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Abstract: Introduction: Early decompression within the first 24 hours after spinal cord injury (SCI) is proposed in current
guidelines. However, the possible benefits of earlier decompression are unclear. Thus, the present meta-analysis
aims to investigate the existing evidence regarding the efficacy of ultra-early decompression surgery (within 12
hours after SCI) in improving patients’ neurological status. Methods: A search was performed in Medline, Em-
base, Scopus and Web of Science electronic databases, until the end of August 2021. Cohort studies and clinical
trials were included in the present study. Exclusion criteria were absence of an early or late surgery group, fail-
ure to report neurological status based on the American spinal injury association impairment scale (AIS) grade,
failure to perform the surgery within the first 12 hours after SCI, and duplicate reports and review articles. Two
independent reviewers performed data collection, and risk of bias and certainty of evidence assessments. The
outcome was reported as odds ratio (OR) and 95% confidence interval (CI). Results: Data from 16 articles, which
studied 868 patients, were included. Compared to early or late decompression surgery, ultra-early decompres-
sion surgery significantly improves patients’ neurological status (OR = 2.25; 95% CI: 1.41 to 3.58). However,
ultra-early surgery in thoracolumbar injuries is not significantly more effective than early to late surgery. More-
over, ultra-early surgery in patients with a baseline AIS A increases the chance of neurologic resolvent up to 3.86
folds (OR=3.86; 95% CI: 1.50 to 9.91). Contrastingly, ultra-early surgery does not result in significant improve-
ment compared to early to late surgery in patients with AIS B (OR = 1.32; 95% CI: 0.51 to 3.45), AIS C (OR = 1.83;
95% CI: 0.72 to 4.64), and AIS D (OR = 0.99; 95% CI: 0.31 to 3.17). Conclusion: Current guidelines emphasize
that spinal decompression should be performed within 24 hours after SCI, regardless of injury severity and loca-
tion. However, results of the present study demonstrated that certain considerations may be taken into account
when performing decompression surgery: 1) in patients with AIS A injury, decompression surgery should be
performed as soon as possible, since its efficacy in neurological improvement is 3.86 folds higher in the first 12
hours after injury. 2) ultra-early decompression surgery in patients with cervical injury is more effective than in
patients with thoracic or lumbar injuries. 3) postponing decompression surgery to 24 hours in SCI patients with
AIS B to D does not significantly affect the neurological outcome.
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1. Introduction

Spinal cord injuries (SCIs) are one of the most debilitating

traumas, for which there is no definitive cure. Furthermore,

the risk of premature death in SCI patients is five times higher

than that of healthy people. Statistics show that in 2016,

about one million people suffered from SCI. as a result, SCI

is responsible for a considerable proportion of the burden of

trauma accidents (1).

Current therapies for SCI are surgical interventions and phar-

macological treatments. Spinal decompression surgery is

the most important surgical intervention within the first 24

hours after the injury (2).

Current guidelines demonstrate that surgical decompression

within the first 24 hours improves six-month outcome in

the patients, regardless of the level of SCI (2). Although

these guidelines emphasize performing surgical decompres-

sion within the first 24 hours, the efficacy of ultra-early de-

compression surgery within the first 12 hours after SCI is yet

to be determined. In this regard, in 2020, a meta-analysis

showed that ultra-early decompression surgery can result in

significant neurological improvement in SCI patients. How-

ever, the meta-analysis did not consider the severity and the

location of the injury (3). Another meta-analysis depicted

that ultra-early surgery within the first 8 hours, improves

neurological status of the patients with complete SCI, but it

is not significantly effective in patients with partial injury (4).

Moreover, a meta-analysis performed in 2016 demonstrated

that surgical decompression in the first 12 hours after injury

may lead to a neurological improvement of up to 74%, while

surgical decompression in the first 24 hours results in a neu-

rological improvement of up to 25% (5).

