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Early (48 Hours) versus Late (>48 Hours) Surgery in Spinal Cord Injury: Treatment
Outcomes and Risk Factors for Spinal Cord Injury
Moinay Kim1, Suk Kyung Hong2, Sang Ryong Jeon1, Sung Woo Roh1, Seungjoo Lee1,3

OBJECTIVES: Surgical management of spinal cord injury
(SCI) is challenging. There is no standard guideline
regarding the timing of surgery, although physicians have
prioritized early surgery over the past decades. Although
better outcomes have been observed from these studies,
the definition of early surgery has been controversial,
although mostly limited to 24-hours after injury. For some
hospitals, this early surgery could be difficult to implement
in practice. Hence, we re-evaluated the timing of early
surgery as surgery within 48 hours and investigated the
surgical outcomes of SCI depending on whether surgery
was performed early (£48 hours) or late (>48 hours). The
primary outcomes were improvement in the American
Spinal Injury Association Impairment Scale (AIS) grade in
early and late surgery groups.

-

METHODS: This study was a retrospective cohort study
in individuals aged 15e85 years, who underwent surgery
for SCI between 2005 and 2016. The rate of AIS grade
improvements was measured at 6 months after injury. Of
the 86 enrolled patients, 31 (mean, 40.9  12.64 hours) and
55 (mean, 168.25  93.01 hours) patients were assigned to
the early and late surgery groups, respectively.

-

RESULTS: AIS grade improvement was significantly
greater in the early than in the late group (P [ 0.039). In the
early group, there was no significant difference in neurologic improvements among the AIS B, C, and D groups, but
the AIS A group showed a significant improvement
(P [ 0.015). This finding was not observed in the late group
(P [ 0.060). AIS grade improvement was also significantly

-
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greater in the incomplete SCI group than in the complete
SCI group, for all measurements (early, P [ 0.007, late,
P [ 0.009). Other factors that significantly affected clinical
outcomes were AIS grade on admission and the level of the
injury.

INTRODUCTION

T

he outcome of spinal cord injury (SCI) is strongly related
to the duration of paralysis, severity (complete or incomplete injury), and extension (number of limbs involved).1
SCI management includes early diagnosis, decompressive
surgery, and maintenance of spinal alignment, to help improve
the patient’s quality of life. Among these components, surgical
decompression and stabilization are the principal procedures
used for patients with SCI. Whether the timing of surgery
affects the outcomes of SCI has been a controversial matter, and
there are no standard guidelines for deciding the timing of
surgery in acute traumatic SCI.
Pathophysiologically, SCI involves a primary and secondary
injury. The primary injury is direct compression to the spinal cord,
which is irreversible and is mostly caused by a
fracturedislocation type of injury.2 In contrast, the secondary
injury is reversible and preventable, because it is initiated by the
primary injury caused by the sustained compression of the
spinal cord.3,4
Preclinical studies have suggested that constant compression of
the spinal cord after the primary injury may result in a secondary
injury, which, if managed in time, may be reversed.5 Despite
technical advances in spinal stabilization and decompression,
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prevention of secondary damage remains a matter of concern.6
Hence, these secondary injuries should be minimized via early
surgery, not only to obviate ongoing trauma to the spinal cord
but also to provide a better functional outcome in terms of early
mobilization and quality of life.
The functional outcome of SCI also depends on diverse patient
factors, including age, location and type of injury, surgical timing,
and the patient’s neurologic status.1 Older age, thoracic level,
dislocation injury, and complete SCI are known to have a poor
prognosis.7 Among these factors, the score on the ASIA
(American Spinal Injury Association) Impairment Scale (AIS),8
which has been implemented widely, is the most powerful
independent factor predicting functional outcome and prognosis.9
Almost all studies of SCI have focused on the 6-month functional
outcome, based on recommendations used in the NASCIS (National
Acute Spinal Cord Injury Study) and Sygen trials.10-12

Unlike the AIS score, the timing of surgery for SCI remains a
subject of debate. Many studies have deﬁned early, nonearly, or
delayed surgery using different time intervals to analyze the
optimal timing for SCI. However, the deﬁnition of these terms has
not been standardized.13 There are >20 studies regarding optimal
timing of surgery for traumatic SCI: 9 studies have deﬁned 24
hours as early surgery,14-22 72 hours was used in 8 studies,23-30
and 8 hours or 4 days in other studies.31-34 These studies
reported various results of functional outcomes after early versus
late surgery,35 with some concluding that there were no
differences between groups,22,30 whereas others suggested that
early surgery was advantageous.27,36 Hence, 24 and 72 hours have
served as the basis for most recent time-related SCI studies.
However, performing surgery within 24 hours of injury may be
practically impossible for some hospitals and institutions. Delayed
transport, a lack of facilities, hemodynamically unstable patients,

103 patients with traumatic spinal cord injury admitted to hospital
(Between February 2005 and December 2016)

5 patients (aged <15 or >85 years)

4 patients (GCS score <14 or evidence of

1 patient (preexisting neurologic deficit caused by
cerebral infarct)

2 patients showed no neurologic deficit after trauma
(i.e. AIS E)

