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Abstract
Background: The management of cervical spinal cord injury (SCI) has changed drastically in the last decades, and
surgery is the primary treatment. However, the optimum timing of early surgical treatment (within 24 h or 72 h after
injury) is still controversial. We sought to determine the optimum timing of surgery for cervical SCI, comparing the
length of the intensive care unit (ICU) stay and in-hospital mortality in patients who underwent surgical treatments
(decompression and stabilization) for cervical SCI within 24 h after injury and within 7 days after injury.
Methods: This was a retrospective cohort study using Japan Trauma Data Bank (JTDB) which is a nationwide,
multicenter database. We selected adult isolated cervical SCI patients who underwent operative management
within 7 days after injury, between 2004 and 2015. The main outcome measures were the length of ICU stay and
in-hospital mortality. We grouped the patients into two, based on the time from onset of injury to surgery, an early
group (within 24 h) and a late group (from 25 h to 7 days). Next, we performed multivariable analyses for analyzing
the relevance between the timing of surgery and the length of ICU stay after adjusting for baseline characteristics
using propensity score. We also performed the Cox survival analyses to evaluate in-hospital mortality.
Results: From 236,698 trauma patients registered in JTDB, we analyzed 514 patients. The early group comprised
291 patients (56.6%), and the late group comprised 223 (43.4%). The length of ICU stay did not differ between the
two groups (early, 10 days; late, 11 days; p = 0.29). There was no significant difference for length of ICU stay
between the early and late group even after adjustment by multivariate analysis (p = 0.64). There was no significant
difference in in-hospital mortality between the two groups (the early group 3.8%, the late group 2.2%, p = 0.32), and
no significant difference was found in the Cox survival analysis.
Conclusions: Our study showed that neither the length of ICU stay nor in-hospital mortality after spinal column
stabilization or spinal cord decompression for cervical SCI significantly differed according to the timing of surgery
between 24 h and 7 days.
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Background
Spinal cord injury (SCI) causes several negative outcomes, including physical, mental, economical, and
social impairments that affect not only the patient, but
also their family and caregivers. The number of patients
is increasing yearly, and many studies regarding its treatment have been reported over the last several decades.
Nevertheless, there is no recommended drug therapy for
acute SCI [1, 2], and stabilization and decompression
were only recommended for acute SCI in guidelines
published in 2013 [3].
There are two phases following acute SCI: primary
mechanical injury and secondary cellular injury [4, 5].
Primary mechanical injury is an irreversible damage
caused by initial rapid spinal cord compression and
trauma induced by a fracture or shearing force. Following primary injury, hemorrhage, vasospasm, ischemia,
edema, excitotoxicity, inflammation, and apoptosis may
bring about secondary cellular injury several hours after
trauma, worsening the damage. The current management of SCI involves surgical intervention aimed at preventing and reducing the secondary damage [6].
Many reports comparing the neurological outcomes
and mortality between cervical SCI patients who receive
early surgery (within 24 h or 72 h) and those who receive
late surgery have been published in the last decade.
There are few large studies about the results of surgery
in the early phase of cervical SCI. The results of previous
cohort studies are conflicting. Some studies reported
that early surgical intervention resulted in good neurological outcomes; however, other studies have suggested
that surgery in the early phase worsened neurological
outcomes and survival rates [7–13]. Given this, the
optimal timing of surgical treatment remains unclear.
Moreover, in some countries including Japan, on the
one hand, it may be sometimes difficult to perform an
operation within 24 h after injury in clinical practice, because it requires preparation of an operation room, anesthesiologists, or orthopedists, while on the other hand,
reduction of prolonged intensive care unit (ICU) stay
also has strong clinical implication [14, 15].
The aim of this study was to compare the length of
the ICU along with in-hospital mortality among patients
who had stabilization and/or decompression surgery for
isolated cervical SCI within 24 h and that of within 7
days after trauma, using a Japanese nationwide trauma
database.
Methods
Study design and setting of the study