Nevertheless, ultra-early decompression surgery following

SCI encounters a number of challenges. As one of the most

important limitations, performing the surgery within the first

8 to 12 hours is usually impossible, because of the delay in

transporting the patients to medical facilities and preparing

them for the surgery. However, if enough evidence supports

the superiority of ultra-early decompression surgery to early

decompression injury, in terms of efficacy in neurological

improvement, current guidelines may be reconsidered. Yet,

lack of consensus over the matter withholds a general con-

clusion regarding the efficacy of ultra-early decompression
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surgery in SCI patients. As a result, the present meta-analysis

gathered existing evidence comparing the efficacy of ultra-

early surgery (within 12 hours) with early (within 24 hours)

and late (after 24 hours) decompression surgery. Moreover,

the efficacy of ultra-early surgery in different severities of SCI

was also assessed.

2. Method

2.1. Study design

The present study is a systematic review and meta-analysis

designed based on the PRISMA 2020 guidelines, performed

to gather the existing evidence regarding the efficacy of ultra-

early surgery (within the first 12 hours after SCI) in humans.

The protocol of the present study has not been previously

registered and published in its current form.

2.2. Eligibility criteria

PICO, in the current study, was defined as patients with trau-

matic SCI (P or patients) who underwent ultra-early decom-

pression surgery (I or intervention). Comparison (C) was

made with early (surgery within 24 hours) and late (surgery

after 24 hours) decompression surgery performed on SCI pa-

tients. Finally, the evaluated outcome (O) was neurological

improvement based on the American Spinal Injury Associa-

tion (ASIA) impairment scale (AIS) grade. Therefore, cohort

and clinical trials were selected to enter the present study.

Furthermore, exclusion criteria were lack of an early or late

surgery group, failure to define an exact cut-off time point as

the definition of ultra-early, failure to report the neurologi-

cal status of the patients based on the AIS grades, failure to

perform the surgery within the first 12 hours after the injury,

duplicate reports, and review articles.

2.3. Search strategy

The systematic search was performed in Medline, Embase,

Scopus, and Web of Science electronic databases until the

end of August 2021. Search strategy and the selected key-

words for Medline database are depicted in Appendix 1. In

addition to the systematic search, a manual search was con-

ducted in google and google scholar search engines. More-

over, references of the related articles were screened to find

additional articles.

2.4. Data collection

Two independent reviewers screened titles and abstracts of

the articles and gathered full texts of the related ones. Then,

the gathered full texts were thoroughly studied and com-

pletely related articles were selected. Afterwards, each of the

reviewers extracted required data using a checklist on the Ex-

cel program. The data included name of the first author,

date of publication, country, study type and design, defini-
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tion of ultra-early group, definition of late surgery group, lo-

cation of injury, severity of injury based on AIS grade, defi-

nition of neurological improvement, age and gender distri-

bution of samples, number of neurological improvements

in ultra-early and late surgery, number of not-improved pa-

tients, and follow-up duration. Any disagreements were re-

solved through discussion with a third reviewer.

2.5. Quality assessment of included papers

Since the included studies were either cohort or clinical trials,

the quality assessment of the studies were performed based

on the guidelines of the National Heart, Lung, and Blood in-

stitute (NHLBI) risk of bias assessment tool (6). Moreover,

risk of bias of the clinical trials was assessed using Cochrane

guidelines (7). Scoring and assessing the risk of bias based on

the NHLBI guidelines have been previously discussed (8).

2.6. Evaluated outcomes

The evaluated outcome was improvement of the neurolog-

ical status of the patients following surgical decompression

based on the AIS grades. This scale is a five-point scoring

scale, covering complete sensory-motor injury (AIS A) to nor-

mal status (AIS E). The reason for selecting AIS scoring sys-

tem was that even one point improvement based on this

scale is considered as a clinically significant improvement

and a sign of decrease in inflammation (9).

2.7. Certainty of evidence

The level of evidence was scored based on the Grading of

Recommendations, Assessment, Development and Evalua-

tions (GRADE) criteria (10). The level of evidence of each

study was scored by two independent researchers based on

the existence of risk of bias, imprecision, indirectness, incon-

sistency, and publication bias.