5 patients were lost to follow-up after 6 months of injury

Finally, 86 patients were enrolled in our study
Figure 1. Flow chart showing patients admitted to our
hospital during the study period. Inclusion and
exclusion criteria are shown with summary of number
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of patients participating in our study. AIS, American
Spinal Injury Association Impairment Scale; GCS,
Glasgow Coma Scale; TBI, traumatic brain injury.
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identiﬁcation of the type and extent of associated injuries, trauma
events at weekends, and the availability of spine surgeons, among
other factors, need to be considered before surgery. Accordingly,
we hypothesized that, in cases in which surgery within 24 hours is
clinically impossible, 48 hours may also be appropriate for acute
traumatic SCI. To our knowledge, the implementation of surgery
within 48 hours of injury has not been investigated in clinical
practice.
In this study, we performed a critical examination of and
summarized the evidence for optimal surgery timing (surgery
within 48 hours vs. surgery >48 hours after injury) that also
allowed stabilization of acute traumatic SCI. In addition, we
veriﬁed some factors that may have a clinical impact on AIS grade
improvements.

Statistical Analysis
All statistical analyses were performed using SPSS (version 21
[IBM Corp., Armonk, New York, USA]). The statistical signiﬁcance of differences was tested using a c2 test or Fisher exact test
for categorical variables, and an unpaired Student t test or MannWhitney U test for continuous variables. A marginal homogeneity
test was used to evaluate the equality of proportion among AIS
grades on admission and at the 6-month follow-up. Univariate and
multivariate logistic regression analyses, using stepwise selection
(95% conﬁdence interval [CI]), were performed to assess the
factors possibly associated with AIS grade improvement in
patients with SCI. All values are reported as mean  standard
deviation or number (%). P < 0.05 denoted statistical signiﬁcant
differences.

METHODS

RESULTS

After institutional review board approval, we retrospectively
reviewed a cohort of 103 patients with SCI who attended our
institute between February 2005 and December 2016 (Figure 1).
Cases of acute traumatic SCI involving upper cervical (C1-C4),
lower cervical (C5-C7), thoracic (T1-T11), thoracolumbar (T12-L1),
and lumbar (L2-L5) vertebrae, requiring surgical decompression,
were included in this study. The diagnosis of traumatic SCI was
conﬁrmed from magnetic resonance imaging data obtained preoperatively in all cases. Patients were aged between 15 and 85
years. Exclusion criteria were Glasgow Coma Scale score <14, any
evidence of traumatic brain injury, a history of neurologic deﬁcit,
an intact neurologic state after trauma (i.e., AIS E), or patients lost
to follow-up by 6 months after injury. Age, sex, injury mechanisms, time intervals (injury to hospital visit and injury to surgery),
methylprednisolone (MP) administration, level of injury, neurologic assessment, and length of hospital stay were thoroughly
reviewed. Administration of MP for patients visiting our hospital
within the ﬁrst 8 hours after injury was in accordance with the
NASCIS II recommendations.37
All patients were assessed using the AIS, according to the International Standards for Neurological Classiﬁcation of Spinal
Cord Injury form at 4 indicated time intervals: on admission,
before operation, after operation, and 6 months after injury. The
assessment was performed within a few hours of the patient’s visit
to the hospital, within 24 hours preoperatively and postoperatively, and at 6 months after the injury, when the patient
revisited the hospital. In all cases, neurologic evaluation was
performed by a neurologic surgeon. A change in AIS grade of 1
was deﬁned as improvement and was evaluated as the grade
increase within the AIS classiﬁcation. If any of the clinical information had not been documented, the patient was excluded from
our analysis.
Patients were assigned to 2 groups according to the interval
between injury and surgery: early (surgery within 48 hours of
injury) and late (surgery >48 hours after injury). The decision
related to the timing of surgery was mostly at the discretion of the
surgeon. The patients were further classiﬁed into 2 subgroups,
depending on their neurologic status on admission: “complete
injury,” comprising AIS A patients, and “incomplete injury,”
comprising AIS B, C, and D patients. There was no AIS E patient
in this study.

Eighty-six patients fulﬁlled the inclusion criteria of our study. Of
these study participants, 31 and 55 patients were assigned to the
early (surgery within 48 hours of injury) and late (surgery >48
hours after injury) groups, respectively. The baseline characteristics, including demographics and injury mechanisms, of the study
population are summarized in Table 1. There were no signiﬁcant
baseline differences between these groups. The mean time interval
between injury and hospital visit, and between injury and surgery,
differed signiﬁcantly between the early and late surgery groups
(P ¼ 0.015, P < 0.001, respectively). The anatomic injury level
distributions did not differ between the groups (P ¼ 0.316).
AIS was evaluated at 4 time points during the hospital stay. No
patient showed neurologic grade deterioration (Table 1). There
was no signiﬁcant difference in the AIS grade between the
surgery groups between admission and before operation
(P ¼ 0.109), after operation (P ¼ 0.145), or at the 6-month
assessment (P ¼ 0.134; Table 1). Twenty-ﬁve patients in the total study group were administered MP; this treatment did not
differ between the groups (P ¼ 0.320). The hospital stay for the
total study group was 28.57  38.17 days. This duration tended to
be longer in the late surgery group but did not reach statistical
signiﬁcance (P ¼ 0.072).

