Appendix A. Search strategy
Table A1.  Search Strategy in MEDLINE
	
	Description
	Search terms
	Results
	Update (08/12/13-11/24/14)

	1. 
	SCI terms

	"Spinal Cord Injuries"[MeSH] OR “Spinal Cord Compression”[MeSH] OR “Spinal Cord Ischemia”[MeSH] OR “Central Cord Syndrome”[MeSH] OR (Myelopathy AND (Trauma OR Traumas OR Traumatic OR Post-traumatic OR Posttraumatic)) OR ((Spine OR Spinal) AND (Trauma OR Traumas OR Traumatic OR Injur* OR Damag*)) OR (Cord AND (Contusion* OR Laceration* OR Transaction* OR Trauma OR Traumas OR Traumatic* OR Ischemi*)) OR “Central Cord Injury Syndrome” OR “Central Spinal Cord Syndrome” OR “Cervical Vertebrae/injuries”[MeSH] OR “Lumbar Vertebrae/injuries”[MeSH] OR “Thoracic Vertebrae/injuries”[MeSH] OR SCI OR “Paraplegia”[MeSH] OR “Quadriplegia”[MeSH] OR Paraplegi* OR Quadriplegi* OR Tetraplegi*
	333,398
	81,070

	2. 
	Decompression terms
	“Decompression, Surgical”[MeSH] OR Decompression OR “Spinal decompression” OR Microdecompression OR Microdiscectomy OR “Open Decompression” OR Laminectomy OR Traction OR “Mechanical Traction” OR “Inversion Therapy” 
	39,521
	3,724

	3. 
	
	#1 AND #2
	7,578
	627

	4. 
	Timing terms
	“Time Factors”[MeSH] OR Early[TIAB] OR Delayed[TIAB] OR Urgent[TIAB] OR Timing[TIAB]
	1,164,021
	140,104

	5. 
	
	#3 AND #4
	1,638
	153

	6. 
	Study design terms
	 “Comparative Study”[Publication Type] OR “Clinical Trial”[Publication Type] OR  "Controlled Clinical Trials as Topic"[MeSH] OR  “Randomized Controlled Trial”[Publication Type] OR “Cohort Studies”[Publication Type] OR “Prospective Studies”[Publication Type] OR RCT OR “Randomized” OR Random OR Randomly OR “Comparison” OR “Comparative” OR “Compared” OR Trial[TI] OR “Meta-Analysis”[Publication Type] OR “Multicenter Study”[Publication Type] OR “Systematic Review” OR Systematic*[TIAB] 
	2,380,046
	388,548

	7. 
	
	#5 AND #6
	331
	48


Search date: 11/24/14
Updated search lower-bound: 08/12/13; initial search included no restriction by publication date
Limits: Humans, Abstract available


Appendix B. Critical appraisal, risk of bias and overall study quality determination
Each study is rated against pre-set criteria (Level of Evidence I, II, III, or IV) listed in the table below.

Table B1.  Definition of the level of evidence and risk of bias for therapeutic studies

	
	
	Studies of Therapy

	Class 
	Bias Risk
	Study design
	Criteria

	I
	Low risk: 
Study adheres to commonly held tenets of high quality design, execution and avoidance of bias
	Good quality RCT
	· Random sequence generation 
· Allocation concealment
· Intent-to-treat analysis
· Blind or independent assessment for important outcomes
· Co-interventions applied equally
· F/U rate of 80%+
· Adequate sample size

	II
	Moderately low risk: 

Study has potential for some bias; study does not meet all criteria for class I, but deficiencies not likely to invalidate results or introduce significant bias
	Moderate or poor quality RCT

	· Violation of one of the criteria for good quality RCT

	
	
	Good quality cohort
	· Blind or independent assessment in a prospective study, or use of reliable data* in a retrospective study
· Co-interventions applied equally
· F/U rate of 80%+
· Adequate sample size
· Controlling for possible confounding†

	III
	Moderately High risk: 
Study has significant flaws in design and/or execution that increase  potential for bias that may invalidate study results 
	Moderate or poor quality cohort
	· Violation of any of the criteria for good quality cohort

	
	
	Case-control
	· Any case-control design

	IV
	High risk:  
Study has significant potential for bias; lack of comparison group precludes direct assessment of important outcomes
	Case series
	· Any case series design


*Outcome assessment is independent of healthcare personnel judgment. Reliable data are data such as mortality or re-operation. †Authors must provide a description of robust baseline characteristics, and control for those that are unequally distributed between treatment groups.

Methods for critical appraisal and level of evidence assessment

Methods used for assessing the quality of individual studies, as well as the overall body of evidence incorporate aspects of the rating scheme developed by the Oxford Centre for Evidence-based Medicine,1 precepts outlined by the Grades of Recommendation Assessment, Development and Evaluation (GRADE) Working Group,2 and recommendations made by the Agency for Healthcare Research and Quality (AHRQ).3 

Determination of Overall Strength of Evidence

Following assessment of the quality of each individual study, an overall “strength (quality) of evidence” for each relevant question or topic was determined. Methods for determining the overall strength of evidence are variable across the literature and are most applicable to therapeutic studies as described by GRADE and AHRQ. 

When determining the strength (quality) of a body of evidence with respect to a given outcome, the overall quality may be downgraded one or two levels based the following domains:
· Risk of bias: the extent to which studies reporting on a particular outcome are likely to be protected from bias; graded as low, moderately low, moderately high or high risk of bias)
· Consistency: the extent to which studies report the same direction of effect for a particular outcome; graded as consistent, inconsistent, or unknown (in the case of a single study); large differences in the magnitude of effect may also be considered.
· Directness: reflects whether the outcome is directly or indirectly related to health outcomes of interest; graded as direct or indirect.
· Precision: describes the level of certainty of the estimate of effect for a particular outcome, with a precise estimate being one that allows for a clinically useful conclusion; graded as precise or imprecise
· Publication bias: indicates that studies may have been published selectively based on the extent to which relevant empirical findings (e.g., negative or no-difference findings) have not been published or are not available. This is difficult to assess for reviews of diagnostic testing, and statistical methods of assessing this may be misleading.

The initial strength of the overall body of evidence begins as HIGH for RCTs and LOW for observational studies. The body of evidence for observational studies may be upgraded one or two levels based on the following criteria if there are no downgrades in the primary domains above: 
· large magnitude of effect (e.g. RR >2 or <0.5 based on direct evidence, with no plausible confounders
· dose-response gradient or
· if all plausible biases would decrease the magnitude of an apparent effect. 

The final overall strength of the body of literature expresses our confidence in the estimate of effect and the impact that further research may have on the results. 
· High – High confidence that the evidence reflects the true effect. Further research is very unlikely to change our confidence in the estimate of effect.
· Moderate – Moderate confidence that the evidence reflects the true effect. Further research may change our confidence in the estimate of effect and may change the estimate.
· Low – Low confidence that the evidence reflects the true effect. Further research is likely to change the confidence in the estimate of effect and likely to change the estimate.
· Very low – Very little confidence that the evidence reflects the true effect; the true effect is likely to be substantially different than the estimated effect. In addition, this rating may be used if there is no evidence or if it is not possible to estimate an effect.
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Appendix C.  Level of evidence evaluation and overall quality (strength) of evidence 
Table C1.  Level of Evidence for Included Studies
	Methodological Principle
	Bourassa-Moreau (2013)

	Fehlings (2012)
	Wilson (2012)
	Dvorak 
(2014)
	Rahimi-Movghar
(2014)
	Lenehan (2010)

	Study design
	
	
	
	
	
	

	Randomized controlled trial
	
	
	
	
	
	

	Prospective cohort study
	
	
	
	
	
	

	Retrospective cohort study
	
	
	
	
	
	

	Case-control
	
	
	
	
	
	

	Case-series
	
	
	
	
	
	

	Random sequence generation*
	
	
	
	
	
	

	Statement of concealed allocation*
	
	
	
	
	
	

	Intention to treat*
	
	
	
	
	
	

	Independent or blind assessment
	
	
	
	
	
	

	Co-interventions applied equally
	
	
	
	
	
	

	Complete follow-up of >80%
	
	§
	
	
	
	

	Adequate sample size
	
	
	
	
	
	

	Controlling for possible confounding†
	
	
	
	
	
	

	Evidence class
	III
	II
	III
	III
	II
	III

	Risk of Bias
	Mod High
	Mod Low 
	Mod High
	Mod High
	Mod Low
	Mod High


*Applies only to randomized controlled trials
†Groups must be comparable with respect to baseline characteristics or there must be evidence of control for confounding 
Blank cells indicate that the criterion was either not met or that it could not be determined 
§ There were differences in perspective among members of the guideline development group regarding the impact and bias of a 30% loss to follow-up. This issue was discussed during two meetings and voted on. 73% of the guideline development group voted that a 70% follow-up rate was acceptable for this study. The rationale for this revision included: (1) there are logistical challenges associated with following patients with acute SCI; (2) the group hypothesized that patients with problems are more likely to attend their follow-up despite challenges; and (3) the other components of this study were methodologically sound. This exception was not relevant for (1) the studies by Dvorak et al (2014) or Lenehan et al (2010) as attrition rate was not specified or (2) for the study by Wilson et al (2012) as follow-up was less than 70%. 