2.8. Data synthesis and statistical analysis

The cut-off point used to define the ultra-early surgery var-

ied between four to 12 hours after the injury. Since most of

the previous articles defined ultra-early as eight or 12 hours

after the injury, the 12 hours cut-off point was adopted as the

definition of ultra-early surgery in the present study. Data

were recorded as number of improved and non-improved

cases in ultra-early (surgery within 12 hours), early (surgery

within 24 hours), and late (surgery after 24 hours) groups.

Some studies reported the outcome of surgery after 12 hours

as a whole and did not discriminate early and late surgeries.

Therefore, the efficacy of ultra-early decompression surgery

in promoting neurological recovery was compared with early

to late surgery in a pooled analysis. Furthermore, data were

recorded with respect to AIS grades.

Data were entered to STATA 17.0 statistical program, and the

analyses were performed using Meta command. Since the

study design and the evaluated SCI severity differed between

the studies, researchers in the present study adopted the ran-

dom effect model analysis. Heterogeneity and publication

bias were assessed using I2 test and Egger’s test, respectively.

The efficacy of ultra-early decompression surgery in promot-

ing neurological recovery was reported as a pooled odds ra-

tio (OR) and 95% confidence interval (CI). In addition, sub-

group analyses were performed based on the injury loca-

tion, injury severity, and the cut-off time point for each (early

surgery and late surgery). Since age and follow-up time vari-

ations were possible confounding factors, a meta-regression

was performed to evaluate the possible effects of these con-

founding factors.

3. Results

3.1. Study flow and characteristics of included
studies

The systematic search yielded 4328 non-duplicate records.

After reviewing the articles, 32 possibly related articles were

selected, among which 16 studies were included in the

present systematic review and meta-analysis (11-26). The

reasons for exclusion were failure to evaluate neurological

status based on the AIS/Frankel grade (n=5), duplicate re-

ports (n=3), lack of an ultra-early surgery group, failure to de-

fine a distinct cut-off point for ultra-early surgery (n=1), and

review articles (n=5) (Figure 1).

12 articles were retrospective cohorts, three studies were

prospective cohort, and one study was clinical trial. The

studies included data from 868 patients (429 patients in

ultra-early surgery group and 439 patients in early to late

surgery group). Injury location was cervical in 12 studies,

thoracolumbar in two studies, and all areas of the spinal cord

in two other studies. Injury severity based on the AIS grades

were between A to D. Ultra-early was defined as within eight

hours after SCI in eight studies and within 12 hours after SCI

in five other studies. A cut-off point of four, five, and six hours

after the SCI was defined as the definition of ultra-early in

one study each. Early surgery (within 24 hours) was reported

in five studies, and the other studies combined the data from

early and late surgery and the comparison was made be-

tween the numbers from ultra-early surgery and that of the

early and late surgeries, combined.

Follow-up period varied between six (in nine studies) to 68

months. Recovery was defined as at least one grade improve-

ment based on the AIS score. Table 1 shows the included data

in the present study.

3.2. Effect of ultra-early decompression injury
on neurological status of SCI patients

Overall pooled analysis, regardless of the injury severity, in-

jury location, and the group selected for comparison (early
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or late surgery) demonstrated that the chances of recovery in

patients undergoing ultra-early surgery was 2.19 times higher

than that of patients undergoing decompression surgery af-

ter 12 hours after injury (OR = 2.19; 95% CI: 1.44, 3.33; I2 =

49.51%) (Figure 2).

Subgroup analysis demonstrated that ultra-early surgery was

significantly more effective than early to late surgery in im-

proving neurological status of the patients experiencing a

cervical injury (OR = 2.25; 95% CI: 1.41 to 3.58; I2 = 41.25%).

However, ultra-early surgery did not show a significantly su-

perior efficacy in thoracolumbar injuries, in comparison with

early to late surgeries (Figure 3).