WORLD NEUROSURGERY 118: e513-e525, OCTOBER 2018

AIS Outcome
Total Study Population. The total study group included 44 AIS A
(51.16%), 18 AIS B (20.93%), 10 AIS C (11.63%), and 14 AIS D
(16.28%) patients at admission. Forty patients (46.51%) showed
AIS improvements of at least 1 AIS grade at the 6-month followup, whereas the other 46 patients (53.49%) showed no improvement during the study period. Most improvement was observed
in AIS D (10/14, 71.43%), followed by AIS C (7/10, 70%), AIS B 12
(12/18, 66.67%), and AIS A (11/44, 25%) patients. Only 10 patients
(10/86, 11.63%), all AIS D, returned to a preinjury state (i.e., AIS
E). The degree of AIS grade improvement between admission and
the 6-month follow-up was signiﬁcant (marginal homogeneity
test, P < 0.0001) (Figure 2). There was a signiﬁcant difference in
the rate of AIS grade improvements among AIS groups (overall
P ¼ 0.001). Post hoc testing with Bonferroni correction, with
AIS D as reference value, showed that only AIS A patients
improved signiﬁcantly (P ¼ 0.002) (Table 2).
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Table 1. Demographic Data and Presenting Characteristics of the Study Population
Demographic Data and
Presenting Characteristics

Total Spinal Cord
Injury (n [ 86)

Early Surgery
£48 Hours (n [ 31)

Late Surgery
>48 Hours (n [ 55)

40.23  15.04

41.77  14.56

39.36  15.36

0.479

67/19

27/4

40/15

0.123

Motor vehicle accident

37 (43.02)

17 (54.84)

20 (36.36)

0.135

Fall

31 (36.05)

7 (22.58)

24 (43.64)

Sport accident

15 (17.44)

5 (16.13)

10 (18.18)

3 (3.49)

2 (6.45)

1 (1.82)

Age (years)
Sex (male/female)

P Value*

Injury mechanisms

Others
Time interval

6.89  9.66

9.88  11.36

5.21  8.2

0.015

122.35  97.17

40.9  12.64

168.25  93.01

<0.001

Upper cervical (C1-4)

19 (22.09)

5 (16.13)

14 (25.45)

0.316

Lower cervical (C5-7)

27 (31.4)

13 (41.94)

14 (25.45)

Thoracic (T1-11)

12 (13.95)

2 (6.45)

10 (18.18)

Thoracolumbar (T12L1)

19 (22.09)

7 (22.58)

12 (21.82)

Lumbar (L25)

9 (10.47)

4 (12.9)

5 (9.09)

Injury to hospital visit (hours)
Injury to surgery (hours)
Injury level

American Spinal Injury Association Impairment Scale grade
Admission
A

44 (51.16)

11 (35.48)

33 (60)

B

18 (20.93)

7 (22.58)

11 (20)

C

10 (11.63)

6 (19.35)

4 (7.27)

D

14 (16.28)

7 (22.58)

7 (12.73)

A

44 (51.16)

11 (35.48)

33 (60)

B

18 (20.93)

7 (22.58)

11 (20)

C

10 (11.63)

6 (19.35)

4 (7.27)

D

14 (16.28)

7 (22.58)

7 (12.73)

A

42 (48.84)

10 (32.26)

32 (58.18)

B

15 (17.44)

7 (22.58)

8 (14.55)

C

13 (15.12)

6 (19.35)

7 (12.73)

D

16 (18.6)

8 (25.81)

8 (14.55)

A

33 (38.37)

8 (25.81)

25 (45.45)

B

15 (17.44)

4 (12.9)

11 (20)

C

13 (15.12)

5 (16.13)

8 (14.55)

D

15 (17.44)

8 (25.81)

7 (12.73)

E

10 (11.63)

6 (19.35)

4 (7.27)

0.109

Preoperative
0.109

Postoperative
0.145

6 months after injury
0.134

Continues
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Table 1. Continued
Demographic Data and
Presenting Characteristics

Total Spinal Cord
Injury (n [ 86)

Early Surgery
£48 Hours (n [ 31)

Late Surgery
>48 Hours (n [ 55)

P Value*

Methylprednisolone administration
No

25 (29.07)

7 (22.58)

18 (32.73)

Yes

61 (70.93)

24 (77.42)

37 (67.27)

28.57  38.17

22.68  15.31

31.89  46.17

Hospital stay (days)

0.32

0.072

Data are shown as means  standard deviation or as number (%).
Bold numbers correspond to significant P values.
2
*c test or Fisher exact test for categorical factors. Student t test or Mann-Whitney U test for continuous factors.

Early Surgery Group. In the early surgery group, 11 AIS A (35.48%),
7 AIS B (22.58%), 6 AIS C (19.35%), and 7 AIS D (22.58%) patients
were recorded at admission. Nineteen patients (61.29%) showed
AIS improvements of at least 1 AIS grade at 6 months after injury,
whereas the other 12 (38.71%) patients’ grades remained
unchanged. AIS D patients (6/7, 85.71%) showed most improvements, followed by AIS C (5/6, 83.33%), AIS B (5/7, 71.43%), and
AIS A (3/11, 27.27%) patients. Six patients (6/31, 19.35%), originally
AIS D, were evaluated as AIS E at 6 months after injury. The
degree of AIS grade improvement between admission and the
6-month follow-up was signiﬁcant (marginal homogeneity test,
P < 0.0001). There was a signiﬁcant difference in the rate of AIS
grade improvement between admission and the 6-month followup (overall P ¼ 0.048). Post hoc testing with Bonferroni correction, with AIS D as reference value, again showed that AIS A was
the only grade that showed signiﬁcant improvement (P ¼ 0.015)
(Table 3; Figure 3A).
Late Surgery Group. In the late surgery group, 33 AIS A (60%), 11
AIS B (20%), 4 AIS C (7.27%), and 7 AIS D (12.73%) patients were
recorded at admission. Six months after injury, 21 patients (38.18%)