Overall Quality (strength) of Evidence for Primary Outcomes
Table C2.  Overall Quality of Evidence for Key Question 1: What is the efficacy and effectiveness of early decompression (≤24 hours) compared with late decompression (>24 hours) or conservative therapy based on clinically important change in neurological status?
	Neurological Outcomes 

	Treatment groups

	Effect size

	 Outcome
	Studies 
N 
Follow-up
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Overall 
quality of
evidence
	Early (%)
	Late (%)
	
Effect Size 

	  Cervical SCI

	ASIA Impairment Score


	1 prospective cohort 
[Fehlings, 2012]
N = 222
6 months
	No Serious Risk of bias§

	Inconsistency unknown
	No serious indirectness

	No serious imprecision
	Undetected
	Low§



Low§
	56.5% (74/131)


19.8% (26/131)
	49.5% (45/91)


8.8%
(8/91)
	≥ 1 grade improvement
ORadj (95% CI)
1.37 ( 0.80 to 2.57), p = 0.31
≥ 2 grade improvement
ORadj (95% CI)
2.83 (1.10 to 7.28), p = 0.03

	Thoracolumbar SCI

	ASIA Impairment Score

≥ 2 grade improvement
	1 RCT [Rahimi-Movghar, 2014]
N = 35
12 months
	Serious
risk of bias†

	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision
	Undetected
	 Low
	
31.2% (5/16)


18.1% (3/16)
	
44% (7/19)


5.2% (1/19)
	RR (95% CI)
≥ 1 grade improvement
0.85 (0.33, 2.16)
≥ 2 grade improvement
3.56 (0.41 to 30.99) 

	Cervical and Thoracic and Lumbosacral SCI

	ASIA Impairment Score grade improvement;

ASIA Motor Score ≥ 5 points

	1 prospective cohort 
[Wilson, 2012]
N = 82
Acute care discharge (mean 25 days)
	Serious
risk of bias†

	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision
	Undetected
	Very Low 






	
21.2% (7/33)


9.1% (3/33)
	
18.4% (9/49)


2.0% (1/49)
	Unadjusted RR (95% CI)
 ≥ 1 grade improvement
1.15 (95% CI 0.48 to 2.79), p = 0.7499
≥ 2 grade improvement
4.45 (0.48 to 41.0)

Mean ASIA Motor Score
Improvement (means NR); p =0.18

	
	Inpatient rehabilitation discharge (mean 90 days)
	Serious
risk of bias*†

	Inconsistency unknown
	No serious indirectness



	Serious risk of imprecision
	Undetected
	Very Low
	
40.9% (9/22)


27.2% (6/22)
	
30.3% (10/33)


3.0% (1/33)
	Unadjusted RR (95% CI)
≥ 1 grade improvement
1.33 (95% CI 0.61 to 2.93), p = 0.4700
 ≥ 2 grade improvement
8.9 (1.12 to 70.64), p = 0.0154

ASIA Motor Score Improvement (mean NR); Adjusted effect size estimate = 13.0; p=0.01

	ASIA Improvement Score 
	1 prospective cohort
[Dvorak, 2015]
N = 888
Follow-up NR
	Serious
risk of bias†

	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision‡
	Undetected
	Very Low 
	AIS A:
%NR



AIS B, C, D:
%NR
	AIS A:
%NR



AIS B, C, D:
%NR
	AIS A:
Beta: 0.068 (95% CI -0.625 to 0.76); p = 0.848
IRR: 1.07 (95% CI 0.54 to 2.14)

AIS B, C, D:
Beta: 6.258 (95% CI 0.618 to 11.897); p = 0.03
IRR: 522.17 (95% CI 1.855 to 146825.5)

	Acute central cord injury without instability

	ASIA improvement from preoperative 
	1 prospective observational study [Lenehan, 2010]
N = 73
 Follow-up NR


	Serious
risk of bias*†

	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision
	Undetected
	Very Low 
	NR
	NR
	6 months 
ORadj (95% CI)
3.39 (0.75 to 15.34), p = 0.1131
12 months 
ORadj (95% CI)
2.81 (0.48 to 16.60), p = 0.2548

	Total motor improvement from preoperative to postoperative 
	
	Serious
risk of bias*†

	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision
	Undetected
	Very Low
	NR
	NR
	Group differences
6 months
7.47 (-0.04 to 17.91), p = 0.0511
12 months
6.31 (0.44 to 12.18), 
p = 0.0359


AIS: ASIA Impairment Score; ASIA: American Spinal Injury Association; CI: Confidence Interval; NR: Not Reported; OR: odds ratio; RR: risk ratio; SCI: spinal cord injury
* Serious risk of bias due to attrition or lack of reporting attrition
†Serious risk of bias: studies did not meet two or more criteria of a good quality RCT or cohort.
‡ Confidence intervals are wide for estimates despite the overall study population size, indicating lack of precision; this may be a function of the number of individuals in sub analyses
§ There were differences in perspective among members of the guideline development group regarding the impact and bias of a 30% loss to follow-up. This issue was discussed during two meetings and voted on. 73% of the guideline development group voted that a 70% follow-up rate was acceptable for this study. The rationale for this revision included: (1) there are logistical challenges associated with following patients with acute SCI; (2) the group hypothesized that patients with problems are more likely to attend their follow-up despite challenges; and (3) the other components of this study were methodologically sound. As a result, there was no downgrade for risk of bias and the overall strength of evidence was considered low instead of very low. 

Overall, across studies (regardless of injury level) which provided data for ≥ 2 grade improvement in ASIA or Frankel grade, a greater number of patients decompressed early (≤24 hours) experienced improved neurologic status than those decompressed late (>24 hours); however, statistical significance was not uniformly observed and confidence intervals were wide for most studies questioning the stability of estimates. One study reported ≥ 5 point improvement in ASIA Motor Score in AIS B, C and D patients decompressed early (versus late). One study on central cord syndrome also reported favorable results patients decompressed early; although results were statistically significant, it is unclear whether the results represent a clinically important change in total motor score.  

Table C3. Overall Quality of Evidence for Key Question 2: Does timing of decompression influence other functional outcomes or administrative outcomes? 

	Functional and Administrative Outcomes
	Treatment groups
	Effect size

	   Cervical and Thoracic and Lumbosacral SCI	

	 Outcome
	Studies 
N 
Follow-up
	Risk of bias*
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Overall 
quality of
evidence
	Early (%)
	Late (%)
	Mean Difference
 (95% CI)


	LOS 

	1 prospective cohort 
[Wilson, 2012]
N = 82
Acute care discharge (mean 25 days)

Inpatient rehabilitation discharge (mean 90 days)
	Serious
risk of bias*†






	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision
	Undetected
	Very Low
	 24.9 days 
	24.7 days

	0.2 days, p = 0.97

	
	
	Serious
risk of bias*†

	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision
	Undetected
	Very Low
	102.9 days
	80.2 days
	22.7 days, p = 0.10

	LOS (undefined) 
	1 prospective cohort [Dvorak, 2015]
N = 888
Follow-up NR
	Serious
risk of bias*†

	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision‡
	Undetected
	Very Low 
	AIS A:
7.5 days






AIS B:
12.8 days
	AIS A:
NR






AIS B:
NR
	AIS A:
Adjusted estimates (95% CI)† 
Beta: -0.181 
(-0.303 to -0.059), 
p = 0.004
IRR: 0.834 (0.738 to 0.942)

AIS B:
Adjusted estimates (95% CI)† 
Beta: -0.358 
(-0.590 to -0.126), 
p = 0.003
IRR: 0.699 (0.554 to 0.881)

	  Thoracolumbar SCI

	LOS
	1 RCT [Rahimi-Movghar, 2014]
N = 35
	Serious
risk of bias†

	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision
	Undetected
	Low
	7 ± 7.13 
days

	9.7 ± 8.28 days

	Mean difference: 
-2.7 (-8.1 to 2.7) days, 
p = 0.3137

	Acute central cord injury without instability

	Functional Independence Measure (FIM) Motor Sub-Score Improvement from Discharge to Follow-up
	1 prospective observational study [Lenehan, 2010]
N = 73

	Serious
risk of bias*†

	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision
	Undetected
	Very Low 
	NR
	NR
	6 months: 6.92 (-0.11, 13.96),
p = 0.0537

12 months: 7.79 (0.09, 15.49), 
p = 0.0474


AIS: ASIA Impairment Score; IRR: Incident Rate Ratio; LOS: length of stay; NR: Not Reported; SCI: spinal cord injury
* Serious risk of bias due to attrition or lack of reporting attrition
†Serious risk of bias: studies did not meet two or more criteria of a good quality RCT or cohort.
‡ Confidence intervals are wide for estimates despite the overall study population size

Table C4. Overall Quality of Evidence for Key Question 3: What is the safety profile of early decompression (≤24 hours) compared with late decompression (>24 hours) or conservative therapy?