It is noteworthy that ultra-early surgery is not more effective

than early surgery (within 24 hours after SCI), and the ob-

served neurological status recovery was similar in both surg-

eries. (OR = 1.87; 95% CI: 0.92 to 3.83; I2 = 50.85%). How-

ever, the observed efficacy of ultra-early surgery in neurolog-

ical recovery was significantly higher than that of early to late

surgery (OR = 2.30; 95% CI: 1.40 to 3.77; I2 = 42.14%) (Figure

4).

3.3. Effect of ultra-early decompression surgery
on neurological status based on baseline AIS
score

As a sensitivity analysis, the efficacy of ultra-early decom-

pression surgery based on the baseline AIS score was eval-

uated. The results demonstrated that ultra-early surgery in

patients with a baseline AIS of A can increase the chances of

neurological recovery up to 3.86 times (OR = 3.86; 95% CI:

1.50 to 9.91; I2 = 46.25%). Nevertheless, ultra-early surgery

was not significantly more effective than early to late surgery

in patients with AIS B (OR = 1.32; 95% CI: 0.51 to 3.45; I2 =

0.00%), AIS C (OR = 1.83; 95% CI: 0.72 to 4.64; I2 = 0.00%),

and AIS D (OR = 0.99; 95% CI: 0.31 to 3.17; I2 = 0.00%) (Figure

5).

3.4. Meta-regression

Since the mean age and follow-up period were diverse among

the studies, a meta-regression was performed with respect

to the two variables. The meta-regression demonstrated that

the mean age of patients at the time of SCI (meta-regression

coefficient = 0.033; p = 0.175) and follow-up time (meta-

regression coefficient = -0.002; p = 0.874) were not associated

with the efficacy of ultra-early decompression surgery in pro-

moting neurological recovery. Moreover, the meta-regression

depicted that ultra-early decompression surgery within the

first 12 hours is as effective as when it is performed earlier

(meta-regression coefficient = 0.100; p = 0.208) (Figure 6).

3.5. Risk of bias assessment

15 cohorts and one clinical trial were included in the present

study. Risk of bias of the one clinical trial was low. More-

over, risk of bias assessment of the cohort studies based on

NHLBI tool showed that in terms of sufficiency of time frame,

the status could not be determined in two studies (signal-

ing question 7). Furthermore, judgment regarding rate of

loss to follow-up was not possible in five studies (signaling

question 13). Based on the presence of these two fatal errors

among the studies, the overall risk of bias in the five stud-

ies was scored as high. Also, some risk of bias was found in

eight studies, since blinding status and sample size justifica-

tion were not provided. Risk of bias was considered low in

two studies (Table 2).

3.6. Publication bias

Egger’s test showed no evidence of publication bias among

the studies. As depicted in Figure 7, no publication bias ex-

isted in the evaluation of the efficacy of ultra-early decom-

pression in improvement of neurological status overall and

in various AIS grades.

3.7. Certainty of evidence

According to the GRADE’s protocol, the overall level of evi-

dence is low in observational studies. Since there is a possi-

ble risk of bias in the present study, one point was deducted

from the GRADE score in all outcomes. However, due to the

existence of a large magnitude of effect and possible plausi-

ble confounders, which increase the confidence of findings,

the overall level of evidence was increased and became mod-

erate. Table 3 provides details of our judgments regarding the

certainty of evidence.

4. Discussion

Moderate level of evidence demonstrated that ultra-early de-

compression surgery within the first 12 hours after SCI may

improve neurological recovery in patients with cervical SCI

with an AIS grade of A. The analyses showed that in compari-

son with early to late surgery, the ultra-early surgery does not

result in a significantly higher efficacy in other severities of

SCI (AIS B to D). Although conflicting results were reported

in different studies regarding the prognostic effects of base-

line AIS score on the treatment success of spinal decompres-

sion surgery (27-30), results of the present study showed that

in comparison with early and late surgery, ultra-early surgi-

cal decompression can promote neurological recovery in AIS

A patients. In these patients, whom are encountered with

complete sensory-motor injury, the spinal cord is experienc-

ing devastating pressure. As result, promptly eliminating this

pressure may prevent further secondary injuries responsible

for a considerable amount of damage following SCI. Hence,

this may be the reason behind the observed efficacy of ultra-

early early surgery only in AIS A patients. Accordingly, re-

searchers of the present study recommend that ultra-early
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decompression surgery be performed as soon as possible in