The institutional ethics committee of the hospital approved the present study. Our analysis did not include
personal identifying information, so the requirement for
written informed consent was waived.
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This was a retrospective cohort study the using Japan
Trauma Data Bank (JTDB) database which is a nationwide, multicenter database administered by The Japanese Association for the Surgery of Trauma and The
Japanese Association for Acute Medicine [16]. This database contained trauma cases classified as Abbreviated
Injury Score (AIS) grade 3 or greater, and 244 hospitals,
which included tertiary care emergency hospital (e.g.,
level I trauma centers) and less specialized emergency
care hospitals, participated in the database [16]. Patients
with cervical SCI (especially isolated cervical SCI cases
without multiple trauma) are transported to not only the
tertiary trauma centers but also the less specialized hospitals in Japan. The patients were registered in the JTDB
at the last hospital if they were transferred to another hospital. The database contained information regarding patients’ age, sex, vital signs on scene, vital signs in the
emergency room, mechanism of injury, diagnosis, AIS
score [17], Injury Severity Score (ISS) [18], medical cares,
ward, length of ICU stay, and length of hospital stay and
mortality. Diagnosis and coding of the AIS were performed
by doctors in charge of each institution. This database
followed the patients till they discharged of the hospitals,
transferred to other hospitals, or died in the hospitals.

Definition and patient selection

We used the information on trauma patients enrolled in
the JTDB between 2004 and 2015. We defined cervical
SCI and graded the severity of cervical SCI using the
AIS 2005 update 2008 code. For cervical SCI, AIS scores
were coded from 1 to 6; a bigger number indicated a
more severe neurological status. AIS 6 meant currently
untreatable [17].
Inclusion criteria were as follows: (1) adult (15 years
and above) patients, (2) having blunt isolated cervical
SCI, (3) having undergone surgery within 7 days after injury, and (4) being admitted to the ICU. The exclusion
criteria were as follows: (1) patients coded AIS 6
(currently untreatable patients), (2) absence of information about mortality, and (3) having died within 7 days
after admission. We excluded patients who died within
7 days to avoid immortal time bias [19].
We grouped the participants into two groups: the early
group who underwent surgery within 24 h after injury,
and the late group who underwent surgery between 25
and 168 h (7 days) after injury. There is no standard definition for “early” surgical intervention in the literature
regarding surgery for SCI with the range of “early”
surgery being from within 4 h of injury to within 72 h of
injury. The more recent trend is to define surgery within
24 h of injury as “early” surgery, and therefore, we defined early surgery as decompression or stabilization
within 24 h of injury in the present study [7, 20, 21].
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Outcome measures

The primary outcome was the length of ICU stay. The
secondary endpoint was in-hospital mortality.
Statistical analysis

We grouped cervical cord injury patients who underwent surgical management into two groups: the early
group and the late group according to timing of surgery.
To compare the two groups, we compared categorical
variables of the patients’ baseline characteristics using a
chi-square or Fisher’s test. We analyzed continuous variables using the Student t test or Mann–Whitney U test,
appropriately. We further performed a sub-group analysis and evaluated the relationship between the timing
of surgery (day 1 to 7) and the outcomes, using Mantel–
Haenszel trend test. We then performed multiple imputation, by which each missing value was replaced with a
set of five substitute plausible values, to decrease the bias
caused by incomplete data. A multivariable regression
model was constructed for each imputed data set, and a
single model was created by statistical inference about
the results of the five imputed datasets [22, 23]. Next,
the propensity score was estimated using a logistic regression model adjusted for the patient characteristics,
cause of injury, and vital signs at the scene and on
admission, as these variables have been shown to be
prognostic predictors in previous studies (age, gender,
prehospital vital signs, vital signs on hospital arrival,
body temperature on arrival, GCS on arrival, ISS, and
cervical AIS) [16, 21, 24]. We then performed a linear

Fig. 1 Flow diagram for patient selection
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regression analysis for the length of the ICU stay for cervical SCI to compare different surgery timings. Lastly,
we used the Cox proportional hazard regression analysis
with variables that were the timing of operation (24 h vs.
7 days), the aim of operation (stabilization and decompression), and the propensity score to evaluate the secondary outcome, in-hospital mortality. The statistical
significance threshold was a p value of less than 0.05. All
analyses were carried out using SPSS software (IBM
Corp., Armork, NY, USA, version 23).