	Safety Outcomes
	Treatment Groups
	Effect Size

	 Outcome
	Studies 
N 
Follow-up
	Risk of bias*
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Overall 
quality of
evidence
	Early (%)
	Late (%)
	Unadjusted 
RR (95% CI)


	Cervical 
a. Cardiopulmonary complications
b. Construct Failure Requiring Surgery
c. Deep Wound Infection
d. Neurologic Deterioration
e. Pulmonary Embolism
f. Systemic Infection
g. Wound Dehiscence
h. Mortality; ≤30d post-injury
i. Mortality; >30d post-injury
	1 prospective cohort (Fehlings 2012)
(N = 222)
	No serious risk of bias§

	Inconsistency unknown
	No serious indirectness

	Serious risk of imprecision*
	Undetected
	Very Low
	n†† = 182

a. a. 32 (17.6)
b. b. 3 (1.6)
c. c. 0 (0)
d. d. 4 (2.2)
e. e. 2 (1.1)
f. f. 6 (3.3)
g. g. 1 (0.5)
h. h. 1 (0.5)
i. i. 3 (1.6)

	n†† = 131

a. a. 34 (26.0)
b. b. 1 (0.8)
c. c. 2 (1.5)
d. d. 1 (0.8)
e. e. 2 (1.5)
f. f. 8 (6.1)
g. g. 1 (0.8)
h. h. 1 (0.8)
i. i. 0 (0)
	Although there were no statistical differences between groups for these outcomes, there was likely insufficient statistical power to detect a difference.

Unadjusted RR 
a. 0.68 (0.44 to 1.04)
b. 2.16 (0.23 to 20.53) 
c. Incalculable
d. 2.88 (0.33 to 25.46)
e. 0.72 (0.10 to 5.04)
f. 0.54 (0.19 to 1.52)
g. 0.72 (0.05 to 11.40)
h. 0.72 (0.05 to 11.40)
i. Incalculable

	Cervical and thoracolumbar
a. Pneumonia
b. Pressure Ulcer
c. Urinary Tract Infection
d. Other Complications
e. Mortality

	1 retrospective cohort (Bourassa-Moreau 2013) 
(N =431)
	Serious
risk of bias†

	Inconsistency unknown
	No serious indirectness

	Serious risk  of imprecision
	Undetected
	Very Low 






	n = 90
a. a. 15 (16.7)
b. b. 12 (13.3)
c. c. 18 (20.0)
d. d. 11 (12.2)
e. e. 3 (3.3)
	n = 341
a. a. 91 (26.7)
b. b. 73 (21.4)
c. c. 83 (24.3)
d. d. 55 (16.1)
e. e. 9 (2.6)
	Although there were no statistical differences between groups for these outcomes, there was likely insufficient statistical power to detect a difference. 

Unadjusted RR (95% CI)
a. 0.62 (0.38 to 1.02)
b. 0.66 (0.37 to 1.15)
c. 0.82 (0.52 to 1.29)
d. 0.76 (0.41 to 1.39)
e. 1.26 (0.35 to 4.57)

	Thoracolumbar
a. Deep vein thrombosis
b. Wound infection
a. c. CSF leak
b. d. Meningitis
c. e. Decubitis ulcer
d. f. Revision of surgical screws
e. g. Bilateral rod fracture
f. h. Death
	1 RCT [Rahimi-Movghar, 2014]
N = 35
12 months
	Serious
risk of bias†

	Inconsistency unknown
	No serious indirectness

	 Very Serious risk of imprecision (down grade 2)**
	Undetected
	Very Low
	N=16
a. 1 (6.2)
b. NR
c. NR
d. NR
e. NR
f. 2 (12.5)
g. NR
h. 1 (6.2)
	N=19
a. 1 (5.2)
b. 1 (5.2)
c. 1 (5.2)
d. 1 (5.2)
e. 1 (5.2)
f. 3 (15.7)
g. 1 (5.2)
h. 1 (5.2)

	Conclusions are not possible. For many outcomes, the event rates low overall and were not reported for the early group. Furthermore, the very small sample size for this study prevented detection of differences between groups.


†Serious risk of bias: studies did not meet two or more criteria of a good quality RCT or cohort
†† Denominator is the total number of subjects enrolled (information on timing of complications and number of patients available was not provided).
* Lack of precision: wide confidence intervals for the majority of outcomes or for rare outcome
** Lack of precision:  2 downgrades; very small sample size, wide confidence intervals and rare outcome; authors do not report events for both arms
‡ Confidence intervals are wide for estimates despite the overall study population size, indicating lack of precision; this may be a function of the number of individuals in sub-analyses
§ There were differences in perspective among members of the guideline development group regarding the impact and bias of a 30% loss to follow-up. This issue was discussed during two meetings and voted on. 73% of the guideline development group voted that a 70% follow-up rate was acceptable for this study. The rationale for this revision included: (1) there are logistical challenges associated with following patients with acute SCI; (2) the group hypothesized that patients with problems are more likely to attend their follow-up despite challenges; and (3) the other components of this study were methodologically sound. As a result, there was no downgrade for risk of bias and the overall strength of evidence was considered low instead of very low. 


Table C5.  Summary of Evidence Table:

	Outcome
	Relative importance 
	GRADE evidence
	Impact

	NEUROLOGICAL OUTCOMES  

	ASIA Grade Improvement 
6 months (Cervical)
1 prospective (N =222)
Acute care discharge (all levels)
1 prospective (N = 82)
IP rehab discharge (all levels)
1 prospective (N = 82)
12 months (Thoracolumbar)
1RCT (N=35)

	CRITICAL
	
  Low§ 


	A greater proportion of patients decompressed early showed improvement; however statistical significance was not uniformly achieved when all levels were considered together. 

At 6 months: 
≥ 1 grade improvement: No statistical differences between groups; 56.5 % vs. 49.5%; ORadj 1.37 ( 95% CI 0.80 to 2.57)
≥ 2 grade improvement: Significantly more patients receiving early decompression experienced a ≥2 grade improvement than those decompressed late (19.8% vs. 8.8% ORadj 2.83, 95% CI 1.10 to 7.28)
Acute care discharge: 
≥ 1 grade improvement: No statistical differences between groups; 21.2% vs. 18.4%; unadjusted RR 1.15 (95% CI 0.48 to 2.79), p = 0.7499
≥ 2 grade improvement: No statistical differences between groups; 9.1% vs. 2.0%; unadjusted RR 4.45 (95% CI 0.48 to 41.0)
IP Rehab discharge
≥ 1 grade improvement: No statistical differences between groups; 40.9% vs. 30.3%; unadjusted RR 1.33 (95% CI 0.61 to 2.93)
≥ 2 grade improvement: Significantly more patients receiving early decompression experienced ≥ 2 grade improvement than those decompressed late (27.2% vs. 3.0%; unadjusted RR 8.9 (95% CI 1.12 to 70.64)

12 months (RCT): No statistical differences between groups for either threshold; small sample sizes

	ASIA Motor Score 
Acute care discharge (all levels)
1 prospective (N = 82)
IP rehab discharge (all levels)
1 prospective (N = 82) 
Time not reported (all levels)
1 prospective cohort (N=888)

	CRITICAL
	Very Low†
	No statistical differences between groups upon discharge from acute care IP rehab or for AIS A patients in two separate studies; significant improvements observed in AIS B, C, D patients decompressed early in one study

Acute care discharge: Means NR; p = 0.18
IP Rehab discharge: A 13 point improvement (adjusted estimate) was associated with early decompression (data and confidence interval not provided)
Time frame not reported: 
AIS A: No statistical differences between groups (Beta: 0.068 (95% CI -0.625 to 0.76), p = 0.848)
AIS B, C, D:  Authors reported a 6 point improvement  following early decompression (Beta: 6.258 (95% CI 0.618 to 11.897); p = 0.03

	Other critical outcomes 
· Functional Independence Measure (FIM) motor sub-score improvement
· Spinal Cord Independence Measure (III) change
	CRITICAL
	
	These outcomes were not reported at any level.

