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Background: The proper timing for surgery in patients with acute spinal cord injury is
controversial. This study was conducted to detect if there is an advantage in early (within the
first 4 hours after trauma) compared to late (between 4 and 24 hours after trauma) surgery on
neurological outcome.

Methods: In this single institution prospective cohort study, data were analyzed from 51 spinal
cord injured patients with an average age of 43.4 (£19.2) years. The influence of early (29 patients
within the first 4 hours) as opposed to late (22 patients between 4 and 24 hours) decompression
was evaluated by comparing data for neurological outcome. Patients of the study collectively suf-
fered acute spinal fractures from C2 to L3 (cervical 39.2%, thoracic 29.4%, and lumbal 21.6%) or
nonosseous lesions (9.8%). American Spinal Injury Association (ASIA) Impairment Scale (AIS)
grades were assessed at time of admission and 6 months after trauma or longer depending on the time
of release. Surgical treatment included early stabilization and decompression within 24 hours.
Results: No significant difference between improved neurological function, measured with
the AIS, and an early or late surgery time can be seen (P=0.402). Furthermore, binary logistic
regression shows no significant difference between sex or age, and AIS improvement as pos-
sible confounders.

Conclusion: In our study, all patients with spinal cord injury were treated with spine stabiliza-
tion and decompression within the first 24 hours after trauma. Surgical decompression within the
first 4 hours after trauma was not associated with improved neurological outcome compared to
treatment between 4 and 24 hours. In a clinical context, this indicates that there is a time frame
of at least 1 day in which optimal care is possible.
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Background
Traumatic spinal cord injury (SCI) often affects young and healthy people and is
associated not only with physical disability but also financial, social, and psycho-
logical consequences to the individual as well as to those in his social surroundings.’
In addition, this kind of injury involves high costs for insurance companies and the state
and thus for the society.? The incidence of traumatic SCI worldwide is ~29.5 per million
inhabitants and the prevalence is ~485 per million inhabitants.? Currently, there are no
causal therapy options for improvement of neurological outcomes after traumatic SCI.
All treatment options are related to damage containment and early rehabilitation.
The administration of methylprednisolone sodium succinate is controversial. Cochrane
meta-analysis showed evidence supporting motor function recovery in the methylpred-
nisolone sodium succinate group compared to the control group.* While Hurlbert et al
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have been consistently against the use of steroids,* Fehlings
et al have insisted that the use of steroids should be considered
and left as a treatment option at the discretion of physicians.’
There is need for more randomized trials of pharmacologic
therapy for acute SCI.3 The main consensus of opinion in the
literature is regarding early mechanical stabilization and
decompression of the spinal cord.® Decompression allows
the spinal cord to recover and stops the occurrence of further
direct damage to the spinal cord.

Based on pathophysiological criteria, distinctions can be
made between the primary phase of injury, which is caused
by mechanical force on the spinal cord, and the secondary
phase of damage. Edema, necrosis, and ischemia occur in
the first few days after trauma as a result of various vascular
changes.” In addition, biochemical signaling cascades are
activated, which initiate additional pathological processes.?
Because damage in the primary phase cannot be prevented,
all approaches focus on restricting damage in the secondary
phase of the injury. Some animal models have suggested that
surgical decompression of the spinal cord is accompanied by
areduction of secondary damage, as well as an improvement
in motor function.” Clear evidence for a positive neuropro-
tective effect of spinal cord decompression and improved
clinical outcome is still absent. Also, the proper timing for
decompression remains controversial; however, most studies
indicate an enhanced neuroprotective effect after early spinal
cord decompression.’!?

We pursued the question of whether surgical care within
the first 4 hours after trauma has an influence on the patient’s
recovery or if later surgical treatment is sufficient.

Materials and methods

Our study is a prospective, monocentric cohort study. Fifty-
one patients with acute traumatic SCI were treated in our
hospital from 2009 to 2013.

The BG Trauma Center is a level 1 trauma hospital with its
own air ambulance. Patient and accident data were collected,
such as age, sex, course of events, fracture type according to
Arbeitsgemeinschaft Osteosynthese (AO) classification, lesion
site, type of paralysis, date and time of alerting the ambulance,
and American Spinal Injury Association (ASIA) Impairment
Scale (AIS) grade at time of admission and release.

Analysis of prospectively gathered data was done at
least a year after discharge from the hospital due to ethical
concerns. The persons involved in executing this study,
including data analysis, had no influence on initial treatment
or on the course of treatment, such as time of surgery or
type of surgery. They were simply observers in the process.

One should note that the time of hospital discharge was dif-
ferent in patients, making the time interval between the first
and second AIS classification variable.