Results
From a total of 236,698 trauma patients registered in
the JTDB, we selected 514 patients who were diagnosed
with isolated cervical SCI and underwent surgical treatment within 7 days (Fig. 1). Table 1 shows the patient
demographic data in the early and late groups. Two
hundred and ninety-one (56.6%) patients were operated
on within less than 25 h after trauma. The ISS and AIS
scores were significantly different in the two groups
(p < 0.01 and p < 0.01); however, there was no significant difference in other variables. The procedures and
outcomes are demonstrated in Table 2. The median
time from the occurrence of injury to the start of surgical management was 8 h in the early group and 75 h in
the late group (p < 0.01). Regarding the aims of surgery,
stabilization tended to be a more frequent aim in the
late group (p < 0.01). There was no significant difference in the length of hospital stay between the early
and late groups (47 days vs. 36 days, p = 0.32).
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Table 1 Demographics and clinical characteristics
Variables

Early group (n = 291)

Late group (n = 223)

p value

Age, years

65.0 (51.3–73.0)

65.0 (53.3–76.0)

0.50

Male, sex

240/290 (82.8)

185/223 (83.0)

0.95

123 (100–144)

128 (106–147)

0.75

74 (63–84)

72 (64–83)

0.97

Prehospital sBP
Prehospital PR
Prehospital RR

18 (18–24)

20 (18–24)

0.33

124 (106–143)

132 (109–152)

0.04

PR on arrival

70 (60–82)

70 (62–83)

0.88

RR on arrival

20 (16–22)

20 (16–23)

0.43

36.1 (35.4–36.7)

36.3 (35.6–36.8)

0.84

15 (14–15)

15 (14–15)

0.54

16.5 (16.0–25.0)

16.0 (14.0–21.8)

sBP on arrival

Body temperature on arrival
GCS on arrival
Injury Severity Score
Cervical Abbreviated Injury Score
2

14/291 (4.8)

15/223 (6.7)

3

46/291 (15.8)

57/223 (25.6)

4

124/291 (42.6)

103/223 (46.2)

5

107/291 (36.8)

48/223 (21.5)

Traffic accident

72/290 (24.8)

56/221 (25.3)

Fall

189/290 (65.2)

146/221 (66.1)

Sports

12/290 (4.1)

8/221 (3.6)

17/290 (5.9)

11/221 (5.0)

Cause of injury

Others

< 0.01
< 0.01

0.96

Data given as number of positive observations/total number of observations (percentage) or as median (interquartile range). For each variable, the number of
missing observations can be obtained as the difference between the total number of patients in each phase and the total number of observations. sBP systolic
blood pressure, PR pulse rate, RR respiratory rate, GCS Glasgow Coma Scale

For the primary outcome, the median length of
ICU stay was 10 days in the early group and 11 days
in the late group (p = 0.87). There were no significant differences in the length of ICU stay among 7
days as presented in Fig. 2 (Mantel–Haenszel trend
test, p = 0.79). There was no significant difference for

the length of ICU stay between the early and late
group even after adjustment for the timing of surgery, the aim of surgery (stabilization and decompression), and the propensity score calculated by
variables about patient characteristics using multivariate analysis (p = 0.64).

Table 2 Procedures, ICU periods, hospital periods, and mortality
Variables

Early group (n = 291)

Late group (n = 223)

p value

Traction

23/291 (7.9)

24/223 (10.8)

0.27

169/291 (58.1)

164/223 (74.5)

Aim for Surgery
Stabilization

< 0.01

Decompression

56/291 (19.2)

35/223 (15.7)

Stabilization and decompression

52/291 (17.9)

20/223 (9.0)

Others

14/291 (4.8)

4/223 (1.8)

Time from injury to surgery, hours

8 (5–13)

75 (42–111)

< 0.01

Length of ICU stay, days

10 (3–39)

11 (4–28)

0.87

Length of hospital stay, days

48 (27–66)

34 (21–57)

0.29

In-hospital mortality

11/291 (3.8)

5/223 (2.2)

