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Spinal cord injury; ical recovery in patients with acute spinal cord injury.
Early decompression; Methods: A systematic review was performed according to the PRISMA protocol to identify
ASIA scale; studies published up to December 2022.
Neurological injury Prospective cohort studies and controlled trials comparing early versus delayed decompres-

sion on neurological recovery were included. Variables included number of patients, level
of injury, treatment time, ASIA grade, neurological recovery, use of corticosteroids, and
complications. For the meta-analysis, the ‘‘forest plot’’ graph was developed. The risk of bias
of the included studies was assessed using the ROBINS-122 and Rob223 tools.
Results: Six of the seven studies selected for our review were included in the meta-analysis,
with a total of 1188 patients (592 patients in the early decompression group and 596 in the
delayed decompression group), the mean follow-up was 8 months, in 5 studies used methyl-
prednisolone, the most reported complications were thromboembolic cardiopulmonary events.
Five studies showed significant differences in favour of early decompression (risk differ-
ence 0.10, 95% confidence interval 0.07-0.14, heterogeneity 46%). The benefit was greatest
in cervical and incomplete injuries.
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PALABRAS CLAVE
Lesion medular
aguda;
Traumatismo
raquimedular;
Descompresion
precoz;

Escala de ASIA;
Lesion neurologica

Introduction

Conclusion: There is scientific evidence to recommend early decompression in the first 24h
after traumatic spinal cord injury, as it improves final neurological recovery, and it should be
recommended whenever the patient and hospital conditions allow it to be safely done.

© 2023 SECOT. Published by Elsevier Espafa, S.L.U. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Eficacia de la descompresion medular precoz versus tardia en la recuperacion
neurolégica tras lesion medular traumatica. Revisién sistematica y metaanalisis

Resumen

Diseno de estudio: Revision sistematica y metaanalisis.

Objetivo: Comparar descompresion medular precoz (<24h) versus tardia (>24h) en la recu-
peracion neurologica de pacientes con lesion medular aguda.

Métodos: Se realizd una revision sistematica segln el protocolo de PRISMA para identificar
estudios publicados hasta diciembre de 2022.

Se incluyeron solo estudios de cohorte prospectivos y ensayos controlados que comparan

la descompresion precoz versus tardia en la recuperacion neuroldgica. Como variables se
incluyeron el nimero de pacientes, el nivel lesionado, el tiempo de tratamiento, el grado
de ASIA, la recuperacion neurologica, el uso de corticoesteroides y las complicaciones. Para el
metaanalisis se desarrollo el grafico «forest plot». El riesgo de sesgo de los estudios incluidos
se evaluo utilizando la herramienta ROBINS-122 y Rob223.
Resultados: Seis de los 7 estudios seleccionados para nuestra revision fueron incluidos en el
metaanalisis, con un total de 1.188 pacientes (592 pacientes en el grupo de descompresion
precoz y 596 en el grupo de descompresion tardia), el promedio de seguimiento fue de 8 meses,
en 5 estudios utilizaron metilprednisolona, las complicaciones mayormente reportadas fueron
los eventos cardiopulmonares tromboembdlicos.

Cinco estudios mostraron diferencias significativas a favor de la descompresion precoz (difer-
encia de riesgo: 0,10; intervalo de confianza del 95%: 0,07-0,14 y heterogeneidad: 46%). El
beneficio fue mayor en las lesiones cervicales e incompletas.

Conclusiones: Existe evidencia cientifica para recomendar la descompresion precoz en las
primeras 24 h tras la lesion medular traumatica al mejorar la recuperacion neuroldgica final,
y debe recomendarse siempre que las condiciones del paciente y el hospital permitan hacerlo
con seguridad.

© 2023 SECOT. Publicado por Elsevier Espaiia, S.L.U. Este es un articulo Open Access bajo la
licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

in terms of neurological recovery. However, this is also
impacted by the affected region (cervical, thoracic) and

The rate of traumatic spinal cord injury in developed coun-
tries has remained stable during the last decade at 26.5
cases per 1,000,000 inhabitants.'

In Spain traffic accidents are the most common cause,
with significant increase in cervical spinal cord injuries
caused by minimal trauma in advanced aged patients. Men
continue to be the most affected and account for 75% of
total patients.?

There is increasing tendency to perform early decom-
pression and stabilisation of the spine and spinal cord, since
this is a safe procedure which reduces mortality, spinal cord-
associated complications and days of hospital admission.3
Despite this, in Spain, only 28% of patients undergo surgery
during the first 24h after injury, with major variability
between services and hospitals.?

Controversy exists as to whether early decompression is
associated with a neurological improvement. Some studies
suggest that early decompression would be more effective

by the level of injury (incomplete, complete).* Due to
ethical and legal problems, it is very difficult to conduct
quality randomised studies on the emergency or non-
emergency treatment of these injuries. The few, existing,
well-designed studies, and those conducted with animals,
suggest that early decompression is associated with an
improvement in the neurological result.’

In general, and by consensus, *‘early decompression’’ has
been defined as that which takes place during the first 24 h
after a spinal cord injury,® although some authors speak of
greater effectiveness in ‘‘ultra early’’ decompression within
the first 8h. However, this is very difficult to achieve in
standard clinical practice.”?

The aim of our study was to assess the efficacy
of early spinal cord decompression (under 24h) versus
late decompression (over 24h) in the neurological recov-
ery of adult patients with acute traumatic spinal cord
injury.
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Methods

A systematic review of the medical literature was performed
according to the PRISMA protocol, with a search of the Med-
line (Pubmed), EMBASE, Cochrane library and Google Scholar
databases to identify studies on the subject, published up
until December 2022.