	SAFETY
	
	
	

	Mortality 
≤ 30 Days post injury (Cervical)
>30 Days post injury (Cervical)
1 prospective (N =222)
12 months (Thoracolumbar)
1RCT (N=35)
Time not reported (cervical and thoracolumbar)
1 retrospective cohort (n=431) 
	CRITICAL
	Very Low†
	Although no differences were reported across studies, mortality was a rare event and studies were likely underpowered

≤ 30 Days post injury No difference between groups: 0.5% vs. 0.8%
>30 Days post injury No difference between groups: 1.6% vs. 0%
12 Months:  1 in each group; small sample
Time not reported:  3.3% vs. 2.6%; RR 1.26 (95% CI 0.35 to 4.57)

	Pressure (Decubitus) Ulcer
1 Retrospective cohort (N =431)
1RCT (=35)
	CRITICAL
	Very Low†
	No statistical difference in largest study
Cohort: 13.3% vs. 21.4%; RR 0.66 (95% CI 0.37 to 1.15)
RCT: None reported in early group, 1 in late group; conclusions not possible

	Other safety outcomes and complications 
No statistical differences were seen between groups; however, in most studies, sample sizes may have been too small to detect. Outcomes below are presented by study

	Cervical SCI (6 months) 
1 prospective (N =222)
	
	
	

	Neurologic Deterioration
	Critical
	Very Low*§
	No statistical differences between groups: 2.2% (early) vs. 0.8% (late)

	Cardiopulmonary complications
	IMPORTANT but not critical
	   Very low*§
	No difference between groups: 17.6% vs. 26.0%; Unadjusted RR 0.68 (95% CI 0.44 to 1.04)

	Construct Failure Requiring Surgery
	IMPORTANT but not critical
	Very low*§
	No difference between groups: 1.6% vs. 0.8%

	Deep Wound Infection
	IMPORTANT but not critical
	Very low*§
	No difference between groups: 0% vs. 1.5%

	Pulmonary embolism
	IMPORTANT but not critical
	Very low*§
	No difference between groups: 1.1% vs. 1.5%

	Systemic infection
	IMPORTANT but not critical
	Very low*§
	No difference between groups: 3.3% vs. 6.1%

	Wound Dehiscence
	IMPORTANT but not critical
	Very low*§
	No difference between groups: 0% vs. 1.5%

	Cervical and Thoracolumbar
1 retrospective study outcomes 
(N = 431)
	
	
	

	Pneumonia 
	CRITICAL
	Very Low†
	No difference between groups: 16.7% vs. 26.7%; RR 0.62 (95% CI 0.38 to 1.02)

	Pressure ulcer 
	CRITICAL
	Very Low†
	No difference between groups: 13.3% vs. 21.4%; RR 0.66 (95% CI 0.37 to 1.15)

	Urinary tract infection 
	CRITICAL
	Very Low†
	No difference between groups: 24.3%; RR 0.82 (95% CI 0.52 to 1.29)

	Other Complications (unspecified
	IMPORTANT but not critical
	Very Low†
	No difference between groups: 12.2% VS. 16.1%; RR 0.76 (95% CI 0.41 to 1.39)

	Thoracolumbar
1 RCT (N=35) 
· Deep vein thrombosis
· Wound infection
· CSF leak
· Meningitis
· Revision of surgical screws
· Bilateral rod fracture

	IMPORTANT but not critical
	Very Low†
	Conclusions are not possible. For many outcomes the event rates were low and not reported for the early group. Furthermore, the very small sample size for this study prevented detection of differences between groups. 



	LENGTH OF STAY 

	Length of Stay
Acute care discharge (all levels)
1 prospective (N = 82)
IP rehab discharge (all levels)
1 prospective (N = 82) 
Setting not reported 
1 prospective cohort (N=888) (all levels)
1 RCT (N = 35) (thoracolumbar)


	IMPORTANT but not critical
	Very Low†
	No statistical difference between groups in 3 studies; significant difference in one study.
Acute care (mean 25 days): No difference between groups (25 days for each group)
IP Rehabilitation (mean 90 days): No statistical difference between groups (102.9 days vs. 80.2 days)
Setting not reported 
Cohort: Significantly shorter LOS for complete and incomplete
AIS A: Statistically significant shorter LOS following early decompression (7.5 days vs. late NR; p = 0.004 )
AIS B, C, D:  Statistically significant shorter LOS following early decompression (12.8 days vs. late NR; p = 0.003)
RCT: Mean difference: -2.7 (-8.1 to 2.7) days,  p = 0.3137

	PATIENT VALUES/PREFERENCES

	
	
	
	Included studies did not describe; systematic review process did not include search for these

	RESOURCE USE 
	
	
	

	Cost
	IMPORTANT but not critical
	Not Graded 
	No full, formal economic studies were identified.

An economic study from Quebec (not specific to cervical spine) indicated that early surgery leads to reduced costs.
In the continuous model, delay of surgery led to an increase of $15.00 CAD per hour (95%CI $5.20 to $24.70 CAD); in the dichotomized model, surgery conducted within 24 hours of injury was estimated to be $5,305.80 CAD (95% CI -$8,809.40 to -$1,802.10 CAD) less than surgery conducted after 24 hours of injury. However, it should be noted that the early surgery group was significantly younger (p=0.004) than the late surgery group, and that the cost-analysis model does not include physician fees. Furthermore, results from this study may not be applicable in other countries


* Downgraded for imprecision
†Downgraded for risk of bias (studies did not meet two or more criteria of a good quality RCT or cohort study) and imprecision	
‡ Downgraded for serious risk of bias (studies did not meet two or more criteria of a good quality RCT or cohort study), lack of precision (confidence intervals are wide for estimates despite the overall study population size; this may be a function of the number of individuals in sub-analyses).
§ There were differences in perspective among members of the guideline development group regarding the impact and bias of a 30% loss to follow-up. This issue was discussed during two meetings and voted on. 73% of the guideline development group voted that a 70% follow-up rate was acceptable for this study. The rationale for this revision included: (1) there are logistical challenges associated with following patients with acute SCI; (2) the group hypothesized that patients with problems are more likely to attend their follow-up despite challenges; and (3) the other components of this study were methodologically sound.  Across studies and time frames, effect estimates are within the limits of chance and confidence intervals are wide, suggesting effect size instability.

Appendix D. Data Extraction Tables for Included Studies 
Table D1.  Study characteristics and patient demographics for studies comparing early versus late decompression 

	Author (year)
	Study design
(CoE)
	Demographics
	Follow-up (% followed)
	Baseline neurological, disease, and trauma severity status 
	Patient characteristics 
	Intervention(s) and Co-intervention(s) 
	Timing of treatment 
	Inclusion/Exclusion

	Fehlings (2012)

STASCIS trial (multi-center)

Cervical SCI
	Prospective cohort (II)
Moderately low risk of bias
	Early (< 24 hrs.)
N = 182
Mean age (±SD): 45.0 ± 17.2 years
Male: 76.9%

Late (≥ 24 hrs.)
N = 131
Mean age (±SD): 50.7 ± 15.9 years
Male: 73.3%

	6 months (70.9%; n = 222/313)

Early: 72.0% (n = 131/182)

Late: 69.5% (n = 91/131)
	Initial neurologic exam at presentation (w/in 24 hours of admission)

ASIA grade, n (%)
Early
A: 65 (35.7)
B: 40 (22.0)
C: 32 (17.6)
D: 45 (24.7)
Late 
A: 36 (27.5)
B: 14 (10.7)
C: 34 (26.0)
D: 47 (35.9)
Baseline ASIA assessment performed within 24 hours on all patients

Charlson Co-morbidity Index ≥ 1, n (%)
Early: 40 (22.0)
Late: 30 (26.0)

Glasgow Coma Scale (mean ± SD)
Early: 14.9 ± 0.4
Late: 14.9 ± 0.4

	· Cervical spinal cord compression
· Neurological level of injury between C2-T1
· Pre-existing spinal pathology NR
· No patient had a head injury (GCS ≤ 13) or significant poly-trauma
· Cause of trauma, n (%):
Early
MVA: 76 (41.8)
Fall: 64 (35.1)
Assault-blunt: 8 (4.4)
Sports: 16 (8.8)
Other: 18 (9.9)
Late
MVA: 43 (32.8)
Fall: 57 (43.5)
Assault-blunt: 5 (3.8)
Sports: 12 (9.2)
Other: 14 (10.7)

	Interventions
· Decompression accompanied by an instrumented fusion procedure
· Approach (anterior vs. posterior) and number of levels decompressed at the discretion of the spinal surgeon

Co-interventions
· 194 (62.0%) patients received steroids at hospital admission; significantly higher proportion administered in the early vs. the late group (P = .04)
· All patients received appropriate medical support according to 2002 AANS cervical SCI guidelines
· Methylprednisolone used as per the discretion of the treating team
· All patients underwent a post-operative rehabilitation regimen, tailored to individual and injury specific factors
	From time of injury to treatment
	Inclusion:
· Male or female
· Ages 16-80
· Initial GCS > 13
· Initial AIS grade A-D
· Cervical spinal cord compression confirmed by MRI or CT myelography
· Patient or Proxy willing to provide consent for enrollment
· Neurological level of injury between C2-T1

Exclusion:
· Cognitive impairment preventing accurate neurologic assessment
· Penetrating injuries to the neck
· Pregnancy
· Pre-injury major neurologic deficits or disease (i.e. ischemic stroke, Parkinson’s disease)
· Life threatening injuries which prevent early decompression of the spinal cord
· Arrival at health center > 24 hours after SCI
· Surgery > 7 days after SCI

	Bourassa-Moreau (2013)

Cervical, thoraco-lumbar SCI

	Retrospective cohort (III)
Moderately high risk of bias
	Overall
N = 431
Mean age (±SD): 41.8 ± 17.6 years
Males: 77.7%

Early (<24 hours)
N = 90
Mean age (±SD): 37.0 ± 15.9 years
Males: 82.2%

Late I (24-72 hours)
N = 231
Mean age (±SD): 40.7 ± 17.3 years
Males: 78.4%

Late II (>72 hours)
N = 110
Mean age (±SD): 47.9 ± 18.0 years
Males: 72.7%

	Mean NR; follow-up period included the acute hospital stay
	Timing of initial neurological exam NR (At presentation)