60.0

Number of patients (%)

51.2
50.0
40.0

38.4

30.0
20.9
20.0

17.4
11.6

15.1

16.3 17.4
11.6

10.0
0.0
0.0
A

B

Admission

C

D

showed improvement of at least 1 AIS grade, whereas the remaining
34 patients (61.82%) showed no changes. AIS B (7/11, 63.64%)
patients showed most improvement, followed by AIS D (4/7,
57.14%), AIS C (2/4, 50%), and AIS A (8/33, 24.24%). Four patients
(4/55, 7.27%), originally AIS D, were graded as AIS E after 6
months. The degree of AIS grade improvement between admission
and the 6-month follow-up was signiﬁcant (marginal homogeneity
test, P < 0.0001). The AIS grades tended to show differences in the
rate of improvement by the 6-month follow-up but did not reach
statistical signiﬁcance (P ¼ 0.060) (Table 4; Figure 3B).
Comparison Between Complete (AIS A) and Incomplete (AIS B, C,
and D) SCI Groups
To investigate the clinical impact of the initial AIS grades on
functional outcome, we further classiﬁed patients into complete
and incomplete SCI groups according to their admission data.
Forty-four and 42 patients were assigned to the complete and
incomplete SCI groups, respectively. The grading in the complete
and incomplete SCI groups at 6 months after injury is shown in
Table 5. Twenty-nine patients in the incomplete SCI group
(69.05%) showed AIS grade improvements; this rate of improvement was signiﬁcantly higher than in the complete SCI group
(P < 0.001) (Table 5).
In the early surgery group, 3 patients (3/11, 27.27%) with
complete SCI showed AIS grade improvements at the 6-month
follow-up, whereas 16 patients from the incomplete SCI group
showed AIS grade improvements (Table 6). The rate of AIS grade
improvement was signiﬁcantly higher in the incomplete SCI group
(P ¼ 0.007). In the late surgery group, 8 patients (8/33, 24.24%)
with complete SCI showed AIS grade improvements at the
6-month follow-up, whereas 13 patients (13/22, 59.09%) from the
incomplete SCI group had improved. Again, the rate of AIS grade
improvement was signiﬁcantly higher in the incomplete SCI group
(P ¼ 0.009) (Table 6).

E

6 months follow-up

Figure 2. Distribution of the total study population (%) showing American
Spinal Injury Association Impairment Scale (AIS) grade improvements
between admission and 6 months after injury. AIS grade improvement is
only significantly different for AIS A compared with AIS D, as reference
value (P ¼ 0.002). No significant differences are observed for AIS B
(P ¼ 0.773) and C (P ¼ 0.939) compared with AIS D. The marginal
homogeneity test indicates a significant change over time (P < 0.0001).
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Comparison Among Different Spinal Levels in Early and Late
Surgery Groups
We classiﬁed patients into 3 different spinal levels (cervical,
thoracic, and lumbar) to determine the clinical impact of timing of
surgery in these groups. However, no signiﬁcant difference in the
rate of AIS grade improvement was observed among all groups at
6 months after injury (cervical, early [11/18, 61.11%] vs. late [10/28,
35.71%], P ¼ 0.091; thoracic, early [4/9, 44.44%] vs. late [7/22,
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Table 2. American Spinal Injury Association Impairment Scale Grade Improvements Between Admission and the 6-Month Follow-Up in
the Total Study Population
AIS Grade on
Admission (n [ 86) (n)

A (44)

A, n (%)

B, n (%)

C, n (%)

33 (75)

9 (20.45)

2 (4.55)

B (18)

6 (33.33)

C (10)

33

15

D, n (%)

8 (44.44)

4 (22.22)

3 (30)

7 (70)

D (14)
Total (86)

Patients with Improved
AIS Grade, n (%)

AIS Grade at 6-Month Follow-Up (n [ 86)

13

E, n (%)

Overall P Value*

P Valuey

0.001
11 (25)

0.002

12 (66.67)

0.773

7 (70)

4 (28.57)

10 (71.43)

10 (71.43)

15

10

40 (46.51)

0.939
Reference

Marginal homogeneity test indicated a significant change over time, P < 0.0001.
Bold numbers correspond to significant P values.
AIS, American Spinal Injury Association Impairment Scale.
2
*c test was used.
yBonferroni correction was used; the significance level was adjusted to P ¼ 0.0167 (0.05/3 ¼ 0.0167).

31.82%], P ¼ 0.683; lumbar, early [4/4, 100%] vs. late [4/5, 80%],
P ¼ 1) (Table 7).

signiﬁcance (early [16/20, 80%] vs. late [13/22, 59.09%, P ¼ 0.093]
(Table 8; Figure 4).