The following terms were used for the search: ‘‘spinal
cord injury’’ combined with others such as ‘‘early surgery’’,
*‘late surgery’’, ‘*American spinal injury association impair-
ment’’, with synonyms and filters in the previous mentioned
search engines (see additional material).

The PICO (population, intervention, comparison, out-
come) acronym was used to structure the systematic search:

- Population: Adults with complete and incomplete trau-
matic spinal cord injury at any level (cervical, thoracic
and/or lumbar).

- Intervention: early decompression surgery (under 24h).

- Comparison: late decompression surgery (over 24 h).

Neurological outcomes according to the American Spinal
Injury Association (ASIA) scale.’

Studies published in any language, in humans, with an
abstract and full text were considered for inclusion. Only
prospective cohort and randomised studies which compared
early versus late decompression were sought and included
in the review.

Retrospective, case studies, control studies, case series
and case reports were excluded.

Studies which used surgical methods for decompression
of the spinal cord and which presented efficacy or effective-
ness outcomes in final neurological recovery using the ASIA’
scale were sought.

The parameter of a clinically significant improvement in
the neurological outcome was improvement of 2 grades or
more on this scale between the outset and final situation,
as suggested by several authors.'% "

Study selection

The literature review was performed by 2 medical
researchers (JG and GCW). After the initial search and fil-
ter selection, the final articles were selected by a group of
doctors with experience in the treatment of patients with
spinal cord injury (AB, LR and MP) following the quality
article selection protocols,'”'* reading and analysing the
full articles of the relevant studies according to the chosen
inclusion criteria. The final decision regarding the inclusion
of the works was resolved through discussion among the
entire group of authors of this study.

Statistical analysis

Data from the included studies were saved and summarised
through the Review Manager (RevMan) programme, version
5.4.1, Cochrane collaboration 2020. Statistical heterogene-
ity was evaluated with the 1,2 with the fixed-effect model.
The forest plot was used for the studies included in the meta-
analysis, and visual inspection of the symmetry of the funnel
plot, together with the Egger test, were used to assess

publication bias. The Egger test was performed using the
‘‘metafor’’ package of the R computer programme.

Results

With our search strategy, 120 references were located.
Ninety-nine were excluded based on their title and/or
abstract and 21 were selected for full text reading. After
excluding previous systematic reviews, there were 7 final
articles that met the inclusion criteria (Fig. 1), 5 of
them being prospective cohort studies>'° and 2 controlled
trials.?0?’

From the 7 included studies, data were extracted on
the total number of patients; the injury level; the num-
ber of patients undergoing early decompression; the number
of patients undergoing late decompression; the number of
patients according to pre- and postoperative ASIA subgroups;
the percentage of neurological recovery (primary objec-
tive); follow-up time; steroid regimen received or not, and
complications (Tables 1 and 2).

All articles were critically assessed, also including their
levels of evidence and risk of bias with the tool known as
Risk Of Bias In Non-Randomised Studies - of Interventions
(ROBINS-1)?? for observational studies and Rob2?® (version 2
of Cochrane risk-of-bias tool for randomised trials) for con-
trolled clinical trials. We included two studies with level of
evidence type II,'®?%! the remaining five studies with level of
evidence type Ill.

Of the 6 studies included in the meta-analysis, 5 studies
showed significant differences in favour of early decompres-
sion. The benefit was greater in cervical and incomplete
injuries.

Steroid usage

In 5 studies, steroids were used within 24 h after the injury
according to the NASCIS-1I protocol (Table 2). Three of these
studies used it systematically,’®?%?" 2 used it according to
the criteria of the treating team,'®'° one study did not use
it'"® and one study did not include this criterion.

Follow-up

Only 3 of the selected studies had a follow-up of at least 12
months.'®2%2! One of the studies reported follow-up divid-
ing into average hospital duration and average rehabilitation
duration with no differences between early and late surgery
groups'’ and one study did not report long-term or final neu-
rological follow-up, arguing that the objective of the work
was to study improvement of acute and sub-acute motor
activity produced between time of injury and 6 months after
the injury."

Sample sizes varied among the 7 studies, with the small-
est being 35 patients?® and the largest 888 patients."

The seven selected studies assessed the neurological
function using the ASIA scale. All, except one'® included both
complete and incomplete spinal cord injuries.
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Table 1

Statistical analysis of studies included.

Author (year) Type of study

Spinal region

Early decompression
(N)

Late decompression
(N)

Follow-up (months)

Outcomes

Fehlings et al. (2012) Prospective cohort

Wilson et al. (2012)  Prospective cohort

Randomised
prospective study

Rahimi-Movaghar
et al. (2014)

Cervical

Cervical-thoracic

Thoracic lumbar

131

35

16

91

49

Hospital stay 24.8
(£29.2) days.
Rehabilitation 89.6
(+47.4) days.

12

Better neurological outcome in
the early decompression group
>1 improvement grade.
ORadj (95% Cl)

1.37 (.80-2.57); p=.31

>2 improvement grades.
ORadj (95% Cl)

2.83 (1.10-7.28); p=.03
Better neurological outcome
and motor recovery in early
decompression

Non-adjusted RR (95% CI)

>1 improvement grade

1.15 (95% Cl: .48-2.79);
p=.7499

>2 improvement grades

4.45 (.48-41.0)

General improvement in the
neurological outcome in both
groups: early and late.

RR (95% Cl)

>1 improvement grade

.85 (.33-2.16)

>2 improvement grades

3.56 (.41-30.99)

9€61-#761 ($207) 89 ei3oj03eWnNeY] A BOIP2dolIQ BISNILD Sp Bloyeds] eIsIAdY
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Table 1 (Continued)

Author (year)

Type of study

Spinal region

Early decompression
(N)

Late decompression
(N)

Follow-up (months)

Outcomes

Dvorak et al. (2015)

Bourassa-Moreau
et al. (2016)

Peng Du et al. (2018)

Haghnegahdar et al.
(2020)

Prospective cohort

Prospective cohort

Prospective cohort

Randomised
prospective study

Cervical, thoracic and 40% of patients (NR)

toracolumbar

Cervical and
toracolumbar

Thoracic and
toracolumbar

Thoracic and
toracolumbar

38

335

37

60% of patients (NR)

386

36

6

152.4 + 37.3 days

12

12

Better neurological outcome in
the early decompression group
(incomplete).