ASIA grade, % (n)
Overall
A: 45.7 (197)
B: 16.5 (71)
C: 14.2 (61)
D: 23.7 (102)
Early
A: 61.1 (55)
B: 17.8 (16)
C: 8.9 (8)
D: 12.2 (11)
Late I
A: 47.2 (109)
B: 18.2 (42)
C: 16.5 (38)
D: 18.2 (42)
Late II
A: 30.0 (33)
B: 11.8 (13)
C: 13.6 (15)
D: 44.5 (49)

Charlson Comorbidity Index (mean ± SD)
Overall
0.22 ± 0.68
Early
0.10 ± 0.37
Late I
0.19 ± 0.60
Late II
0.38 ± 0.96

Injury Severity Score (mean ± SD)
Overall
26.2 ± 10.2
Early
28.2 ± 10.2
Late I
26.6 ± 10.0
Late II
23.5 ± 10.3

Surgical Invasiveness Index (mean ± SD)
Overall
12.2 ± 7.2
Early
12.5 ± 7.3
Late I
12.7 ± 7.3
Late II
10.9 ± 7.0
	· Spinal fracture, dislocation or fracture-dislocation from C1-L2, with clinical evidence of SCI 
· Cause of trauma, NR
· Pre-existing spinal pathology NR
· Paraplegia, % (n)
Overall
52.7 (227)
Early
67.8 (61)
Late I
56.3 (130)
Late II
32.7 (36)
· Traumatic Brain Injury, % (n)
Overall
32.5 (140)
Early
36.7 (33)
Late I
37.7 (76)
Late II
28.2 (31)

	Intervention
· Surgical decompression

Co-interventions
· NR
· Administration of methylprednisolone not accounted for due to lack of information
	From time of injury to time of skin incision
	Inclusion:
· Spinal fracture, dislocation or fracture-dislocation from C1 to L2
· Clinical evidence of SCI (ASIA A, B, C, and D)
· Minimal age of 16 years
· Spine surgery performed at our center

Exclusion:
· Penetrating trauma to the spine
· Nonsurgical management
· Central cord syndrome or absence of acute spine injury
· Unknown neurologic assessment
· Associated neurologic disorders that preclude neurologic assessment including severe traumatic brain injury

	Dvorak (2014)

Cervical, thoracic, lumbosacral SCI
	Prospective cohort (III)
Moderately high risk of bias
	Overall
N = 888
Mean age (range): 45.7 (76)
Male: 76.5%
Mean time to surgery (±SD): 60.4 ± 80 hours

Early (≤24 hours)
N = 355 (40% patients)
Mean age: NR
Male: NR

Late (24 – 168 hours)
N = 533 (60% patients)
Mean age: NR
Male: NR
	Mean NR; 
“‘Final’ ISNCSCI assessments were generally performed between 3-6 months following injury.”
	Initial neurologic exam performed within 72 hours post-injury

ASIA grade, n (%)
Overall
A: 292 (38.8)
B: 90 (12)
C: 138 (18.4)
D: 232 (30.9)
	· Neurological level of injury, n (%)
Overall
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)
· Severity of injury, n (%)
Overall
AIS A: 292 (38.8)
AIS B: 90 (12)
AIS C: 138 (18.4)
AIS D: 232 (30.9)
	Interventions
· Combination of either stabilization and/or decompression

Co-interventions
· NR
	From time of injury to treatment
	Inclusion:
· Participants in the RHSCIR
· Acute tSCI
· Surgery <1 month post-injury

Exclusion:
· Glasgow Coma Scale <14
· Timing of surgery and neurological examinations unspecified
· Failure to provide consent to collection of baseline and follow-up neurological examination results

	Wilson (2012)

Cervical, thoracic, lumbosacral SCI
	Prospective cohort (III)
Moderately high risk of bias
	Overall
N = 84

Early (<24 hours)
N = 35
Mean age: 41.6 years
Males: 83%
Mean time to surgery (±SD): 12.7 ± 4.9 hours

Late (≥ 24 hours)
N = 49
Mean age: 47.9 years
Males: 78%
Mean time to surgery (±SD): 155.0 ± 236.7 hours

	Acute care discharge, mean 24.8 ± 29.2 days (97.6% followed; n = 82/84)
Inpatient rehabilitation discharge, mean 89.6 ± 47.4 days (65.4% followed, n = 55/84; Early: 62.9%, n = 22;  Late: 67.3%, n = 33)
	Initial assessment at acute-care admission

ASIA Impairment Scale grade, n (%)
Early
A: 18 (51)
B: 6 (17)
C: 5 (14)
D: 6 (17)
Late
A: 15 (31)
B: 3 (6)
C: 6 (12)
D: 25 (51)

	· Neurological level of injury, n (%)
Early
Cervical: 14 (40)
Thoracic: 12 (34.3)
Lumbosacral: 9 (25.7)
Late
Cervical: 30 (61.2)
Thoracic: 9 (18.4)
Lumbosacral: 10 (20.4)
· Cause of trauma, n (%):
Early
MVA: 13 (37.1)
Fall: 13 (37.1)
Assault: 1 (2.9)
Other: 8 (22.9)
Late
MVA: 10 (20.4)
Fall: 29 (59.2)
Assault: 3 (6.1)
· Other: 7 (14.3)
	Interventions
· Approach, extent of decompression and use of spinal instrumentation decided on a case-by-case basis by the attending orthopedic or neurosurgeon

Co-interventions
· All patients received optimal medical support, which included permissive or induced hypertensive therapy for 1 week following the injury
· Methylprednisolone was used as per the discretion of the treating team according to the recommendations of the Second National Acute Spinal Cord Injury Study
· Received methylprednisolone, n/N (%):
Early: 3/25 (12)
Late: 7/36 (19.4)
· All patient underwent an individualized post-op rehab protocol in a spinal cord rehab unit
	NR
	Inclusion:
· Traumatic SCI
· Age > 16
· Initial ASIA impairment scale grade A-D
· Spinal cord compression confirmed by MRI or CT myelography
· Patient or proxy willing to provide consent for enrollment

Exclusion:
· Cognitive impairment preventing accurate neurological assessment
· Penetrating injuries
· Pregnancy
· Pre-injury major neurological deficits or disease (i.e. ischemic stroke, Parkinson’s disease)
· Life-threatening injuries that prevent early decompression of the spinal cord
· Significant pre-morbid medical illness, including but not limited to: myocardial infarction within 3 months; uncompensated heart failure; active systemic cancer; AIDS

	Rahimi-Movaghar (2014)

Thoracolumbar SCI
	Randomized controlled trial (II) Moderately low risk of bias
	Early (< 24 hours)
N = 16
Mean age (±SD): 31.7 ± 9.1 years
Male: 69.0%
Time to surgery, mean hours (± SD): 18.9 ± 4.75 hours

Late (24 – 72 hrs.)
N = 19
Mean age (±SD): 37.8 ± 13.70 years
Male: 74.0%
Time to surgery, mean hours ± SD: 45.0 ± 11.93 hours

	Early
1 month follow up: 87.5% (n = 14/16)
3 months follow up: 56.3% (n = 9/16)
6 months follow up: 87.5% (14/16)
12 months follow up: 93.8% (15/16)

Late
1 month follow up: 73.7% (14/19)
3 months follow up: 63.2% (12/19)
6 months follow up: 78.9% (15/19)
12 months follow up: 94.7% (18/19)
	Initial neurologic examinations performed on admission, preoperatively, immediately after surgery, and at 1, 3, 6, and 12-months follow-up

ASIA grade, n (%)
Early
A: 7 (44.0)
B: 1 (6.0)
C: 4 (25.0)
D: 4 (25.0)
Late 
A: 9 (47.0)
B: 5 (26.0)
C: 1 (5.0)
D: 4 (21.0)

	· Thoracic/ throacolumbar compression
· Cause of trauma, n (%):
Early
Automobile crashes: 4 (25)
Motorcycle crashes: 3 (19)
Fall: 7 (44)
Other: 2 (12)
Late
Automobile crashes: 14 (74)
Motorcycle crashes: 2 (10)
Fall: 3 (16)
Other: 0
· Baseline AIS grade, n (%):
Early
A: 7 (44)
B: 1 (6)
C: 4 (25)
D: 4 (25)
Late
A: 9 (47)
B: 5 (26)
C: 1 (5)
D: 4 21)

Hospitalization days, mean (± SD)
Early: 7.0 ± 7.13 days
Late: 9.0 ± 7 8.28 days
	Interventions
· Decompression accompanied by spinal fusion and fixation

Co-interventions
· Standard spinal immobilization and resuscitation techniques
· Intravenous methylprednisolone based on recommendations from National Acute Spinal Cord Injury Studies (NASCIS)
· Gastrointestinal prophylaxis

	NR
	Inclusion:
· > 18 years old
· tSCI between T1 – L1
· Hemodynamic stability
· Evidence of spinal cord/conus medullaris compression and/or MRI signal change
· Hospital admission before 24 hours of injury 