0.32

Data given as number of positive observations/total number of observations (percentage) or as median (interquartile range). For each variable, the number of
missing observations can be obtained as the difference between the total number of patients in each phase and the total number of observations. ICU intensive
care unit
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Fig. 2 Number of patients, in-hospital mortality, and length of ICU stay for each of the 7 days after injury

For the secondary outcome, there was no significant difference in in-hospital mortality between the two groups
(the early group 3.8%, the late group 2.2%, p = 0.32). There
were no significant differences in the in-hospital mortality
among 7 days (Mantel–Haenszel trend test, p = 0.84). As
shown in Fig. 3, the Cox regression analysis found no significant difference between the early and late operation
for the in-hospital mortality of cervical SCI (p = 0.53)

Discussion
In the current study, we analyzed 514 isolated cervical
SCI cases who received surgery within 1 week after
trauma in Japanese nationwide trauma database. We
found that neither the length of ICU stay nor the in-hospital mortality after spinal column stabilization or spinal
cord decompression for cervical SCI significantly differed according to the timing of surgery between 24 h
and 7 days.
The strength of our study was that we included a large
study population from 244 institutions. Previous reports
on the timing of surgery for SCI included much smaller
sample sizes and/or were not multicenter studies, especially previous reports regarding cervical SCI. Table 1
shows that more patients were classified as AIS 5 in the
early group compared to the late group. Furthermore,
ISS scores tended to be higher in the early group. The
severity of trauma was worse in the early group;
however, other characteristics, such as age, vital signs on
arrival, and cause of injury, were similar among the two
groups. We adjusted these measured confounding

factors using propensity score and multivariable analyses
to evaluate the outcomes in our study. Interestingly,
although the injury to surgery time was longer in the
late group (by definition), there was no significant difference in ICU period as well as hospital stay period in this
cohort. We also found that in-hospital mortality after
spinal column stabilization and/or spinal cord decompression for cervical SCI did not significantly differ according to the timing of surgery between 24 h and 7
days. Although further prospective studies are required
for confirmation, these findings may help to work out a
strategy to manage SCI patients in the future.
Cervical SCI sometimes can be a fatal injury and need
intensive care in the acute phase, so we set the main
outcome to be in the length of ICU stay; however, there
are few studies focused on ICU period in SCI patients
after operative management. Most of the previous studies on SCI included not only cervical SCI, but also thoracic and lumbar SCI, which are generally not lethal
injuries. Low mortality rates were reported, and the
length of hospital stay and complications (for instance,
pulmonary embolism and pneumoniae) were considered
as the main benchmarks of the safety and non-neurological outcomes after early and late surgery in SCI patients in these papers, and the results are conflicting [7,
11, 13, 25]. As for cervical SCI, results on mortality and
other variables in early and late surgery patients are also
controversial [7, 9, 10, 12, 13, 26]. Our large multicenter
study showed no difference in the length of ICU stay
and mortality rates in the early and late surgery groups,
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Fig. 3 Survival curve between early and late surgery after operation. Early surgery, operation performed within 24 h; late surgery, operation
performed from 25 h to 7 days. The propensity score adjusted Cox regression analysis found no significant difference between early and late
operation for the in-hospital mortality of cervical spinal cord injury (p = 0.53)

so our results may help to resolve this confusing situation. If the timing of surgery is not associated with ICU
days, which is one of the big issues for cervical SCI patients, we will have more choice of clinical treatment. If
we do not perform surgery within 24 h due to some reasons (for example, no orthopedic specialist available or
the patient not being in a suitable condition for general
anesthesia), we can prepare for surgery or transport the
patient to a specialized hospital, even after 24 h.
Limitations

There were some limitations in our study. First, the
JTDB does not contain information about neurological
status before and after surgery. For example, the database did not include Frankel Grade or American Spinal
Injury Association Impairment Scale, so we could not
evaluate the relevance of the timing of surgery for
cervical SCI and neurological improvements, that is, the
efficacy of surgery for SCI. We did assess the severity of
cervical SCI using the AIS; however, many previous
studies have used the levels of injury, in terms of AO
Spine Trauma Classification or Frankel Grade. Therefore, we could not directly compare the present study
with many previous studies. Second, we could not obtain
information about the indication for surgery, the reason
behind the timing of surgery, the comorbidities of the
patients, the complications of the operation, or the cause

of death. Consequently, we could not analyze the direct
effect of timing of surgery on the length of the ICU stay.
Third, this database does not include information about
comorbidities, number of days on ventilator, complications, and neurological status; therefore, whether there
were some causes that had made the hospital stay longer
was not clear in our study. Fourth, regarding the AIS
coding rule about the spine, paralysis should be coded
according to its status at 24 h post-injury [17]. It may be
possible that the current study included the patients
whose AIS could have changed within 24 h as a result of
operation itself or in the natural course (i.e., unrelated to
operation) in the early group.