ASIA A:

Beta: .068 (95% Cl:
—.625-.76); p=.848

IRR: 1.07 (95% Cl: .54-2.14)
ASIA B, C, D:

Beta: 6.258 (95% Cl:
.618-11.897); p=.03

IRR: 522.17 (95% Cl:
1.855-146,825.5).

Better neurological outcome in
the early decompression group
(complete).

<24h 34% (13/38)>24h 13%
(2/15) Total: 28% (15/53)
p=.182.

Better neurological outcome in
the early decompression group
(subgroup AO: B, C).

p=.009, odds ratio (OR):
1.487; subgroup A, p=.777,
OR: 1.072; subgroup B,
p=.029, OR: 1.701; subgroup
C, p=.007, OR: 1.762)

Better neurological outcome in

the early decompression group.

OR (95% Cl: 5.46 (1.09-27.38);
p=.037.

NR: not reported.
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Figure 1

Injury level outcome analysis

Of the studies included, one provided data on the cervical
spinal cord,'® one on the cervical and toracolumbar injury'®
2 on thoracic-toracolumbar injuries,'®?' one on the tora-
columbar segment?® and 2 on injuries of the 3 cervical,
thoracic and lumbar segments."”"°

Cervical spinal cord injury

We found one study,”® where initially 313 patients were
recruited, leaving the final sample at 222 patients avail-
able 6 months after the injury. One hundred and thirty-one
patients underwent early decompression surgery, and 91 late
decompression surgery.

In the preoperative neurological evaluation, there was
a predominance of injuries with ASIA grade A in the
early decompression group and ASIA grade D in the late
decompression group. In the postoperative neurological
evaluation, there was a predominance of patients with ASIA

PRISMA flow diagram of systematic search.

grade D in both the patient groups with early and late
decompression surgery. According to this information, 74
patients (56.5%) in the early group and 45 patients (49.5%)
in the late group experienced at least 1 grade improvement
and 26 patients (19.8%) in the early group and 8 patients
(8.8%) in the late group experienced an improvement of at
least 2 grades.

The study had a 6-month follow-up. Methylprednisolone
was used by the treatment team, as recommended by
the NASCIS-II study. A total of 194 patients (62%) received
steroids when admitted to hospital, with a significantly
greater proportion of administration in the early group com-
pared with the late one.

Five patients died and 86 were lost to follow-up. Car-
diopulmonary complications were the most prominent of
complications and were present in 66 cases.

In the multivariate analysis, adjusted for preoperative
neurological status and steroid administration, the odds of
an ASIA improvement of at least 2 grades were 2.8 times
higher among those who underwent early surgery compared

T529
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Table 2 Use of steroids and complications reported in the studies in addition to their respective weaknesses.

Author (year)

Use of steroids

Reported complications

Study weaknesses

Fehlings et al. (2012)

Wilson et al. (2012)

Rahimi-Movaghar et al.

(2014)

Dvorak et al. (2015)

Bourassa-Moreau et al.

(2016)

Peng Du et al. (2018)

Haghnegahdar et al.
(2020)

Methylprednisolone used
according to treatment
team criteria.

NASCIS-II

Methylprednisolone used
according to treatment
team criteria.

NASCIS-II

Intravenous
methylprednisolone (bolus
of 30 mg/kg over 15min and
an infusion of 5.4mg/kg/h
over 23 h and 45 min if they
arrived <3 h, and for 47 h if
they arrived 3-8 h after the
injury or even if they
arrived later).

NASCIS-II

NR

Not used

Methylprednisolone in
keeping with
recommendations
NASCIS II

Methylprednisolone to all
eligible patients admitted
within 24 h of injury. Bolus
of 30 mg/kg and infusion of
5.4mg/kg/h for 24h

Five patients dies
Complications: 66
cardiopulmonary, 4 reviews;
2 wound infections; 5
neurological impairment; 4
APTE; 14 systemic
infections, 2 wound
dehiscence.

NR

Two patients died; one from
APTE and an unknown
cause; 2 wound infections,
2 DVTs, 1 CSF leak, 1
meningitis, 1 pressure ulcer,
2 revisions for screw
placement

NR

NR

Thirty-five thrombo-embolic
events, 7 revisions, 15
pneumonia, 7 UTI, 23
pressure ulcers, 5 surgical
site infections, 2 sepsis

5 DVT, 6 screw relocations,
one bar break, one late
screw removal, 2 wound
infections, one CSF leak,
one meningitis, and one
pressure ulcer

The early surgery group included
patients with a slightly lower
mean age and contained a
significantly higher proportion of
patients with a more severe initial
degree of injury compared to the
late group.

There are differences between the
2 cohorts, especially with respect
to preoperative neurological
status, with the majority of
patients in the ASIA grade A early
surgery group and the majority of
patients in the ASIA grade D late
surgery group. They did not
prospectively collect neurological
data at rehabilitation discharge
The neurological examination is
prone to interobserver variability,
since the evaluation and follow-up
of patients were not performed by
a single examiner. Another
limitation is the small sample size.

Preferential selection of
incomplete participants for early
surgical intervention is a potential
source of bias.

The small size of our cohort is a
limitation of this study. Another
limitation relates to the variable
and relatively short duration of
follow-up to evaluate neurological
recovery.