Comparison Between Early and Late Surgery Groups
There was no signiﬁcant difference in AIS grades between early
and late surgery groups on their admission (P ¼ 0.109). However,
19 patients (19/31, 61.29%) from the early surgery group showed
AIS grade improvements at 6 months after injury, compared with
21 patients (21/55, 38.18%) from the late surgery group (P ¼ 0.039).
The rates of AIS grade improvement at 6-months after injury are
shown in Table 8.
No signiﬁcant difference in the rate of AIS grade improvement
was observed between the complete and incomplete SCI groups by
6 months after injury (early [3/11, 27.27%] vs. late [8/33, 24.24%],
P ¼ 1.000). However, the incomplete SCI group showed a difference of approximately 20%, although this did not reach statistical

Clinical Factors Associated with AIS Grade Improvements
We used univariate and multivariate logistic regression analyses to
determine the factors that may be associated with AIS grade
improvement (Table 9). Because of the small sample size in the
various injury level distributions (Table 1), we categorized
patients into 3 simpler groups: cervical (C1-7), thoracic (T1-11),
and thoracolumbar and lumbar (T12-L5). In univariate analysis,
only injury level, AIS grade on admission, early surgery, and length
of hospital stay were signiﬁcantly associated with AIS grade
improvement. Multivariate analyses were performed using these
signiﬁcant factors, and only thoracolumbar and lumbar level injury
and AIS B and AIS D grades at admission remained signiﬁcantly
associated with AIS grade improvement. The time interval

Table 3. American Spinal Injury Association Impairment Scale Grade Improvements Between Admission and the 6-Month Follow-Up in
the Early Surgery Group (48 Hours)
AIS Grade on
Admission (n [ 31) (n)

A (11)

A, n (%)

B, n (%)

8 (72.73)

2 (18.18)

1 (9.09)

2 (28.57)

3 (42.86)

2 (28.57)

1 (16.67)

5 (83.33)

B (7)
C (6)

C, n (%)

D (7)
Total (31)

Patients with Improved
AIS Grade, n (%)

AIS Grade at 6-Month Follow-Up

8

4

5

D, n (%)

E, n (%)

Overall P Value*

P Valuey

0.048
3 (27.27)

0.015

5 (71.43)

0.515

5 (83.33)

0.906

1 (14.29)

6 (85.71)

6 (85.71)

Reference

8

6

19 (61.29)

Marginal homogeneity test indicates a significant change over time, P < 0.0001.
Bold numbers correspond to significant P values.
AIS, American Spinal Injury Association Impairment Scale.
*Fisher exact test was used.
yBonferroni correction was used; the significance level was adjusted to P ¼ 0.0167 (0.05/3 ¼ 0.0167).
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between injury and surgery did not reach signiﬁcance in the
multivariate analysis.

A
Number of patients (%)
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Figure 3. Distribution of American Spinal Injury Association Impairment
Scale (AIS) grade improvements between admission and 6 months after
injury. (A) In the early surgery group, the marginal homogeneity test
indicates a significant change over time (P < 0.0001). AIS grade
improvement is only significantly different for AIS A compared with AIS
D, as reference value (P ¼ 0.015). No significant differences are observed
for AIS B (P ¼ 0.515) and C (P ¼ 0.906). (B) In the late surgery group, the
marginal homogeneity test indicates a significant change over time (P <
0.0001). However, the AIS grade improvement is not significantly
different for all AIS grades.

The incidence of traumatic SCI is increasing and has signiﬁcant
impacts on patients’ physical, psychological, and social well-being.38 Despite the relatively high incidence of these injuries, there
are no clinically validated protocols guiding surgeons about the
appropriate timing for surgical intervention. Hence, it is
essential to quantify the functional outcome of these injuries,
based on different time intervals, to minimize the devastating
complications, improve understanding of the injury, and provide
efﬁcient treatment.
Several studies have investigated the ideal timing for surgical
intervention for SCI, but the results remain controversial, mainly
because of the deﬁnitions of early and late surgery. According to a
multicenter international prospective cohort study (STASCIS
[Surgical Treatment of Acute Spinal Cord Injury Study]), early
surgery (within <24 hours after injury) was recommended for
cervical SCI, because it showed improved neurologic outcome and
decreased complications at the 6-month follow-up. Other studies
deﬁned early surgery as being within 72 hours of injury and
concluded that early surgery was superior in terms of neurologic
outcomes, compared with those of delayed surgery. Despite
various deﬁnitions of early surgery, no consensus has been
reached about surgery performed within 48 hours of injury.
Furthermore, most previous studies were limited to cervical and
thoracic SCI, and hence, the results could not be generalized to
SCI involving other vertebrae, including thoracolumbar and lumbar spine regions, because of physiologic and anatomic
differences.
Recently, many studies have advocated early surgery, using the
24-hour deﬁnition, for SCI. The time limit for early surgery has
been shortened in the past few decades. A multicenter study, reported in Austria in 2017,39 even deﬁned the time interval into very
early (within 5 hours of injury) and early (within 5e24 hours after
injury) surgery groups and concluded that no additional

Table 4. American Spinal Injury Association Impairment Scale Grade Improvements Between Admission and the 6-Month Follow-Up in
the Late Surgery Group (>48 Hours)
AIS Grade on
Admission (n [ 55) (n)

A (33)

A, n (%)

B, n (%)

C, n (%)

25 (75.76)

7 (21.21)

1 (3.03)

4 (36.36)