Conclusion
Our study suggests that even if the injury to surgery
time was longer, there was no significant difference in
the ICU period as well as hospital stay period for
cervical SCI patients who had undergone early and late
surgical management, when it was performed within 1
week of trauma. We also found that there was no significant difference in in-hospital mortality between
early and late procedure for cervical SCI. Although further prospective studies are required for confirmation,
these findings may help to work out a strategy to manage SCI patients.

Tanaka et al. Journal of Orthopaedic Surgery and Research

(2019) 14:302

Abbreviations
AIS: Abbreviated Injury Score; ISS: Injury Severity Score; JTDB: Japan Trauma
Data Bank; SCI: Spinal cord injury
Acknowledgements
Not applicable.
Authors’ contributions
CT conceived of the study, participated in its design and coordination and in
the data analysis, and drafted the manuscript. TT participated in the
designing of the study, the data analysis, and the drafting of the manuscript.
JK, RF, FN, SS, AK, SK, MK1, MK2, and KU participated in the designing of the
study and the drafting of the manuscript. All authors read and approved the
final manuscript.
Funding
This work was supported by funds from the Grants-in-Aid for Scientific Research, Japan (grant number: KAKENHI-15H05685), and the Suzuki Foundation Science Research Fund to Takashi Tagami. The funders had no role in
the execution of this study or interpretation of the results.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request. Please contact
corresponding author for data requests.
Ethics approval and consent to participate
The ethics committee of the Nippon Medical School Tama Nagayama
Hospital approved the present study. Our analysis did not include personal
identifying information, so the requirement for written informed consent
was waived.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Received: 10 May 2019 Accepted: 21 August 2019

References
1. Hurlbert RJ. Methylprednisolone for acute spinal cord injury: an
inappropriate standard of care. J Neurosurg. 2000;93(1 Suppl):1–7.
2. Hurlbert RJ, Hadley MN, Walters BC, Aarabi B, Dhall SS, Gelb DE, et al.
Pharmacological therapy for acute spinal cord injury. Neurosurgery. 2015;
76(Suppl 1):S71–83.
3. Gelb DE, Hadley MN, Aarabi B, Dhall SS, Hurlbert RJ, Rozzelle CJ, et al. Initial
closed reduction of cervical spinal fracture-dislocation injuries. Neurosurgery.
2013;72(Suppl 2):73–83.
4. Tator CH, Fehlings MG. Review of the secondary injury theory of acute
spinal cord trauma with emphasis on vascular mechanisms. J Neurosurg.
1991;75(1):15–26.
5. Rowland JW, Hawryluk GW, Kwon B, Fehlings MG. Current status of acute
spinal cord injury pathophysiology and emerging therapies: promise on the
horizon. Neurosurg Focus. 2008;25(5):E2.
6. Li Y, Walker CL, Zhang YP, Shields CB, Xu XM. Surgical decompression in
acute spinal cord injury: a review of clinical evidence, animal model studies,
and potential future directions of investigation. Front Biol (Beijing). 2014;
9(2):127–36.
7. Fehlings MG, Vaccaro A, Wilson JR, Singh A, D WC, Harrop JS, et al. Early
versus delayed decompression for traumatic cervical spinal cord injury:
results of the Surgical Timing in Acute Spinal Cord Injury Study (STASCIS).
PLoS One. 2012;7(2):e32037.
8. Umerani MS, Abbas A, Sharif S. Clinical outcome in patients with early
versus delayed decompression in cervical spine trauma. Asian Spine J. 2014;
8(4):427–34.
9. Liu Y, Shi CG, Wang XW, Chen HJ, Wang C, Cao P, et al. Timing of surgical
decompression for traumatic cervical spinal cord injury. Int Orthop. 2015;
39(12):2457–63.