Subgroup analyses may dilute the
significant difference between the
early and late cohort, which would
add some bias to the findings. The
surgeries were performed by
different senior surgeons.
Variations in patient management
and assessment could lead to the
observed differences in outcomes.
The 1- and 3-month follow-up
evaluation and comparison were
premature and less substantial
than the 12-month result. Causes
of mortality were not recorded in
5 patient cases. They were unable
to continue with the trial due to
logistical problems.

CSF: cerebrospinal fluid; DVT: deep vein thrombosis; NR: not reported; UTI: urinary tract infection.
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with those who underwent late surgery (OR: 2.83, 95% Cl:
1.10-7.28; p=.03).

Cervical and toracolumbar spinal cord injury

The 2016 study by Bourassa-Moreau et al."® that only
included patients with complete spinal cord injury sug-
gests that surgical decompression and stabilisation within
24h may improve neurological recovery, particularly for
those with cervical injuries. No steroids were used and
complications were not described.

A greater proportion of patients operated on in the
first 24h after traumatic injury had some neurological
improvement upon discharge from rehabilitation, compared
to patients operated on later.

Finally, this study concludes that some may consider com-
plete spinal cord injury with fatalism because it carries a
poor neurological prognosis. However, neurological improve-
ment has been shown to be possible in this population.

The findings of this study suggest that early surgical
intervention within 24 h after a traumatic complete spinal
cord injury can promote neurological recovery, especially
for those with injuries at the cervical level. Thus, they rec-
ommend keeping the surgical time at least less than 24 h to
promote neurological recovery.

Thoracic and toracolumbar spinal cord injury

The 2020 prospective randomised study by Haghnegahdar
A et al.,?" with a sample size of 73 patients, of whom 37
were surgically decompressed early and 36 late, indicates a
significant difference in favour of early surgery versus late
surgery, for a conversion of ASIA>2 degrees at 12-month
follow-up. This study used methylprednisolone in all eligi-
ble patients admitted within 24 h after injury, and the most
common complication was deep vein thrombosis.

In the study, 17 patients (45.9%) in the early surgery group
and 12 (33.3%) in the late surgery group had an improvement
of >1 grade in ASIA at 12 months. Additionally, 9 patients
(24.3%) in the early surgery group and 2 (5.6%) in the late
surgery group were reported to have grade >2 improvement
at 12 months. With these results, the authors conclude that
early decompression is associated with a greater probability
of neurological improvement, especially in injuries of the
thoracic spine below T8.

Du JP et al.” conducted a prospective cohort study in
patients with thoracic injury. Their sample of 721 patients
were divided into an early decompression group (<24h,
n=335) and a late decompression group (24-72h, n=386).
Each group was divided into subgroups A, B and C accord-
ing to the AO Spinal Injury Classification System (AOSICS).*
Analysis of the effect of time from injury to surgery on ASIA
grade conversion showed that early surgical decompression
did not lead to a significant improvement in AOSICS** type A
classification, but did improve conversion into AOSICS type
B and type C. The authors concluded that patients classi-
fied as AOSICS type A with complete spinal cord injury do
not need to undergo aggressive early operations. However,
patients with type B and type C lesions must undergo early
intervention to achieve better clinical results).?*

This study used methylprednisolone in all patients
according to the NASCIS-II protocol, and the most frequent
complications were thromboembolic events (35 patients)
and pressure ulcers (23 patients).

Toracolumbar spinal cord injury

In a study a of 35 patients, Rahimi-Movaghar V et al.?° eval-
uated the effect of early surgical decompression in spinal
cord injuries with a level between T1 and L1. They observed
improvements of 2 ASIA grades in 3 of 16 patients with early
surgery and 1 of 19 in patients with late surgery RR: 3.56, 95%
Cl: .41-30.99, with no statistical significance being reached.
Regarding complete spinal cord injury, no improvement was
found in the motor activity score in any of the groups.

They administered intravenous methylprednisolone
(bolus of 30mg/kg over 15min and an infusion of
5.4mg/kg/h over 23h and 45min if they arrived <3h,
and for 47 h if they arrived 3-8 h after injury or even if they
arrived later) based on NASCIS-II recommendations. The
complications described were varied: deep vein thrombosis,
surgical wound infection and cerebrospinal fluid fistula,
among others.

Cervical-thoracic-toracolumbar spinal cord injury

Two Canadian prospective cohort studies evaluated the
three injured segments.

In one of them, Wilson JR et al."”” found no differences
in the mean improvements in motor scores between the
early and late decompression groups at the time of dis-
charge (p=.18). However, at the time of discharge from
rehabilitation (mean 90 days), patients who received early
decompression showed additional motor improvement com-
pared with those who received late decompression (mean
improvements not reported for either group). Similarly, a
greater percentage of patients in the early surgery group
experienced an ASIA improvement of >2 grades (27.2%) than
in the late surgery group (3%) when they were discharged
from inpatient rehabilitation (non-adjusted RR: 8.9, 95% Cl:
1.12-70.64; p=.0154). The strength of evidence for all of
these results was very low.

Methylprednisolone was used at the discretion of the
treatment team and following the NASCIS-Il recommenda-
tions. No complications were reported.

In the study with the largest number of patients, by Dvo-
rak MF et al."” (888 patients), no significant differences were
found in the improvement of motor score between the early
and late surgery groups in patients with ASIA grade A.

Patients with ASIA grades B, C or D spinal cord injury
treated early improved an average of 6 additional motor
points compared to those who were decompressed late. The
confidence interval for the regression coefficient was large
and indicated substantial variability. They did not report the
time period for improvement or follow-up, nor were use of
steroids and complications described.
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Figure 3

Meta-analysis on neurological recovery of the
studies included

Six of the 7 selected studies were included for our meta-
analysis. We excluded the study by Dvorak MF et al." due
to the lack of certainty regarding its number of patients in
the early and late decompression groups.