5 (45.45)

2 (18.18)

7 (63.64)

2 (50)

2 (50)

2 (50)

B (11)
C (4)
D (7)
Total (55)

Patients with Improved
AIS Grade, n (%)

AIS Grade at 6-Month Follow-Up

25

11

8

D, n (%)

Overall P Value*

E, n (%)

0.060
8 (24.24)

3 (42.86)

4 (57.14)

4 (57.14)

7

4

21 (38.18)

Marginal homogeneity test indicates significant change over time, P < 0.0001.
Bold numbers correspond to significant P values.
AIS, American Spinal Injury Association Impairment Scale.
*Fisher exact test was used.
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Table 5. American Spinal Injury Association Impairment Scale Grade Improvements Between Admission and the 6-Month Follow-Up in
the Complete and Incomplete SCI Groups
Patients with Improved
AIS Grade, n (%)

AIS Grade at 6-Month Follow-Up (n [ 86)

Group (n)

Complete SCI (44)

A, n (%)

B, n (%)

C, n (%)

33 (75)

9 (20.45)

2 (4.55)

6 (14.29)

11 (26.19)

15 (35.71)

10 (23.81)

29 (69.05)

15

13

15

10

40 (46.51)

Incomplete SCI (42)
Total (86)

33

D, n (%)

P Value*

E, n (%)
11 (25)

<0.001

Bold numbers correspond to significant P values.
AIS, American Spinal Injury Association Impairment Scale; SCI, spinal cord injury.
*Fisher exact test was used.

neurologic beneﬁt was recorded in the very early group compared
with the early group. Despite the perception that early surgery
yields a more favorable outcome, it is practically difﬁcult to
perform surgery within this limited period. Surgery within 5
hours of injury was possible in Austria because of the Austrian
prehospital transportation system and the availability of trauma
units that were supported by the national health care system.39
According to a survey of 971 neurosurgeons, about 80% of
respondents were proponents of early surgery, but <50% of
these surgeons found it possible to perform surgery within 24
hours after SCI, because of a lack of facilities requisite for early
surgery and because of the increase in trauma events at
weekends.40 Hence, early surgery may best be performed only at
dedicated centers where the resources to manage these complex
patients are available. However, many studies have speciﬁed 24
hours as the cutoff for early surgery.41 We believe that early
surgery should not be deﬁned in terms of the least amount of
time but rather as the minimum time required to review the
patient thoroughly and to stabilize the patient’s health status
before surgery. The patient must be hemodynamically stable to
undergo surgery for SCI safely.42 We exclusively deﬁned early

surgery as within 48 hours after injury, to establish whether this
cutoff time, which seems practically feasible to most
neurosurgeons, is also beneﬁcial for surgical intervention after
SCI.
Surgery is superior in terms of neurologic recovery, compared
with conservative treatment, for patients with SCI with vertebral
fractures.43,44 Conservative management in patients with SCI may
carry a risk of up to 10% for neurologic deterioration.45
Accordingly, upfront decompressive surgery should be
recommended in the event of SCI, but the pros and cons
regarding early surgery have been controversial.
The opponents of early surgery emphasize the chance of injury
to an already damaged and susceptible cord in the early phase.46
The patient may be in a medically vulnerable state and may be
too uninformed to undergo surgery, and the complication rate
might be higher after early surgery.39 Later surgery also provides
sufﬁcient time to detect missed injuries and evaluate other
possible associated injuries, and thereby facilitates a more stable
health condition before surgery.47
The proponents of early surgery consider that data from animal
studies and basic science suggest that early surgery is better in

Table 6. American Spinal Injury Association Impairment Scale Grade Improvements Between Admission and the 6-Month Follow-Up in
the Early and Late Surgery Groups
Group (n)

AIS Grade at 6-Month Follow-Up
A, n (%)

B, n (%)

C, n (%)

8 (72.73)

2 (18.18)

1 (9.09)

2 (10)

4 (20)

7 (21.21)

1 (3.03)

4 (18.18)

7 (31.82)

D, n (%)

E, n (%)

8 (40)

6 (6/20, 30)

Patients with Improved
AIS Grade, n (%)

P Value*

3 (27.27)

0.007

Early surgery (31)
Complete SCI (11)
Incomplete SCI (20)

16 (80)

Late surgery (55)
Complete SCI (33)

25 (75.76)

Incomplete SCI (22)

8 (24.24)
7 (31.82)

4 (18.18)

0.009

13 (59.09)

Bold numbers correspond to significant P values.
AIS, American Spinal Injury Association Impairment Scale; SCI, spinal cord injury.
*Fisher exact test was used.
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Table 7. Comparison of American Spinal Injury Association
Impairment Scale Grade Improvements According to Early and
Late Surgery in Different Spinal Levels

Spinal Level (n)

Improved American Spinal Injury
Association Impairment Scale Grade
at 6-Month Follow-Up, n (%)

P Value*

Cervical (46)
Early surgery (18)

11 (61.11)

Late surgery (28)

10 (35.71)

0.091

Thoracic (31)
Early surgery (9)

4 (44.44)

Late surgery (22)

7 (31.82)

0.683

Lumbar (9)
Early surgery (4)

4 (100)

Late surgery (5)

4 (80)