Inclusion criteria were the following: patients with AIS
A-D were included in the study according to the AIS guide-
lines. All patients had traumatic spinal cord damage. Informed
consent had to be obtained from all participants or next of
kin. Excluded from the study were the following: patients
with nontraumatic acute paralysis, pregnant females, verte-
bral column cancer patients, patients operated on >24 hours
after trauma, patients in a life-threatening situation with an
immediate surgical contraindication, penetration injury, and
preexisting neurological conditions.

Due to available resources, operation after trauma was
achievable within 4 hours in many patients. The patient
pool was divided into two groups: group 1 (G1) contained
all patients who were hospitalized and operated on within
the first 4 hours after trauma; group 2 (G2) contained those
patients who received treatment after 4 hours but within
24 hours after trauma. The ethics committee of the Chamber
of Medicine Rheinland-Pfalz gave their approval to this study
(No 837.266.09).

The neurological examination of the SCI was carried out
according to standard specifications of the ASIA and inju-
ries were characterized according to the neurological level
of injury. The AIS classification system was determined at
the time of admission and before discharge over a 6-month
follow-up period. Upon arrival, all the patients received both
anteroposterior and lateral X-rays as well as a computed
tomography (CT) and magnetic resonance imaging (MRI)
according to standard procedure in order to illustrate the
extent of the fracture and to determine the adequate surgical
procedure. A dorsal decompression of the spinal canal was
done and the segments were stabilized with various proce-
dures. High-grade fractures were treated with open surgery.
If needed, a vertebral body was replaced. In certain circum-
stances, the cleaning of the spinal canal was necessary. To
ensure a safe recovery of the spine, the other patients were
treated in two stages in the following 3—4 weeks with ventral
stabilization (eg, cage implantation). Because all patients
initially received sufficient decompression, the second ventral
surgery performed had no further impact on decompression.
Within 1 week from the date of surgery, another control CT
was performed. Subsequently, patients were divided into
two groups according to time of surgery (surgery under or
over 4 hours after trauma). After surgical stabilization, all
the patients were treated and rehabilitated in a timely manner
according to the standard procedure for SCI.
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Table | Binary logistic regression with odds ratio and Cl: time of
surgery (early or late), age, and sex

Characteristics  Significance = Odds ratio  95% CI for odds
(P-value) ratio
Lower Upper
Time of surgery 0.402 0.591 0.173 2.020
Age 0.526 1.010 0.979 1.043
Sex 0.741 1.272 0.306 5.291

Abbreviation: Cl, confidence interval.

Data analysis

Data analysis was supported by the Institute for Medical
Biometrics and IT at the University of Heidelberg, Germany.
Statistical analysis for consecutive variables was done with
the Student’s #-test. The odds ratio of early and late surgery,
age, and sex with AIS improvement were calculated (Table 1).
Categorical data between groups were compared with the
chi-squared test. Binary logistic regression was applied to
analyze the dependence between neurological outcome and
early or late surgery (Table 1). The presence or absence of
AIS improvement from the initial to final follow-up was
set as the outcome variable. The timing of surgery (early or
late) was set as the predictor variable. Additionally, sex and
age were tested as covariates. Statistical analyses were done
with SPSS Software 22.0 (IBM Corporation, Armonk, NY,
USA). Figures were created with Sigmaplot Software 11.0
(SPSS Inc., Chicago, Illinois, USA).

Results

In this study, 51 patients were included according to inclusion
criteria (initial AIS A—D and compliance of the patient) and
relevant data were evaluated statistically.

Table 2 shows the following parameters: age, sex, lesion
site, type of injury, AO classification, AIS before and at
follow-up, as well as the accident etiology. Dorsal stabilization
with decompression of the spinal cord was carried out in all
patients no later than 24 hours after arrival. After 3—4 weeks,
45 patients received a second ventral surgical procedure to
ensure a safe recovery of the spine. Figure 1 shows pre- and
postoperative imaging of two patients. No complications were
encountered postoperatively. Neurological improvements
were seen in 21 patients from initial to final evaluation. We
divided our patient pool in two groups: G1 (n=29) received
decompression within the first 4 hours after accident; G2
(n=22) was operated on after 4 hours (Table 2). In both groups,
the AIS classification was conducted in awake and responsive
patients. After surgery, as well as in the follow-up period, no
complications or mortalities were observed.