Based on the results, a significant improvement was
observed in favour of early decompression over late decom-
pression with a heterogeneity of 46%, which, according to
the fixed effect model® (Fig. 2), was considered moderate.

A possible significant publication bias was found from
inspection of the funnel plots (Fig. 3) and Egger’s test
(p=.0053). This may be because the number of publications
included in our study was very small. In these cases, the
Funnel plot and the statistical tests are reduced in power.

Risk of bias of the included studies

Figs. 4 and 5 show the risks of bias for prospective cohort
studies and for controlled trials, respectively. The bias was
considered low for the study by Fehlings et al., moderate for
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the studies by Peng Du et al., Moreau et al. and Dvorak et al.,
and high for the study by Wilson et al. For the controlled
trials, the risk of bias was considered moderate for both
studies.

Discussion

In our review we found evidence in favour of early decom-
pression over late decompression in 6 studies,’>?' and
benefits in both groups in one study.?’ Regarding general
neurological recovery, this difference was evident in injuries
at the cervical level and in incomplete injuries, but was
unclear ininjuries to the thoracic and thoracolumbar region,
and in complete ASIA grade A injuries.

In other previous systematic reviews, such as that of
Hsieh YL et al.?® which included 26 studies, they reported
that the cut-off time in early decompression was a signifi-
cant moderator of the effect, and that if performed before
8-12h after spinal cord injury, it was associated with greater
benefits. However, they concluded that quality evidence was
lacking.
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In another review by Yousefifard M. et al.?’ they found
that surgical decompression performed within 24h after
injury was associated with significantly lower rates of
postoperative complications. However, unlike our review
(exclusive of prospective studies), they included case series
and retrospective studies (12 of the 24 included studies) and
there was also non-uniformity regarding the definition of
early decompression.

The combined analysis of individual patient data, derived
from 4 prospective and independent multicentre sources

by Badhiwala J et al.?® is also noteworthy. This analysis
reports that patients who underwent early surgical decom-
pression experienced greater recovery than patients who
underwent delayed decompression surgery one year after
spinal cord injury, and conclude that the first 24-36 h after
injury appear to represent a crucial time window to achieve
optimal neurological recovery with decompression surgery
after an acute spinal cord injury.

Surgical treatment in patients with traumatic spinal cord
injury in whom spinal cord compression persists, aims to
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reduce the extension of the secondary spinal cord injury
that appears after the primary spinal cord injury associated
with spinal cord trauma. It would therefore form part of
neuroprotection strategies after spinal cord injury.2%

In injuries with complete spinal cord section, early
decompression may not make sense, but it must be taken
into account that the majority of spinal cord injuries are due
to compression and are cervically located (51% in our envi-
ronment) with possible disability as severe as a tetraplegia
as a sequela.” Therefore, any effort to mitigate the ultimate
neurological damage in these patients must be considered
and analysed.

Several factors determine the severity of spinal cord
damage during spinal trauma. Among them, the magnitude
of the initial damage, known as ‘‘primary damage’’ that
influences the severity of the injury and the extent of neu-
rological compromise. The greater the energy of the initial
trauma, the greater the spinal inflammatory process and the
disruption of the microvasculature, which leads to greater
oedema and release of pro-apoptotic cytokines.>’

After this initial damage, there is a *‘secondary injury’’,
determined by a subsequent inflammatory response, which
can lead to definitive neurological damage. The objective of
surgical treatment in acute spinal cord injury is to attenuate
the cascade of secondary damage, with the aim of allowing
an improvement in the neurological condition.>'

Thus, since the results obtained by the STASCIS'® study
were reported, where it was shown that patients undergo-
ing early decompression had better neurological recovery
compared to patients with late decompression 6 months
after treatment, multiple studies added evidence to this
recommendation.'”-32-3° Ter Vengel PV et al.* analysed neu-
rological recovery after early and late decompression in
patients with complete and incomplete cervical injury and
observed greater improvement in patients with incomplete
injury than in patients with complete injury.

However, other studies have shown similar results
between early and late decompression.?’ In a randomised
study, neurological improvement was observed in both
groups, without significant differences. This study is lim-
ited by a relatively low number of patients with 16 in the
early decompression group and 19 in the late decompression
group. Similar results were observed by Ter Vengel PV et al.*
in patients with thoracic injury undergoing early versus late
decompression.

Weaknesses of the included studies

As weaknesses of the study by Fehlings MG et al.”® we
observed that the early surgery group included patients
with a slightly lower mean age and contained a significan-
tly higher proportion of patients with a more severe initial
degree of injury compared to the late group. Additionally,
the non-random nature of the sample suggested possible
selection bias.

Regarding the study by Bourassa-Moreau E et al.,’ the
small cohort size constitutes a study limitation (53 patients).
Another limitation is related to the variable and relatively
short duration of follow-up to evaluate neurological recov-
ery (152.4+ 37.3 days).

A weakness in the work of Du JP et al.,'® was that ran-
domisation and double-blind methods were not used, so
some potential biases could not be avoided. Subgroup anal-
yses may dilute the significant difference between the early
and late cohort, which would add some bias to the find-
ings. The interventions were performed by different senior
surgeons. Variations in patient management and assessment
could lead to the observed differences in outcomes.

In the study by Rahimi-Movaghar V et al.?’ the number
of complications was high (11 patients) in relation to their
short series.

As weaknesses of the study by Wilson JR et al.,"” the
authors expressed that there were differences between the
2 cohorts, especially with respect to preoperative neurolog-
ical status, with the majority of patients in the ASIA grade A
early surgery group and the majority of patients in the ASIA
grade D late surgery group. Also, they did not prospectively
collect neurological level data at rehabilitation discharge.