1

*c test or Fisher exact test was used.
2

terms of neurologic outcomes.3 When secondary injury is
triggered via sustained cord compression, spinal instability or
associated neurologic deﬁcits may be worsened, and hence,
early decompression is essential for preventing further
neurologic deterioration.2 Recently, a meta-analysis was performed to scrutinize the outcomes between early (<24 hours of
injury) and late surgery (>24 hours after injury).2 The study
concluded that early surgery was signiﬁcantly related to
improved neurologic outcome, reduced length of hospital stay,
and fewer complications. Another systematic review and metaanalysis48 deﬁned early surgery as within 72 hours of injury and
reported that early surgery was signiﬁcantly associated with
improved neurologic outcomes. We believe that both arguments
for and against early surgery are valid and that deﬁning the
precise time for early surgery is difﬁcult. Nevertheless, as proved
in our study, 48 hours may be an appropriate time for
stabilizing the patient and reviewing the patient thoroughly
before surgery.

Throughout our study, we observed that the rate of AIS grade
improvement was signiﬁcantly higher in the early surgery group
than in the late surgery group. The improvement was not significant when patients were categorized into complete and
incomplete SCI groups. However, although no clear difference
was observed in the complete SCI group (early, 3/11, 27.27% vs.
late, 8/33, 24.24%; P ¼ 1.000), the incomplete SCI group showed
some marked improvement (approximately 20% AIS grade
improvement) in the early surgery group (early, 16/20, 80% vs.
late, 13/22, 59.09%; P ¼ 0.093). The lack of statistical signiﬁcance
may be the result of the small sample size in the incomplete SCI
group. This theory may be prudently interpreted as indicating that
early surgery should be promptly recommended to patients with
incomplete SCI, whereas patients with complete SCI have usually
experienced severe trauma,49 and hence, stabilizing their
hemodynamic condition and evaluating other associated injuries
before surgery should take priority. Although early surgery may
be essential for all patients with SCI, it seems more important
for those with incomplete SCI. To our knowledge, this
dichotomy has not previously been reported, and this fact could
partly explain why the correlation between early surgery and
complete SCI has been weak in some studies.22,30 Moreover, a
recent study39 reported that patients with complete SCI are likely
to have better neurologic outcomes if they are operated on after
5 hours; this effect was not observed in a group with incomplete
SCI. Those investigators emphasized the importance of the
minimum time required to stabilize the patient’s vital signs
before the surgery, especially in patients with complete SCI.
Several factors have been reported to affect the rate of
neurologic recovery in patients with SCI. These factors include
initial AIS grade on admission, the level of SCI, trauma mechanism, and the patient’s age.7,9,44,50,51 The initial AIS grade on
admission is known to be the most important factor for predicting neurologic recovery.9 The AIS classiﬁcation is most
widely accepted for evaluating the extent of neurologic deﬁcits
after SCI and it simply grades patients from A (complete motor
and sensory injury) to E (normal neurologic state).8 The rate of
neurologic improvements varies according to AIS grades in
many studies, but generally, the improvement rate for AIS
grade A is reported to be approximately 20%e45%, whereas
the rates for AIS C and D are as high as 60%e75%.7,52 These

Table 8. Comparison of American Spinal Injury Association Impairment Scale Grade Improvements According to Early and Late Surgery
Patients with Improved American Spinal Injury
Association Impairment Scale Grade, n (%)

Group (n)

Timing of Surgery (Hours)

Total study population (86)

Early (48)

19 (61.29)

Late (>48)

21 (38.18)

Early (48)

3 (27.27)

Late (>48)

8 (24.24)

Complete spinal cord injury (44)

Incomplete spinal cord injury (42)

Early (48)

16 (80)

Late (>48)

13 (59.09)

P Value*
0.039

1.000

0.093

Bold numbers correspond to significant P values.
2
*c test was used.
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Figure 4. Comparison of early and late surgery groups
for American Spinal Injury Association Impairment
Scale grade improvements in the total study population,
complete spinal cord injury (SCI) group, and incomplete
SCI group. American Spinal Injury Association
Impairment Scale grade improvements are significantly

results were in agreement with our study. After controlling for
potential confounding factors by logistic regression in our study,
the odds of AIS grade improvement were signiﬁcantly greater in
the AIS D compared with the AIS A (odds ratio, 5.159; CI, 1.
234e21.562; P ¼ 0.025) group. This ﬁnding indicates that the
odds of improving AIS grades were approximately 5 times greater
in AIS D patients.
The level of SCI is another important factor determining the
neurologic outcome. In SCI, patients with thoracic level injuries
are known be less likely to recover neurologically than are patients with injuries at the cervical level.9 On the other hand,
thoracolumbar and lumbar level injuries usually have a more
favorable outcome,52 because the spinal cord is absent from
these vertebrae.1 The beneﬁt of early surgery was not
signiﬁcant when analysis focused on different levels of surgery.
Because of the small number of patients in each group,
statistical analyses may have been underpowered, and hence, it
was difﬁcult to clarify the true role of early surgery in these
groups. Nevertheless, the cervical SCI group showed some
tendency toward statistical signiﬁcance (P ¼ 0.091). We tried
to compare our results with other studies, but most studies
investigating early surgery in SCI focus on the cervical spine.46
Hence, we exclusively included all types of SCI in our study
and proved that early surgery should also be recommended to
patients with thoracolumbar and lumbar injuries. Compared
with patients with cervical level injuries, patients with
thoracolumbar and lumber injuries are more likely to improve
their AIS grade, by 4.4640-fold (CI, 1.284e15.523; P ¼ 0.019),
whereas thoracic injuries are less likely to heal (odds ratio, 0.280,
CI; 0.082e0.962; P ¼ 0.043). Cervical injuries are often more
serious and life-threating than other injuries, because they can
involve phrenic nerve damage and hence cause respiratory
dysfunction.39
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Late
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different in the total study population (P ¼ 0.039). No
significant difference is observed in the complete
(P ¼ 1.000) and incomplete (P ¼ 0.093) SCI groups
individually. However, a noticeable improvement
(approximately 20%) is observed in the incomplete SCI
group.