patients with complete sensory-motor injury. Current treat-

ment guidelines emphasize that decompression injury be

performed within the first 24 hours, regardless of the injury

severity and location. However, current evidences suggest

that when performing decompression surgery, certain con-

sideration may be taken into account. These considerations

include: 1) in patients with AIS A injury, decompression in-

jury may/should be performed as soon as possible, as it can

enhance the chance of neurological recovery to up to 3.86

times. 2) ultra-early decompression surgery is more effec-

tive in cervical SCI patients compared to thoracic and lum-

bar SCI patients. 3) delaying decompression surgery until

24 hours in patients with AIS B to D SCI does not signifi-

cantly affect the final neurological outcome. 4) different cut-

off points were defined for ultra-early decompression injury

among the studies, ranging from four to 12 hours. Meta-

regression demonstrated that performing ultra-early decom-

pression surgery within a time frame of 12 hours after the

injury is as effective as when performed within sooner time

points. Therefore, a 12-hour time window after SCI maybe

considered as an appropriate definition of performing ultra-

early surgery. This definition can promote the possibility of

performing ultra-early surgery. One of the limitations of the

present study was the small number of the articles evalu-

ating the results of decompression surgery in thoracic and

lumbar spine injuries. Only two studies researched the ef-

fects of ultra-early decompression surgery in these patients,

which may deduct the power of the performed analyses. As

a result, it is recommended that future studies be performed

evaluating the effects of ultra-early decompression surgery in

patients with lumbar and thoracic SCIs. another limitation

of the current study was that only one clinical trial was in-

cluded. In addition, due to the observational nature of the in-

cluded studies and the analyses being uncontrolled for possi-

ble confounding factors, further clinical trials are encouraged

to be performed to overcome the existing limitations.

5. Conclusion

The present meta-analysis, performed on 15 cohorts and one

clinical trial, demonstrated that ultra-early decompression

surgery within the first 12 hours following SCI in patients

with an AIS A injury and/or a cervical SCI may be more

effective than surgeries performed after the first 12 hours

following SCI in promoting neurological recovery. The effi-

cacy of the ultra-early intervention in lumbar and thoracic

injuries or less severe injuries (AIS B to D) was not proven in

the present study; therefore, further clinical trials are needed

in this regard.

Appendix 1 (("Decompression, Surgical"[mh] OR "Laminec-

tomy"[mh] OR "Spine/surgery"[mh] OR Decompres-

sion*[tiab] OR Laminectomy[tiab]) AND ("Time Fac-

tors"[mh] OR "Time-to-Treatment"[mh] OR Early[tiab]

OR Immediate[tiab] OR Ultra-early[tiab] OR Ultra early[tiab]

OR Very early[tiab] OR 8-hour[tiab] OR eight hours[tiab]

OR eight-hour [tiab] OR 12-hour[tiab] OR 12 hours[tiab] OR

twelve hours[tiab] OR twelve-hour[tiab])) AND ("spinal cord

injuries"[mh] OR spinal cord injury [tiab] OR spinal cord

injuries [tiab] OR spinal cord contusion [tiab] OR spinal cord

transection [tiab] OR injured spinal cord [tiab] OR traumatic

central cord syndrome [tiab])
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Table 1: Summary of included papers

Study Design Ultra-
early

defini-
tion*

Late
definition*

Injury
location

Follow-
up

(months)

Severity Score Improvement
definition

Mean
age

(years)