One possible bias in the study by Dvorak MF et al.”” was
attributing the improvement in the recovery of the motor
score to the surgical intervention when it could simply be
due to the natural course of the incomplete spinal cord
injury. Another potential source of bias in this study was
the preferential selection of participants with incomplete
spinal cord injury for early surgery.

The overall strength of the evidence that early surgical
decompression results in clinically meaningful improve-
ments in neurological status (>2 ASIA grade improvement)
at any follow-up period was ‘low’ to ‘very low’.

Similarly to Fehlings MG et al.,*? we believe that there are
many limitations in the current scientific evidence. These
include heterogeneity between studies (population, sever-
ity and level of injury); relatively low number of patients
in some studies; a lack of consistency of findings due to
single studies, and the inability to detect differences in
complication rates in surgical cohorts due to lack of sta-
tistical power. These data should be taken into account
for planning future research on the topic. In this practi-
cal guideline,® the authors suggest that early surgery be
offered as an option for adult patients with acute spinal cord
injury, regardless of the ‘‘low’’ level of recommendation.

Another important element that impacts patient selec-
tion is transportation time from the time of injury to the
appropriate level hospital for resolution of the condition,
associated with all the nuances involved in performing
“‘emergency’’ decompression surgery (both logistics and
surgical materials to be used for stabilisation). To this
end, Spain needs to create an appropriate health organisa-
tion (similar to the National Transplant Organisation or the
Stroke Codes, which have demonstrated such good results)
to enable rapid transfer of these patients from the acci-
dent site to a tertiary hospital where the initial assessment
and decompression surgery can be performed in the shortest
time possible.

Limitations

Our study has limitations and strengths. The limitations of
this review are directly related to the limitations of the
individual studies included, which were previously discussed
and to the number of patients; possible treatment selec-
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tion bias (higher proportion of young patients in the early
decompression group); the use of corticosteroids, and the
heterogeneity of follow-up. We would also like to report
that we did not register the review protocol in PROSPERO,
and there may be similarity with other reviews. However,
we consider that our review is the most up-to-date on the
topic in question. Furthermore, we found possible publica-
tion bias, demonstrated by the Egger test (p=.0053), which
could be due to the low number of studies included in the
meta-analysis.

Study strengths include the quality of the studies
included in our review, with 2 prospective randomised stud-
ies, and the remainder prospective cohort studies. As review
quality is directly related to the quality of the included
studies, we consider that this systematic review meets the
quality criteria for its results to be sustained.

Finally, although the references are primarily English-
language publications, to our knowledge, this is the first
systematic review and meta-analysis on this topic carried
out in Spanish.

Conclusions

There is scientific evidence to recommend early decompres-
sion in the first 24 h after traumatic spinal cord injury, as it
improves final neurological recovery. These results are more
evident in cervical and incomplete injuries, while the effec-
tiveness in thoracolumbar and complete injuries is unclear.

Although there is a patient selection bias in most of
the included studies, in general terms, current evidence
suggests a beneficial effect of early over late surgical
decompression, which should be recommended whenever
the patient and hospital conditions allow it to be safely
performed.

Level of evidence

Level of evidence 1.

Conflict of interests

The authors have no conflict of interests to declare.

Appendix A. Supplementary data

Supplementary data associated with this article
can be found in the online version available at
https://doi.org/10.1016/j.recot.2024.07.003.

References

1. Barbiellini Amidei C, Salmaso L, Bellio S, Saia M. Epi-
demiology of traumatic spinal cord injury: a large
population-based study. Spinal Cord. 2022;60:812-9,
http://dx.doi.org/10.1038/s41393-022-00795-w.

2. Pérez-Ruiz P, Barriga-Martin A. Epidemiologia de la lesion medu-
lar traumatica en Espafa. Trabajo fin de grado (N.° 48/2019).
Facultad de Medicina de Ciudad Real. Universidad de Castilla-La
Mancha; 2021.

3. Batchelor PE, Wills TE, Skeers P, Battistuzzo CR, Macleod
M, Howella D, et al. Meta-analysis of pre-clinical stud-

10.

1.

12.

13.

14.

15.

16.

T535

. Ramakonar

. Roberts TT, Leonard GR, Cepela DJ.

ies of early decompression in acute spinal cord injury:
a battle of time and pressure. PLoS ONE. 2013;8:e72659,
http://dx.doi.org/10.1371/journal.pone.0072659.

. Ter Wengel PV, De Witt Hamer PC, Pauptit JC, van der Gaag NA,

Oner FC, Vandertop WP. Early surgical decompression improves
neurological outcome after complete traumatic cervical spinal
cord injury: a meta-analysis. J Neurotrauma. 2019;36:835-44,
http://dx.doi.org/10.1089/neu.2018.5974.

. van Middendorp JJ, Barbagallo G, Schuetz M, Hosman AJ. Design

and rationale of a Prospective Observational European Multicen-
ter study on the efficacy of acute surgical decompression after
traumatic spinal cord injury: the SCI-POEM study. Spinal Cord.
2012;50:686-94, http://dx.doi.org/10.1038/sc.2012.34.

H, Fehlings MG. ‘Time is Spine’: new
evidence  supports decompression within  24h  for
acute spinal cord injury. Spinal Cord. 2021;59:933-4,
http://dx.doi.org/10.1038/s41393-021-00654-0.

. Jug M, Kejzar N, Vesel M, Al Mawed S, Dobravec M, Herman S,

et al. Neurological recovery after traumatic cervical spinal cord
injury is superior if surgical decompression and instrumented
fusion are performed within 8h versus 8-24h after injury: a
single center experience. J Neurotrauma. 2015;32:1385-92,
http://dx.doi.org/10.1089/neu.2014.3767.