Exclusion:
· American Spinal Injury Association (ASIA) Impairment Scale (AIS) grade of E
· No cord compression on MRI
· Spinal shock
· An injury involving more than 2 adjacent vertebral levels
· Inability to provide informed consent
· Any cognitive deficit
· Major and current psychiatric illness
· Significant concurrent traumatic brain injury
· Major concurrent medical disease
· Pre-injury major neurologic deficits or disease
· Ankylosing spondylitis
· Penetrating thoracolumbar injuries
· Pregnancy
· Life-threatening injuries preventing early cord decompression
· Criminals under indictment
· Incarceration
· Substance abuse

	Lenehan 2010

Acute central cord injuries without instability

	Prospective observational study (III) Moderately high risk of bias
	Overall
N = 73
Mean age (±SD): 58.2 ± 14.4 years
Male: 81.0%
Mean time from injury to admission (±SD): 25.6 ± 13.6 hours
Mean time from admission to surgery (±SD): 37.7 ± 85.7 hours

Early (<24 hrs.)
N = 17
Mean age at injury (±SD): 55.0 ± 14.4 years
Male: 82.3%

Late (≥ 24 hours):
N = 56
Mean age at injury (±SD): 59.1 ± 14.3 years
Male: 80.3%

	NR
	Timing of initial neurological examination NR

Co-morbidity (%):
Overall
None: 57 (78)
One: 14 (19)
More: 2 (3)
Early:
Yes: 3 (17.65)
No:  14 (82.35)
Late:
Yes: 13 (23.21)
No: 43 (76.79)

ASIA Motor Score Initial: 
Overall (mean ± SD): 25.6 ± 13.6
Overall (median, range): 41.0 (1.0 to 50.0)
Early: 61.1 ± 29.2
Late: 63.5 ± 25.1

ASIA motor score at 6 months (mean ± SD): 
Overall: 87.1 ± 16.1
Early: NR
Late: NR

ASIA motor score at 1 year (mean ± SD): 
Overall: 91.3 ± 11.0
Early: NR
Late: NR

Preoperative ASIA impairment scale (%):
Overall:
C: 28 (38)
D: 45 (62)
Early:
C: 9 (52.94)
D: 8 (47.06)
Late:
C: 19 (33.93)
D: 37 (66.07)
 
	Mechanism of Injury, n (%):
Overall
Falls: 46 (63)
MVA: 14 (19)
Other: 10 (14)
Sport: 3 (4)
Early:
Falls: 9 (52.94)
MVA: 4 (23.53)
Other: 4 (23.53)
Late:
Falls: 37 (66.07)
MVA: 10 (17.86)
Other: 9 (16.07)

Surgical approach, n (%):
Overall:
Anterior: 18 (26)
Posterior: 38 (54)
Combined: 14 (20)
Early:
Anterior: 3 (18.75)
Posterior: 6 (37.50)
Combined: 7 (43.75)
Late:
Anterior: 15 (27.78)
Posterior: 32 (59.26)
Combined: 7 (12.96)

Mean length of hospital stay (range): 
Overall: 21 (1-289) days
	Interventions
· Surgical decompression

	NR
	Inclusion:
· Presenting with acute central cord syndrome
· ASIA Impairment Grade of C or D
· Sacral sensory sparing
· Motor score is greater in lower limbs than in the upper limbs

Exclusion:
· Instability secondary to a fracture/fracture dislocation
· Acute traumatic cervical disc herniation


AANS: American Association of Neurological Surgeons; AIDS: acquired immunodeficiency syndrome; AIS: ASIA impairment scale; ASIA: American Spinal Injury Association; CCS: central cord syndrome; CoE: class of evidence; CT: computed tomography; GCS: Glasgow Coma Scale; ISNCSCI: International Standards for Neurological Classification of Spinal Cord Injury; ISS: Injury Severity Score; MRI: magnetic resonance imaging; MVA: motor vehicle accident; NR: not reported; RHSCIR: Rick Hansen Spinal Cord Injury Registry; SCI: spinal cord injury; SD: standard deviation; STASCIS: Surgical Timing in Acute Spinal Cord Injury Study; tSCI: traumatic spinal cord injury.


Table D2.  Detailed results for studies comparing early versus late decompression 

	Author (Year)

	Neurological Outcomes 
	Functional, Administrative, and Other Outcomes 
	Complications/Adverse events

	Fehlings (2012)

Cervical SCI

Complete/Incomplete
Stratified: Yes
	Baseline AIS Grade (n (%))
Early (≤24h) (n=182)
A: 65 (35.7)
B: 40 (22)
C: 32 (17.6)
D: 45 (24.7)
Late (>24h) (n=131)
A: 36 (27.5)
B: 14 (10.7)
C: 34 (26)
D: 47 (35.9)
p<0.01

AIS grade improvement at 6 months (n (%))
Early (≤24h) (n=131)
No improvement: 56 (42.7)
1 grade improvement: 48 (36.6)
2 grade improvement: 22 (16.8)
3 grade improvement: 4 (3.1)
1 grade worsening: 1 (0.8)
Late (>24h) (n=91)
No improvement: 46 (50.6)
1 grade improvement: 37 (40.7)
2 grade improvement: 8 (8.8)
1 grade worsening: 0 (0)

Early
≥1 grade improvement: 74 (56.5)
Late
≥1 grade improvement: 45 (49.5)
OR = 1.33 (95% CI 0.78 – 2.27)

Early
≥2 grade improvement: 26/131 (19.8)
Late
≥2 grade improvement: 8/91 (8.8)
OR = 2.57 (95% CI 1.11 – 5.97)

Early vs. Late after adjusting for pre-operative neurological status and steroid administration:
OR (95% CI, p value):
Early vs. Late, ≥2 grade improvement: 2.83 (1.10-7.28, p=0.03)
Early vs. Late, ≥1 grade improvement: 1.37 (0.80-2.57, p=0.31)
	NR
	Inpatient postoperative complications (n (%))

Cardiopulmonary
Early: 32 (17.6)
Late: 34 (26.0)

Construct Failure Requiring Surgery
Early: 3 (1.6)
Late: 1 (0.8)

Deep Wound Infection
Early: 0 (0)
Late: 2 (1.5)

Neurologic Deterioration
Early: 4 (2.2)
Late: 1 (0.8)

Pulmonary Embolism
Early: 2 (1.1)
Late: 2 (1.5)

Systemic Infection
Early: 6 (3.3)
Late: 8 (6.1)

Wound Dehiscence
Early: 1 (2.1)
Late: 1 (0.8)

Mortality; ≤30d post-injury:
Early: 1 (2.1)
Late: 1 (0.8)

Mortality; >30d post-injury
Early: 3 (1.6)
Late: 0 (0)


	Bourassa-Moreau (2013)

Cervical, thoraco-lumbar SCI

Complete/Incomplete
Stratified: Yes
	NR
	NR
	Any complication, n (%)
< 24 h
37 (41.1)
24-72 h
109 (47.2)
> 72 h
57 (51.8)
P = .42
Logistic Regression Models:
< 24 h vs. > 72 h
OR = 0.381; 95% CI, 0.195-0.743; P ≤ .005
< 24-72 h vs. > 72 h 
OR = 0.536; 95% CI, 0.311-0.925; P ≤ .05

Pneumonia, n (%)
< 24 h
15 (16.7)
24-72 h
55 (23.8)
> 72 h
36 (32.7)
P = .03
Logistic Regression Models:
< 24 h vs. > 72 h
OR = 0.275; 95% CI, 0.121-0.625; P ≤ .005
< 24-72 h vs. > 72 h 
OR = 0.473; 95% CI, 0.255-0.877; P ≤ .05

Pressure Ulcer, n (%)
< 24 h
12 (13.3)
24-72 h
37 (15.9)
> 72 h
36 (32.7)
P = .10
Logistic Regression Models
< 24 hrs. vs. > 72 h
OR = 0.301; 95% CI, 0.133-0.683; P ≤ .005
< 24-72 hrs. vs. > 72 h
OR = 0.406; 95% CI, 0.217-0.761; P ≤ .005

Urinary Tract Infection, n (%)
< 24 h
18 (20.0)
24-72 h
55 (23.8)
> 72 h
28 (25.5)
P = .71

Other Complications, n (%)
< 24 h
11 (12.2)
24-72 h
37 (15.9)
> 72 h
18 (16.5)
P = .66

Mortality, n (%)
< 24 h
3 (3.3)
24-72 h
8 (3.5)
> 72 h
1 (0.9)
P = .39

	Dvorak (2014)

Cervical, thoracic, lumbosacral SCI

Complete/Incomplete Stratified: No
	ASIA Improvement Score
“Improved score” in AIS A patients, n (%)
Early: NR
Late: NR
Beta (95% CI) = 0.068 (-0.625 to 0.76); p = 0.848
IRR (95% CI) calc = 1.07 (0.54 to 2.14)
Improvement by 6 points in AIS B, C, and D patients, n (%)
Early: NR
Late: NR
Beta (95% CI) = 6.258 (0.618 to 11.897); p = 0.03
IRR (95% CI) = 522.17 (1.855 to 146825.5)  
	Length of stay (undefined)
Early (≤24 h)
7.5 days in AIS A patients
Beta (95% CI) = -0.181 (-0.303 to -0.059)
p = 0.004
IRR (95% CI) calc = 0.834 (0.738 to 0.942)