No. of
males

No. of
ultra-
early

No.
of

late

Aarabi,
2017; USA

R-C 12 >12 Cervical 6 A-C AIS at least 1
grade

39.5 89 51 49

Aarabi,
2020; USA

R-C 12 12-24; >24 Cervical 6 A-C AIS at least 1
grade

46 60 32 40

Biglari,
2016; Ger-
many

P-C 4 4 to 24 All levels 6 A-C AIS at least 1
grade

43.37 40 29 22

Burke,
2019; USA

R-C 12 12-24; >24 Cervical NR A-C AIS at least 1
grade

56.5 38 18 30

Cengiz,
2008;
Turkey

RCT 8 >72 Th2-L2 14.5 A-C AIS at least 1
grade

41.4 18 12 15

Dobran,
2015; Italy

P-C 12 12 to 72 Cervical 24 A-D AIS at least 1
grade

50.2 44 27 30

Gaebler.,
1999; Aus-
tria

R-C 8 >8 Thoracic-
lumbar

68 A-D Frankel at least 1
grade

32.6 56 24 43

Grassner,
2016; Ger-
many

R-C 8 >8 Cervical 12 A-D AIS at least 1
grade

51 59 35 35

Jug, 2015;
Slovenia

P-C 8 8 to 24 Cervical 6 A-C AIS at least 1
grade

47.3 34 22 20

Lee, 2018;
Korea

R-C 8 8 to 24 All levels 6 A-C AIS at least 1
grade

48 35 26 30

Mattiassich,
2017; Aus-
tria

R-C 5 5 to 24 Cervical 6 A-D AIS at least 1
grade

50 38 33 16

McCarthy,
2011; Aus-
tralia

R-C 8 >8 Cervical 6 A-D AIS at least 1
grade

NR 31 17 25

Nagata,
2016;
Japan

R-C 6 6 to 11 Cervical 13.8 A-B AIS at least 1
grade

54 28 21 9

Nasi,
2019; Italy

R-C 12 12 to 48 Cervical 12 A-D AIS at least 1
grade

57.8 58 40 41

Tsuji,
2019;
Japan

R-C 8 >8 Cervical 6 A-D AIS at least 1
grade

71.8 35 10 23

Wutte,
2020; Ger-
many

R-C 8 >8 Cervical 12 A-D AIS at least 1
grade

48.7 34 32 11

NR: Not reported; P-C: Prospective cohort; RCT: Randomized clinical trial; R-C: Retrospective cohort; AIS: American Spinal Injury
Association impairment scale.
*, hours after spinal cord injury.
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Table 2: Risk of bias assessment of included studies

Study Q1 Q2 Q3* Q4 Q5 Q6* Q7* Q8 Q9 Q10 Q11* Q12 Q13* Q14 Overall
Cohort studies according to NHLBI tool
Arabi, 2017 Yes Yes Yes Yes NR Yes Yes No Yes NA Yes NR CD NA High

risk
Arabi, 2020 Yes Yes Yes Yes NR Yes Yes Yes Yes NA Yes NR CD NA High

risk
Biglari, 2016 Yes Yes Yes Yes NR Yes Yes Yes Yes NA Yes NR CD NA High

risk
Burke, 2019 Yes Yes Yes Yes NR Yes CD Yes Yes NA Yes NR CD NA High

risk
Dobran, 2015 Yes Yes Yes Yes NR Yes Yes No Yes NA Yes NR Yes NA Some

concern
Gaebler., 1999 Yes Yes Yes Yes NR Yes Yes Yes Yes NA Yes NR Yes NA Some

concern
Grassner, 2016 Yes Yes Yes Yes NR Yes Yes Yes Yes NA Yes NR Yes NA Some

concern
Jug, 2015 Yes Yes Yes Yes NR Yes Yes Yes Yes NA Yes Yes Yes NA Low risk
Lee, 2018 Yes Yes Yes Yes NR Yes Yes No Yes NA Yes NR Yes NA Some

concern
Mattiassich, 2017 Yes Yes Yes Yes NR Yes Yes Yes Yes NA Yes NR Yes NA Some