Table 2 gives an overview of the demographics and details
of the two groups. G1 had a mean time of 3.2+0.65 hours
until surgery and G2 8.215.9 hours. The average age of
the patients was 43.4+19.2 (15-86) years. Eleven patients
were females (21.6%) and 40 males (78.4%). The height
of the lesion on the spinal cord was cervical in 22 cases
(43.1%), thoracic in 16 (31.4%), lumbar in 13 (25.5%), and
there were no sacral cases. There was neurological improve-
ment in 21 (41.2%) over the course of the follow-up study
compared to initial AIS grades. There were no significant
differences between the distributions of the sex, lesion site,
type of fracture, etiology, or Glasgow coma scale between
the two groups. However, there was a significant difference
in the distribution of average ages between the early and the
late surgery groups (P=0.028). In the earlier group, patients
tended to be younger.

The classification of fractures was carried out according to
the AO classification. A fractures were recorded in 27 (52.9%)
cases, B fractures in 13 (25.5%) cases, C fractures in six (11.8%)
cases, and nonosseous trauma in five cases (9.8%) (Table 2).

Twenty nine (56.9%) were paraplegic and 22 (43.1%)
tetraplegic. The first AIS measurement revealed 24 (47.1%)
patients with AIS A, eleven (21.6%) patients with AIS B,
eleven (21.6%) patients with AIS C, and five (9.8%) patients
with AIS D. The follow-up after 6 months showed AIS score
measurements of 20 (38.2%) patients with AIS A, three (5.9%)
with AIS B, 12 (23.5%) with AIS C, and 16 (31.4%) with AIS
D. AIS E was seen in one patient (1.8%) (Table 2).

According to the results of the National Acute Spinal
Cord Injury Study 2 and 3, no patient received methylpred-
nisolone or similar corticoids after surgery or in the clinic.'
Only three patients were administered prednisolone by an
emergency physician on location. Blood pressure was taken,
and substantial changes in blood pressure were treated with-
out the use of vasopressors.

Neurological improvement

In G1, 13 (44.8%) of 29 patients had an improved neuro-
logical outcome and 16 (45.2%) showed no change in AIS
grades. In G2, eight (36.4%) of 22 patients had an improved
neurological outcome. Fourteen (63.3%) patients showed no
neurological improvement in the follow-up (Figure 2).

If one considers the binary logistic regression and the odds
ratio, no significant difference between the improvement of
neurological function and early or late surgery could be seen
(P=0.402). There was also no significant difference between
sex (P=0.741) or age (P=0.526) and the AIS improvement
(Table 1). In order to determine if patient groups compared
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Table 2 Patient demographics

Characteristics All patients, N=51 Early (<4 hours), Late (>4 hours), P-value
N=29 N=22
Average age 43.37 +19.23° 38.17 +17.82° 50.23 +18.87¢ 0.028
Sex 0.121
Male 40 78.40% 25 86.20% 15 68.20%
Female I 21.60% 4 13.80% 7 31.80%
Etiology 0.076
High-speed trauma 20 39.20% 12 41.40% 8 36.40%
Fall 22 43.10% 15 51.70% 7 31.80%
Domestic accident 8 15.70% | 3.40% 7 31.80%
Unknown | 2.00% | 3.40% 0 0.00%
AO cervical
A 9 17.60% 5 17.20% 4 18.20%
B 8 15.70% 4 13.80% 4 18.20%
C 3 5.90% 2 6.90% | 4.50%
AO thoracic
A 8 15.70% 5 17.20% 3 13.60%
B 4 7.80% 2 6.90% 2 9.10%
C 3 5.90% 2 6.90% | 4.50%
AO lumbar
A 10 19.60% 5 17.20% 5 22.70%
B | 2.00% | 3.40% 0 0.00%
C 0 0.00% 0 0.00% 0 0.00%
Nonosseous 5 9.80% 3 10.30% 2 9.10%
Level of lesion 0.859
Cervical 22 43.10% 12 41.40% 10 45.50%
Thoracic 16 31.40% 10 34.50% 6 27.30%
Lumbar 13 25.50% 7 24.10% 6 27.30%
AlS improvement 0.543
Yes 21 41.20% 13 44.80% 8 36.40%
No 30 58.80% 16 55.20% 14 63.60%
Initial AIS 0.243
A 24 47.10% 13 44.80% I 50.00%
B I 21.60% 8 27.60% 3 13.60%
C I 21.60% 7 24.10% 4 18.20%
D 5 9.80% | 3.40% 4 18.20%
Final AIS 0.674
A 20 39.20% 12 41.40% 8 36.40%
B 3 5.90% | 3.40% 2 9.10%
C 12 23.50% 8 27.60% 4 18.20%
D 16 31.40% 8 27.60% 8 36.40%
AlS
A (no improvement) 20 39.20% 12 41.40% 8 36.40%
AtoB | 2.00% 0 0.00% | 4.50%
AtoC 3 5.90% | 3.40% 2 9.10%
B (no improvement) 2 3.90% | 3.40% | 4.50%
Bto C 6 11.80% 5 17.20% | 4.50%
BtoD 3 5.90% 2 6.90% | 4.50%
C (no improvement) 3 5.90% 2 6.90% | 4.50%
CtoD 8 15.70% 5 17.20% 3 13.60%
D (no improvement) 5 9.80% | 3.40% 4 18.20%
Glasgow coma scale 13.14 +3.18° 13.33 +2.74 12.82 +3.76° 0.535
Type of injury 0.771
Tetraplegic 22 43.10% 12 41.40% 10 45.50%
Paraplegic 29 56.90% 17 58.60% 12 54.50%