12.8 in AIS B patients
Beta (95% CI) = -0.358 (-0.590 to -0.126)
p = .003
IRR (95% CI) calc = 0.699 (0.554 to 0.881)

Late (>24 h)
Days NR
	NR

	Wilson (2012)

Cervical, thoracic, lumbosacral SCI

Complete/Incomplete
Stratified: Yes


	Pre-op to acute-care discharge (mean 24.8 ± 29.2 days)
≥ 1 grade AIS improvement, n (%)
Early: 7 (21.2)
Late:  9 (18.4)
P = .47
≥ 2 grade AIS improvement, n (%)
Early: 3 (9.1)
Late:  1 (2.0)
P = .15
ASIA Motor Score improvement (mean)
Early: 6.2
Late:  9.7
P = .18

Pre-op to inpatient rehabilitation discharge (mean 89.6 ± 47.4 days)
≥ 1 grade AIS improvement, n (%)
Early: 9 (40.9)
Late:  10 (30.3)
P = .42
≥ 2 grade AIS improvement, n (%)
Early: 6 (27.2)
Late:  1 (3.0)
P = .01
ASIA Motor Score improvement (mean)
Early: 19.5
Late:  15.4
P = .46

Multivariate analysis predicting change in ASIA Motor Score at rehabilitation discharge
Early vs. Late surgery:  effect estimate = 13.0; P = .01 
(i.e. early group, < 24 hours, experienced an additional 13 points in motor recovery as compared with late group, ≥ 24 hours)
	Mean acute care length of stay 
Early (< 24 h)
24.9 days 
Late (≥ 24 h)
24.7 days 
P = .97

Mean rehabilitation length of stay 
Early (< 24 h)
102.9 days 
Late (≥ 24 h)
80.2 days
P = .10


	NR

	Rahimi-Movghar (2014)

Thoracolumbar tSCI

Complete/Incomplete Stratified: Yes

	Baseline AIS Grade (n (%))
Early (≤24h) (n=16)
A: 7 (44)
B: 1 (6)
C: 4 (25)
D: 4 (25)
E: 0 (0)
Late (>24h) (n=19)
A: 9 (47)
B: 5 (26)
C: 1 (5)
D: 4 (21)
E: 0 (0)

AIS grade improvement at 12 months (n (%))
Early (≤24h) (n=16)
A: 5 (31.2)
B: 1 (6.2)
C: 1 (6.2)
D: 3 (18.7)
E: 5 (31.2)
NR (died): 1 (6.2)
Late (>24h) (n=19)
A: 8 (42.1)
B: 1 (5.2)
C: 4 (21)
D: 3 (15.7)
E: 2 (10.5)
NR (died): 1 (5.2)

Early vs. Late, AIS grade improvement at 12 months (n (%))
1 grade: 5 (31.2) vs. 7 (44)
2 grades: 3 (18.1) vs. 1 (5.2)
	Mean hospital length of stay:
Early (≤24h) (n=16)
7 ± 7.13 days
Late (>24h) (n=19)
9.7 ± 8.28 days 
P>0.05
 
	Postoperative complications (n (%))

Deep vein thrombosis, n (%):
Early: 1 (6.2)
Late: 1 (5.2)

Wound infection, n (%):
Early: NR
Late: 1 (5.2)

CSF Leak, n (%):
Early: NR
Late: 1 (5.2)

Meningitis, n (%):
Early: NR
Late: 1 (5.2)

Decubitis ulcer, n (%):
Early: NR
Late: 1 (5.2)

Revision of surgical screws, n (%):
Early: 2 (12.5)
Late: 3 (15.7)

Bilateral rod fracture, n (%):
Early: NR
Late: 1 (5.2)

Death, n (%):
Early: 1 (6.2)
Late: 1 (5.2)

	Lenehan (2010)

Acute central cord injury without instability

Complete/Incomplete Stratified: No
	Odds ratio for binary outcomes 

ASIA impairment scale improvement from preoperative to 6 months follow-up*: 3.39 (95% CI 0.75 to 15.34), p=0.1131

ASIA impairment scale improvement from preoperative to 1 year follow-up*: 2.81 (95% C 0.48 to 16.60), p=0.2548
	Estimate of difference between early vs. late surgery

Total motor improvement from preoperative to 6 months follow-up: 7.47 (95% CI -0.04 to 17.91), p= 0.0511

Total motor improvement from preoperative to 1 year follow-up: 6.31 (95% CI 0.44 to 12.18), p=0.0359

Functional Independence Measure (FIM) motor sub-score improvement from discharge to 1 year: 6.92 (95% CI -0.11 to 13.96), p=0.0537

Functional Independence Measure (FIM) total score improvement from discharge to 1 year: 7.79 (95% CI 0.09 to 15.49), p=0.0474

	NR


AIS: ASIA Impairment Scale; ASIA: American Spinal Injury Association; CI: confidence interval; ICU: intensive care unit; NR: not reported; OR: odds ratio; SCI: spinal cord injury; SD: standard deviation.
* Late surgery group is the reference group.



Appendix E. Excluded Studies

Table E1. List of Excluded Studies and Reason for Exclusion
	Citation
	Reason for Exclusion 

	Aarabi, B., M. Alexander, et al. (2011). "Predictors of outcome in acute traumatic central cord syndrome due to spinal stenosis." J Neurosurg Spine 14(1): 122-130.
	n = <10 in a study arm

	Bartels, R. H., A. J. Hosman, et al. (2013). "Design of COSMIC: a randomized, multi-centre controlled trial comparing conservative or early surgical management of incomplete cervical cord syndrome without spinal instability." BMC Musculoskelet Disord 14(52): 1471-2474.
	Protocol

	Bourassa-Moreau, E., J. M. Mac-Thiong, et al. (2013). "Non-neurological outcomes after complete traumatic spinal cord injury: the impact of surgical timing." J Neurotrauma 30(18): 1596-1601.
	Duplicate data

	Burke, D. C. and D. Berryman (1971). "The place of closed manipulation in the management of flexion-rotation dislocations of the cervical spine." J Bone Joint Surg Br 53(2): 165-182.
	No comparison of early vs. delayed decompression

	Campagnolo, D. I., R. E. Esquieres, et al. (1997). "Effect of timing of stabilization on length of stay and medical complications following spinal cord injury." J Spinal Cord Med 20(3): 331-334.
	Non-traumatic SCI; <80% with neurological deficit

	Cengiz, S. L., E. Kalkan, et al. (2008). "Timing of thoracolomber spine stabilization in trauma patients; impact on neurological outcome and clinical course. A real prospective (rct) randomized controlled study." Arch Orthop Trauma Surg 128(9): 959-966.
	Timing of decompression not ≤24 hours vs. >24 hours or not clearly defined

	Chen, L., H. Yang, et al. (2009). "Effectiveness of surgical treatment for traumatic central cord syndrome." J Neurosurg Spine 10(1): 3-8.
	Timing of decompression not ≤24 hours vs. >24 hours or not clearly defined

	Chipman, J. G., W. E. Deuser, et al. (2004). "Early surgery for thoracolumbar spine injuries decreases complications." J Trauma 56(1): 52-57.
	Non-traumatic SCI; <80% with neurological deficit

	Clohisy, J. C., B. A. Akbarnia, et al. (1992). "Neurologic recovery associated with anterior decompression of spine fractures at the thoracolumbar junction (T12-L1)." Spine (Phila Pa 1976) 17(8 Suppl): S325-330.
	n = <10 in a study arm

	Croce, M. A., T. K. Bee, et al. (2001). "Does optimal timing for spine fracture fixation exist?" Ann Surg 233(6): 851-858.
	No comparison of early vs. delayed decompression

	Duh, M. S., M. J. Shepard, et al. (1994). "The effectiveness of surgery on the treatment of acute spinal cord injury and its relation to pharmacological treatment." Neurosurgery: discussion 248-249.
	No adjustment for confounding by injury severity at baseline

	Gaebler, C., R. Maier, et al. (1999). "Results of spinal cord decompression and thoracolumbar pedicle stabilisation in relation to the time of operation." Spinal Cord 37(1): 33-39.
	Timing of decompression not ≤24 hours vs. >24 hours or not clearly defined

	Geisler, F. H., W. P. Coleman, et al. (2001). "Recruitment and early treatment in a multicenter study of acute spinal cord injury." Spine (Phila Pa 1976) 26(24 Suppl): S58-67.
	No comparison of early vs. delayed decompression

	Guest, J., M. A. Eleraky, et al. (2002). "Traumatic central cord syndrome: results of surgical management." J Neurosurg 97(1 Suppl): 25-32.
	No adjustment for confounding by injury severity at baseline

	Heiden, J. S., M. H. Weiss, et al. (1975). "Management of cervical spinal cord trauma in Southern California." J Neurosurg 43(6): 732-736.
	No comparison of early vs. delayed decompression