Page 7 of 7

10. 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 8
hours versus 8 to 24 hours after injury: a single center experience. J
Neurotrauma. 2015;32(18):1385–92.
11. Liu JM, Long XH, Zhou Y, Peng HW, Liu ZL, Huang SH. Is urgent
decompression superior to delayed surgery for traumatic spinal cord injury?
A meta-analysis. World Neurosurg. 2016;87:124–31.
12. Sapkas GS, Papadakis SA. Neurological outcome following early versus
delayed lower cervical spine surgery. J Orthop Surg (Hong Kong). 2007;
15(2):183–6.
13. Kerwin AJ, Frykberg ER, Schinco MA, Griffen MM, Murphy T, Tepas JJ. The
effect of early spine fixation on non-neurologic outcome. J Trauma. 2005;
58(1):15–21.
14. Cook A, Berne J, Norwood S. The incidence and complications of methicillinresistant Staphylococcus aureus in a community level I trauma center. J
Trauma. 2009;67(1):102–7. https://doi.org/10.1097/TA.0b013e3181a599d3.
15. Ong AW, Omert LA, Vido D, Goodman BM, Protetch J, Rodriguez A, et al.
Characteristics and outcomes of trauma patients with ICU lengths of stay
30 days and greater: a seven-year retrospective study. Crit Care. 2009;13(5):
R154. https://doi.org/10.1186/cc8054 Epub 2009 Sep 24.
16. Tanaka C, Tagami T, Matsumoto H, Matsuda K, Kim S, Moroe Y, et al. Recent
trends in 30-day mortality in patients with blunt splenic injury: a nationwide
trauma database study in Japan. PLoS One. 2017;12(9):e0184690.
17. Medicine AftAoA. Abbreviated Injury Scale 2005 update 2008. Barrington
Illinois: Association for the Advancement of Automotive Medicine; 2008.
18. Baker SP, O’Neill B, Haddon W Jr, Long WB. The injury severity score: a
method for describing patients with multiple injuries and evaluating
emergency care. J Trauma. 1974;14(3):187–96.
19. Suissa S. Immortal time bias in pharmaco-epidemiology. Am J Epidemiol.
2008;167(4):492–9.
20. El Tecle NE, Dahdaleh NS, Hitchon PW. Timing of surgery in spinal cord
injury. Spine (Phila Pa 1976). 2016;41(16):E995–e1004.
21. Biglari B, Child C, Yildirim TM, Swing T, Reitzel T, Moghaddam A. Does
surgical treatment within 4 hours after trauma have an influence on
neurological remission in patients with acute spinal cord injury? Ther Clin
Risk Manag. 2016;12:1339–46.
22. Janssen KJ, Donders AR, Harrell FE Jr, Vergouwe Y, Chen Q, Grobbee DE,
KGM M, et al. Missing covariate data in medical research: to impute is better
than to ignore. J Clin Epidemiol. 2010;63(7):721–7.
23. Little RJ, D’Agostino R, Cohen ML, Dickersin K, Emerson SS, Farrar JT,
Frangakis C, et al. The prevention and treatment of missing data in clinical
trials. N Engl J Med. 2012;367:1355–60.
24. Chikuda H, Yasunaga H, Takeshita K, Horiguchi H, Kawaguchi H, Ohe K, et al.
Mortality and morbidity after high-dose methylprednisolone treatment in
patients with acute cervical spinal cord injury: a propensity-matched
analysis using a nationwide administrative database. Emerg Med J. 2014;
31(3):201–6.
25. McKinley W, Meade MA, Kirshblum S, Barnard B. Outcomes of early surgical
management versus late or no surgical intervention after acute spinal cord
injury. Arch Phys Med Rehabil. 2004;85(11):1818–25.
26. Papadopoulos SM, Selden NR, Quint DJ, Patel N, Gillespie B, Grube S.
Immediate spinal cord decompression for cervical spinal cord injury:
feasibility and outcome. J Trauma. 2002;52(2):323–32.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