. Grassner L, Wutte C, Klein B, Mach O, Riesner S, Panzer S,

et al. Early decompression (<8 h) after traumatic cervical spinal
cord injury improves functional outcome as assessed by spinal
cord independence measure after one year. J Neurotrauma.
2016;33:1658-66, http://dx.doi.org/10.1089/neu.2015.4325.
Classifications in
brief: American Spinal Injury Association (ASIA) impair-
ment scale. Clin Orthop Relat Res. 2017;475:1499-504,
http://dx.doi.org/10.1007/s11999-016-5133-4.

Bracken MB, Shepard MJ, Collins WF, Holford TR, Young
W, Baskin DS, et al. A randomized, controlled trial of
methylprednisolone or naloxone in the treatment of acute
spinal-cord injury: results of the Second National Acute
Spinal Cord Injury Study. N Engl J Med. 1990;322:1405-11,
http://dx.doi.org/10.1056/NEJM199005173222001.

Geisler F, Coleman W, Grieco G, Poonian D, Sygen
Study Group. The Sygen multicenter acute spinal cord
injury study. Spine (Phila Pa 1976). 2001;26:87-98,
http://dx.doi.org/10.1097/00007632-200112151-00015.
Wright JG, Swiontkowski MF, Heckman JD. Introducing levels of
evidence to the journal. J Bone Joint Surg Am. 2003;85:1-3.
Bracken MB, Shepard MJ, Collins WF, Oxman AD, Kunz
R, Brozek J, et al. A randomized, controlled trial of
methylprednisolone or naloxone in the treatment of acute
spinal-cord injury: results of the Second National Acute
Spinal Cord Injury Study. N Engl J Med. 1990;322:1405-11,
http://dx.doi.org/10.1056/NEJM199005173222001.

Owens DK, Lohr KN, Atkins D, Treadwell JR, Reston JT, Bass
EB, et al. AHRQ series paper 5: grading the strength of
a body of evidence when comparing medical interventions:
Agency for Healthcare Research and Quality and the effec-
tive health-care program. J Clin Epidemiol. 2010;63:513-23,
http://dx.doi.org/10.1016/j.jclinepi.2009.03.009.
Bourassa-Moreau E, Mac-Thiong JM, Li A, Ehrmann Feld-
man D, Gagnon DH, Thompson C, et al. Do patients with
complete spinal cord injury benefit from early surgical
decompression? Analysis of neurological improvement in a
prospective cohort study. J Neurotrauma. 2016;33:301-6,
http://dx.doi.org/10.1089/neu.2015.3957.

Du JP, Fan Y, Liu JJ, Zhang JN, Meng YB, Mu CC, et al.
Decompression  for  Traumatic  Thoracic/Thoracolumbar
Incomplete Spinal Cord Injury: application of AO
spine injury classification system to identify the tim-
ing of operation. World Neurosurg. 2018;116:e867-73,
http://dx.doi.org/10.1016/j.wneu.2018.05.118.


https://doi.org/10.1016/j.recot.2024.07.003
dx.doi.org/10.1038/s41393-022-00795-w
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0185
dx.doi.org/10.1371/journal.pone.0072659
dx.doi.org/10.1089/neu.2018.5974
dx.doi.org/10.1038/sc.2012.34
dx.doi.org/10.1038/s41393-021-00654-0
dx.doi.org/10.1089/neu.2014.3767
dx.doi.org/10.1089/neu.2015.4325
dx.doi.org/10.1007/s11999-016-5133-4
dx.doi.org/10.1056/NEJM199005173222001
dx.doi.org/10.1097/00007632-200112151-00015
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0235
dx.doi.org/10.1056/NEJM199005173222001
dx.doi.org/10.1016/j.jclinepi.2009.03.009
dx.doi.org/10.1089/neu.2015.3957
dx.doi.org/10.1016/j.wneu.2018.05.118

J.H. Guimbard-Pérez, G. Camino-Willhuber, L.M. Romero-Mufoz et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Wilson JR, Singh A, Craven C, Verrier MC, Drew B, Ahn H, et al.
Early versus late surgery for traumatic spinal cord injury: the
results of a prospective Canadian cohort study. Spinal Cord.
2012;50:840-3, http://dx.doi.org/10.1038/sc.2012.59.
Fehlings MG, Vaccaro A, Wilson JR, Singh A, Cadotte W, Harrop
D, et al. Early versus delayed decompression for traumatic cer-
vical spinal cord injury: results of the Surgical Timing in Acute
Spinal Cord Injury Study (STASCIS). PLoS ONE. 2012;7:e32037,
http://dx.doi.org/10.1371/journal.pone.0032037.

Dvorak MF, Noonan VK, Fallah N, Fisher CG, Finkelstein
J, Kwon BK, et al. The influence of time from injury
to surgery on motor recovery and length of hospital stay
in acute traumatic spinal cord injury: an observational
Canadian cohort study. J Neurotrauma. 2015;32:645-54,
http://dx.doi.org/10.1089/neu.2014.3632.

Rahimi-Movaghar V, Niakan A, Haghnegahdar A, Shahlaee A, Saa-
dat S, Barzideh E. Early versus late surgical decompression for
traumatic thoracic/thoracolumbar (T1-L1) spinal cord injured
patients. Primary results of a randomized controlled trial at one
year follow-up. Neurosciences (Riyadh). 2014;19:183-91.
Haghnegahdar A, Behjat R, Saadat S, Badhiwala J, Farrokhi
MR, Niakan A, et al. A randomized controlled trial of early
versus late surgical decompression for thoracic and thora-
columbar spinal cord injury in 73 patients. Neurotrauma Rep.
2020;1:78-87, http://dx.doi.org/10.1089/neur.2020.0027.
Sterne JAC, Hernan MA, Reeves BC, Savovi¢ J, Berkman
ND. ROBINS-I: a tool for assessing risk of bias in non-
randomized studies of interventions. BMJ. 2016;355:i4919,
http://dx.doi.org/10.1136/bmj.i4919.

Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS,
Boutron I. RoB 2 a revised tool for assessing risk of bias in
randomised trials. BMJ. 2019;366:14898.

Reinhold M, Audigé L, Schnake KJ, Bellabarba C, Dai LY, Oner
FC. AO spine injury classification system: a revision proposal for
the thoracic and lumbar spine. Eur Spine J. 2013;22:2184-201,
http://dx.doi.org/10.1007/s00586-013-2738-0.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring incon-
sistency in meta-analyses. BMJ. 2003;327:557-60.

Hsieh YL, Tay J, Hsu SH, Chen WT, Fang YD, Liew CQ,
et al. Early versus late surgical decompression for traumatic
spinal cord injury on neurological recovery: a systematic
review and meta-analysis. J Neurotrauma. 2021;38:2927-36,
http://dx.doi.org/10.1089/neu.2021.0102.

27.

28.

29.

30.

31.

32.

33.

34.

35.

T536

Yousefifard M, Rahimi-Movaghar V, Baikpour M, Ghelichkhani
P, Hosseini M, Jafari A, et al. Early versus late spinal decom-
pression surgery in treatment of traumatic spinal cord injuries;
a systematic review and meta-analysis. Emerg (Tehran).
2017;5:e37.

Badhiwala JH, Wilson JR, Witiw CD, Harrop JS, Vaccaro
AR, Aarabi B, et al. The influence of timing of surgical
decompression for acute spinal cord injury: a pooled analy-
sis of individual patient data. Lancet Neurol. 2021;20:117-26,
http://dx.doi.org/10.1016/51474-4422(20)30406-3.

Ahuja CS, Badhiwala JH, Fehlings MG. Time is spine:
the importance of early intervention for traumatic
spinal cord injury. Spinal Cord.  2020;58:1037-9,
http://dx.doi.org/10.1038/s41393-020-0477-8.

Choo AM, Liu J, Lam CK, Dvorak M, Tetzlaff W, Oxland
TR. Contusion, dislocation, and distraction: primary hemor-
rhage and membrane permeability in distinct mechanisms
of spinal cord injury. J Neurosurg Spine. 2007;6:255-66,
http://dx.doi.org/10.3171/spi.2007.6.3.255.

Furlan JC, Noonan V, Cadotte DW, Fehlings MG. Timing
of decompressive surgery of spinal cord after traumatic
spinal cord injury: an evidence-based examination of pre-
clinical and clinical studies. J Neurotrauma. 2011;28:1371-99,
http://dx.doi.org/10.1089/neu.2009.1147.

Fehlings MG, Tetreault LA, Wilson JR, Aarabi B, Anderson P,
Arnold PM, et al. A clinical practice guideline for the mana-
gement of patients with acute spinal cord injury and central
cord syndrome: recommendations on the timing (<24h versus
>24h) of decompressive surgery. Global Spine J. 2017;7 Suppl.
3:1955-202S, http://dx.doi.org/10.1177/2192568217706367.
Fehlings MG, Rabin D, Sears W, Cadotte DW, Aarabi B. Cur-
rent practice in the timing of surgical intervention in spinal
cord injury. Spine (Phila Pa 1976). 2010;35 Suppl. 21:5166-73,
http://dx.doi.org/10.1097/BRS.0b013e3181f386f6.

Van Middendorp JJ, Hosman AJ, Doi SA. The effects of the timing
of spinal surgery after traumatic spinal cord injury: a systematic
review and meta-analysis. J Neurotrauma. 2013;30:1781-94,
http://dx.doi.org/10.1089/neu.2013.2932.

Wilson JR, Tetreault LA, Kwon BK, Arnold PM, Mroz TE, Shaffrey
C, et al. Timing of decompression in patients with acute spinal
cord injury: a systematic review. Global Spine J. 2017;7 Suppl.
3:955-115S, http://dx.doi.org/10.1177/2192568217701716.


dx.doi.org/10.1038/sc.2012.59
dx.doi.org/10.1371/journal.pone.0032037
dx.doi.org/10.1089/neu.2014.3632
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0275
dx.doi.org/10.1089/neur.2020.0027
dx.doi.org/10.1136/bmj.i4919
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0290
dx.doi.org/10.1007/s00586-013-2738-0
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0300
dx.doi.org/10.1089/neu.2021.0102
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
http://refhub.elsevier.com/S1888-4415(24)00116-4/sbref0310
dx.doi.org/10.1016/S1474-4422(20)30406-3
dx.doi.org/10.1038/s41393-020-0477-8
dx.doi.org/10.3171/spi.2007.6.3.255
dx.doi.org/10.1089/neu.2009.1147
dx.doi.org/10.1177/2192568217706367
dx.doi.org/10.1097/BRS.0b013e3181f386f6
dx.doi.org/10.1089/neu.2013.2932
dx.doi.org/10.1177/2192568217701716

	[Translated article] Efficacy of early versus delayed spinal cord decompression in neurological recovery after traumatic s...
	Introduction
	Methods
	Study selection
	Statistical analysis

	Results
	Steroid usage
	Follow-up
	Injury level outcome analysis
	Cervical spinal cord injury
	Cervical and toracolumbar spinal cord injury
	Thoracic and toracolumbar spinal cord injury
	Toracolumbar spinal cord injury
	Cervical-thoracic-toracolumbar spinal cord injury
	Meta-analysis on neurological recovery of the studies included
	Risk of bias of the included studies

	Discussion
	Weaknesses of the included studies
	Limitations

	Conclusions
	Level of evidence
	Conflict of interests
	Appendix A Supplementary data
	References