	Kerwin, A. J., E. R. Frykberg, et al. (2005). "The effect of early spine fixation on non-neurologic outcome." J Trauma 58(1): 15-21.
	No information regarding extent of neurological deficit

	Kerwin, A. J., E. R. Frykberg, et al. (2007). "The effect of early surgical treatment of traumatic spine injuries on patient mortality." J Trauma 63(6): 1308-1313.
	No information regarding extent of neurological deficit

	Krengel, W. F., 3rd, P. A. Anderson, et al. (1993). "Early stabilization and decompression for incomplete paraplegia due to a thoracic-level spinal cord injury." Spine (Phila Pa 1976) 18(14): 2080-2087.
	n = <10 in a study arm

	Lukas, R., P. Barsa, et al. (2012). "Timing of surgical intervention in acute spinal cord injury and post-operative neurological recovery." Acta Chir Orthop Traumatol Cech 79(3): 233-237.
	No adjustment for confounding by injury severity at baseline

	Mac-Thiong, J. M., D. E. Feldman, et al. (2012). "Does timing of surgery affect hospitalization costs and length of stay for acute care following a traumatic spinal cord injury?" J Neurotrauma 29(18): 2816-2822.
	No adjustment for confounding by injury severity at baseline

	McCarthy, M. J., S. Gatehouse, et al. (2011). "The influence of the energy of trauma, the timing of decompression, and the impact of grade of SCI on outcome." Evid Based Spine Care J 2(2): 11-17.
	Timing of decompression not ≤24 hours vs. >24 hours or not clearly defined

	McKinley, W., M. A. Meade, et al. (2004). "Outcomes of early surgical management versus late or no surgical intervention after acute spinal cord injury." Arch Phys Med Rehabil 85(11): 1818-1825.
	Unclear if all patients received surgical decompression

	McLain, R. F. and D. R. Benson (1999). "Urgent surgical stabilization of spinal fractures in polytrauma patients." Spine (Phila Pa 1976) 24(16): 1646-1654.
	Non-traumatic SCI; <80% with neurological deficit

	Mirza, S. K., W. F. Krengel, 3rd, et al. (1999). "Early versus delayed surgery for acute cervical spinal cord injury." Clin Orthop Relat Res 359: 104-114.
	Not the same patient population in the early vs. late groups

	Mouchaty, H., P. Conti, et al. (2006). "Assessment of three year experience of a strategy for patient selection and timing of operation in the management of acute thoracic and lumbar spine fractures: a prospective study." Acta Neurochir (Wien): discussion 1187.
	Non-traumatic SCI; <80% with neurological deficit

	Ng, W. P., M. G. Fehlings, et al. (1999). "Surgical treatment for acute spinal cord injury study pilot study #2: evaluation of protocol for decompressive surgery within 8 hours of injury." Neurosurg Focus 6(1).
	No comparison of early vs. delayed decompression

	Pakzad, H., D. M. Roffey, et al. (2011). "Delay in operative stabilization of spine fractures in multitrauma patients without neurologic injuries: effects on outcomes." Can J Surg 54(4): 270-276.
	Non-traumatic SCI; <80% with neurological deficit

	Papadopoulos, S. M., N. R. Selden, et al. (2002). "Immediate spinal cord decompression for cervical spinal cord injury: feasibility and outcome." J Trauma 52(2): 323-332.
	No comparison of early vs. delayed decompression

	Petitjean, M. E., H. Mousselard, et al. (1995). "Thoracic spinal trauma and associated injuries: should early spinal decompression be considered?" J Trauma 39(2): 368-372.
	No adjustment for confounding by injury severity at baseline

	Pointillart, V., M. E. Petitjean, et al. (2000). "Pharmacological therapy of spinal cord injury during the acute phase." Spinal Cord 38(2): 71-76.
	No comparison of early vs. delayed decompression

	Pollard, M. E. and D. F. Apple (2003). "Factors associated with improved neurologic outcomes in patients with incomplete tetraplegia." Spine (Phila Pa 1976) 28(1): 33-39.
	No adjustment for confounding by injury severity at baseline

	Prasad, V. S., J. V. Vidyasagar, et al. (1995). "Early surgery for thoracolumbar spinal cord injury: initial experience from a developing spinal cord injury centre in India." Paraplegia 33(6): 350-353.
	Timing of decompression not ≤24 hours vs. >24 hours or not clearly defined

	Rahimi-Movaghar, V., S. Saadat, et al. (2009). "The efficacy of surgical decompression before 24 hours versus 24 to 72 hours in patients with spinal cord injury from T1 to L1--with specific consideration on ethics: a randomized controlled trial." Trials 10(77): 1745-6215.
	Protocol

	Sacks, G. D., J. R. Panchmatia, et al. (2011). "The effect of operative timing on functional outcome after isolated spinal trauma." J Trauma 71(6): 1668-1672.
	Non-traumatic SCI; <80% with neurological deficit

	Sapkas, G. S. and S. A. Papadakis (2007). "Neurological outcome following early versus delayed lower cervical spine surgery." J Orthop Surg 15(2): 183-186.
	Timing of decompression not ≤24 hours vs. >24 hours or not clearly defined

	Schinkel, C., T. M. Frangen, et al. (2006). "Timing of thoracic spine stabilization in trauma patients: impact on clinical course and outcome." J Trauma 61(1):.156-160.
	Non-traumatic SCI; <80% with neurological deficit

	Schlegel, J., J. Bayley, et al. (1996). "Timing of surgical decompression and fixation of acute spinal fractures." J Ortho Trauma 10(5):323-330.
	Non-traumatic SCI; <80% with neurological deficit

	Stevens, E. A., R. Marsh, et al. (2010). "A review of surgical intervention in the setting of traumatic central cord syndrome." Spine J 10(10): 874-880.
	No adjustment for confounding by injury severity at baseline

	Tator, C. H., E. G. Duncan, et al. (1987). "Comparison of surgical and conservative management in 208 patients with acute spinal cord injury." Can J Neurol Sci 14(1): 60-69.
	Timing of decompression not ≤24 hours vs. >24 hours or not clearly defined 

	Tator, C. H., M. G. Fehlings, et al. (1999). "Current use and timing of spinal surgery for management of acute spinal surgery for management of acute spinal cord injury in North America: results of a retrospective multicenter study." J Neurosurg 91(1 Suppl): 12-18.
	No comparison of early vs. delayed decompression

	Tuli, S., J. Tuli, et al. (2007). "Hemodynamic parameters and timing of surgical decompression in acute cervical spinal cord injury." The journal of spinal cord medicine 30(5): 482-490.
	No comparison of early vs. delayed decompression

	Vale, F. L., J. Burns, et al. (1997). "Combined medical and surgical treatment after acute spinal cord injury: results of a prospective pilot study to assess the merits of aggressive medical resuscitation and blood pressure management." J Neurosurg 87(2): 239-246.
	No comparison of early vs. delayed decompression

	Vaccaro, A. R., R. J. Daugherty, et al. (1997). "Neurologic outcome of early versus late surgery for cervical spinal cord injury." Spine (Phila Pa 1976) 22(22): 2609-2613.
	Timing of decompression not ≤24 hours vs. >24 hours or not clearly defined

	Van Middendorp, J. J., G. Barbagallo, et al. (2012). "Design and rationale of a Prospective, Observational European Multicenter study on the efficacy of acute surgical decompression after traumatic Spinal Cord Injury: the SCI-POEM study." Spinal cord 50(9): 686-694.
	Protocol

	Wagner, F. C., Jr. and B. Chehrazi (1982). "Early decompression and neurological outcome in acute cervical spinal cord injuries." J Neurosurg 56(5): 699-705.
	Timing of decompression not ≤24 hours vs. >24 hours or not clearly defined

	Wilson, J. R., P. M. Arnold, et al. (2012). "Clinical prediction model for acute inpatient complications after traumatic cervical spinal cord injury: a subanalysis from the Surgical Timing in Acute Spinal Cord Injury Study." J Neurosurg Spine 17(1 Suppl): 46-51.
	No comparison of early vs. delayed decompression

	Wolf, A., L. Levi, et al. (1991). "Operative management of bilateral facet dislocation." J Neurosurg 75(6): 883-890.
	No adjustment for confounding by injury severity at baseline

	Yamazaki, T., K. Yanaka, et al. (2005). "Traumatic central cord syndrome: analysis of factors affecting the outcome." Surg Neurol 63(2): 95-99; discussion 99-100.
	Timing of decompression not ≤24 hours vs. >24 hours or not clearly defined


Exclusion rationale for studies included in van Middendorp (2013)
A systematic review and meta-analysis by van Middendorp was identified but did not meet the inclusion criteria for this review. Two of the 22 studies included in that review met the inclusion criteria for this report.4,5 Of the 20 that were excluded, four were excluded because they failed to define ‘early’ and ‘late’ treatment and/or used varied definitions of early and late.6-9 Five of the studies failed to adjust for confounding injury severity at baseline and were excluded.10-14 Seven of the citations van Middendorp included in their analysis were of the wrong study type or design,15-21 and four of the studies included poorly-defined populations or those not of interest to this report.22-25
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