According to the literature, age and administration of MP inﬂuence the outcomes of patients with SCI. Reported data suggest
a poor neurologic outcome for older patients,53 whereas
administration of MP within 8 hours of surgery shows some
beneﬁt according to the NASCIS II guideline.37 However, we
encountered no signiﬁcant difference in terms of AIS grade
improvement according to these factors.
Limitations and Strengths
The study was limited by its retrospective and single-institutional
design. Selection bias must be considered in terms of the surgeon’s preference and scheduling conﬂicts for deciding on early or
late surgery. The AIS grade was not evaluated by a single physician
for all patients with trauma, which may have introduced variation.
This study also did not include the types of spinal decompression
and stabilization procedures used. Surgeons may perform
different operations according to their levels of expertise. Patients
with trauma visit hospitals unexpectedly and represent a heterogeneous patient population. These considerations may lead to
imprecise interpretations of our results. To address this situation,
we further analyzed our study using a multivariable logistic
regression model to account for various confounding factors. This
strategy enabled us to conclude that early surgery is signiﬁcantly
and independently associated with a better rate of AIS grade
improvement during the follow-up period.
We did not classify the reasons for deciding on early or late
surgery. These reasons may include the patient’s health status,
surgeon’s preference, or decisions of other physicians (intensivists
or anesthesiologists). The rates and types of complications related
to different timing of surgery were not studied. Different types and
duration of rehabilitation programs provided to patients with SCI
may also affect the outcomes. The severity of spinal compression
observed on magnetic resonance imaging scan should also be
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Table 9. Clinical Factors Associated with American Spinal Injury Association Impairment Scale Grade Improvements at 6 Months After
Spinal Cord Injury
Univariate

Clinical Factor

Odds Ratio

Age

0.997

Multivariate

95% Confidence
Interval

P Value

0.969

1.026

0.825

0.377

2.900

0.932

Odds Ratio

95% Confidence
Interval

P Value

Sex
Male

1.000

Female

1.045

Injury mechanisms
Motor vehicle accident

1.000

Fall

0.614

0.234

1.608

0.664
0.321

Sport accident

0.567

0.168

1.917

0.361

Others

0.425

0.035

5.106

0.500

Injury level
Cervical (C1-C7)

1.000

0.001

1.000

Thoracic (T1-11)

0.280

0.082

0.962

0.043

0.498

0.129

1.912

0.028
0.310

Thoracolumbar and lumbar (T12-L5)

4.464

1.284

15.523

0.019

3.905

1.044

14.065

0.043

0.362

2.335

0.859

Methylprednisolone administration
No

1.000

Yes

0.919

American Spinal Injury Association Impairment Scale grade on admission
A

1.000

B

6.000

1.818

C

7.000

1.539

D

7.500

1.953

0.001

1.000

0.027

19.805

0.003

4.311

1.209

15.370

0.024

31.843

0.012

4.822

0.957

24.295

0.057

28.798

0.003

5.159

1.234

21.562

0.025

Time interval between injury and surgery (hours)
Late surgery (>48)

1.000

Early surgery (48)

2.563

1.038

6.334

0.041

Hospital stay (days)

0.950

0.915

0.987

0.008

Bold numbers correspond to significant P values.

analyzed for a more precise interpretation. All these limitations
should be carefully addressed in a future study to delineate the
optimal timing of surgery more clearly.
This study involved 86 patients with SCI, which is not a
particularly large cohort size. Nevertheless, we were able to show
that surgery within 48 hours of injury is beneﬁcial in terms of
improvement in the AIS grade. We also identiﬁed factors that are
associated with the neurologic outcomes.
CONCLUSIONS
In our study, the initial AIS grade, injury level, and timing of surgery
were the most signiﬁcant independent factors determining the
outcome of patients with SCI. Unlike AIS grade and injury level,

WORLD NEUROSURGERY 118: e513-e525, OCTOBER 2018

which cannot be altered, the decision for timing of surgery is mainly
at the discretion of the treating physician. The decision for timing of
surgery for patients with acute traumatic SCI has been controversial.
Previous studies have shown that early surgery (<24 hours after
injury) should be recommended to these patients. However, this
period may not be adequate for some institutions for the hemodynamic stabilization of the patient and performing this urgent
surgery. For such cases, we recommend that surgery be performed
at least within 48 hours of injury, which also seems beneﬁcial in
terms of neurologic recovery. A prospective randomized clinical
trial, using more speciﬁc time intervals and addressing multiple
confounding factors, is necessary to establish the factors that
improve the outcomes of traumatic SCI.
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