concern
McCarthy, 2011 Yes Yes Yes Yes NR Yes Yes No Yes NA Yes NR Yes NA Some

concern
Nagata, 2016 Yes Yes Yes Yes NR Yes Yes No Yes NA Yes NR CD NA High

risk
Nasi, 2019 Yes Yes Yes Yes NR Yes Yes Yes Yes NA Yes NR Yes NA Some

concern
Tsuji, 2019 Yes Yes Yes Yes NR Yes CD Yes Yes NA Yes NR Yes NA High

risk
Wutte, 2020 Yes Yes Yes Yes NR Yes Yes Yes Yes NA Yes Yes Yes NA Low risk

D1 D2 D3 D4 D5
Clinical trial according Cochrane risk of bias assessment tool
Cengiz, 2008 Low Low Low Low Low – – – – – – – – – Low risk
Q: Signaling question; D: Domain; NR: Not reported; NA: Not applicable; CD: Cannot determine.
*, Any concern in these questions were considered as fetal error.
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Table 3: Level of evidence by outcome

Outcome Sample
size

Risk of
bias

Imprecision Inconsistency
(I2 range)

Indirectness Publication
bias

Judgment and level of
evidence

Level of
evidence

Overall neuro-
logical status

868 Serious Not serious Not serious Not serious Not
serious

Rated down 1 point: -
Serious risk of bias Rated

up 2 points: - Large
magnitude of effect -
Presence of plausible

confounders*

Moderate.
ª⊕⊕

Neurological
status based
on location of
injury

868 Serious Not serious Not serious Not serious Not
serious

Rated down 1 point: -
Serious risk of bias Rated

up 2 points: - Large
magnitude of effect -
Presence of plausible

confounders*

Moderate.
ª⊕⊕

Neurological
status based
on definition
of late surgery

868 Serious Not serious Not serious Not serious Not
serious

Rated down 1 point: -
Serious risk of bias Rated

up 2 points: - Large
magnitude of effect -
Presence of plausible

confounders**

Moderate.
ª⊕⊕

Neurological
status based
on severity of
injury

640 Serious Not serious Not serious Not serious Not
serious

Rated down 1 point: -
Serious risk of bias Rated

up 2 points: - Large
magnitude of effect -
Presence of plausible

confounders*

Moderate.
ª⊕⊕

*, Since most of the studies had assessed cervical spinal cord patients, the authors decided that there are possible plausible
confounders, which increase the confidence of findings.
**, Since late group compromise surgery after 12 hours (rather than 24 hours) in the most included studies, the authors decided that
there are possible plausible confounders, which increase the confidence of findings.
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Figure 1: PRISMA flow diagram of the current review.
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Figure 2: Overall pooled analysis for assessment of ultra-early surgery (< 12 hours) versus early to late surgery (>12 hours) in improvement of

neurological status. Neurological improvement was defined as at least 1 grade improvement in American Spinal Injury Association impairment

scale (AIS) grade.
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Figure 3: Subgroup analysis for assessment of ultra-early surgery (< 12 hours) versus early to late surgery (>12 hours) in improvement of

neurological status based on the level of injury. Neurological improvement was defined as at least 1 grade improvement in American Spinal

Injury Association impairment scale (AIS) grade.
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Figure 4: Comparison of ultra-early surgery (< 12 hours) and early to late surgery (including surgery within 24 hours and afterwards) in im-

provement of neurological status. Neurological improvement was defined as at least 1 grade improvement in American Spinal Injury Associa-

tion impairment scale (AIS) grade.
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Figure 5: Effectiveness of ultra-early surgery (< 12 hours) in improvement of neurological status based on baseline American Spinal Injury

Association impairment scale (AIS) grade. Neurological improvement was defined as at least 1 grade improvement in AIS grade.
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Figure 6: Effectiveness of ultra-early surgery (< 12 hours) in improvement of neurological status based on mean age of patients, follow-up

duration, and timing of surgery.
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Figure 7: Publication bias assessment of included studies based on AIS grade. AIS: American Spinal Injury Association (ASIA) impairment

scale grade.
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