Notes: P-values were shown as either greater or less than 0.05 to indicate a nonsignificant or significant difference between early (G1) and late (G2) surgery groups
(chi-squared test, t-test), respectively. G| was comprised of significantly younger patients than G2. There was no relevant neurological benefit regarding the time of surgery;
*mean + standard deviation.

Abbreviations: AlS, ASIA Impairment Scale; G, group |; G2, group 2; AO, Arbeitsgemeinschaft Osteosynthese [Association for the Study of Internal Fixation].
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in this study (ie, early vs late surgery, or absence vs presence
of neurological improvement) were similar in terms of other
factors, statistical tests were used to compare the groups.
When the patients were grouped according to the absence
or presence of AIS improvement, no significant differences
between groups were found in age (P=0.480), sex (P=0.765),
etiology (P=0.329), height of lesion (P=0.666), or Glasgow
coma scale (P=0.666) according to the Student’s #-test and
chi-squared test. There might have been differences between
both groups, although no significant data was found due to the

size of the patient pool. Nevertheless, the missing significance
between the groups indicates that age, sex, etiology, height
of lesion, and Glasgow coma scale had little influence on the
neurological outcome.

Finally, with regard to the initial type of AIS, there
did appear to be a significant correlation between initial
type of AIS and neurological improvement (P<<0.001).
Overall, 16.7% of AIS-A injuries, 81.8% of AIS-B, 72.7%
of AIS-C, and none of AIS-D injuries showed neurological

improvement.

Figure | Pre- and postoperative imaging of two study patients suffering SCI.

Notes: (A) Preoperative CT scan (sagittal) after injury. (B) Postoperative CT scan (sagittal) after internal fixation. (C) Preoperative CT scan (sagittal) after injury.

(D) Postoperative X-ray lateral.
Abbreviation: CT, computed tomography.
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70 between a significant improvement in neurological outcome
3 Surgery <4 h after SCI . 16

£ 60 /mm Surgery >4 h after SCI and the tllm.e of surgery.'® Chen et al demonstrated that the
S — early (within 4 days) and late (later than 4 days) groups
.‘E— 501 - showed similar results in the follow-up using the AIS and the
% 40 Short Form Health Survey (SF-36)."” Additionally, another
) 20 large study from 2001 by Croce et al with 291 patients failed
..g to supply conclusive information on neurological improve-
9 201 ment and timing of surgery.'® Results of other studies showed

EJ 104 a similar tendency.!*2!
However, there are also studies that support early decom-

0

Improvement  No improvement

AIS improvement

Figure 2 AlIS improvement of patients with early or late stabilization surgery.
Notes: Depicted are the percentages of patients of G| (surgery <4 h, in gray) and
G2 (surgery >4 h, in black) that showed AIS improvement or no improvement
(improvement was measured as an increase in AlS grades).

Abbreviations: AlS, ASIA Impairment Scale; GI, group |; G2, group 2; h, hours;
SClI, spinal cord injury.

Discussion

We conducted a single institution prospective cohort study
with data from 51 patients suffering from acute SCI. Our
findings led to the conclusion that decompression of SCIs
should be performed soon, but not necessarily within the first
4 hours after trauma.

Considering the two groups as a collective, we observed
no significant difference in neurological improvement. There
was also no significant difference between sex or age and AIS
improvement. Still it should be noted that we were limited by
the nature of trauma surgery, which did not allow us to divide
patients into two equal groups with similar demographics.
Patients were operated on as soon as possible and then later
grouped during data analysis according to the timing of
surgery. In order to provide the proper context in which our
results should be interpreted, we listed the demographics
according to the two different groups (Table 2). Analysis of
preclinical studies supports early decompression after SCI.!!
Twenty-two publications based on human data have been
published between 1991 and 2009 with varying results and
levels of evidence. Levi et al showed in a study from 1991
with 103 patients suffering cervical spine trauma that there
were no differences in neurological outcome between early
operated patients (<24 hours) and those who received later
treatment (>24 hours).'* Mirza et al reported in a study with
only 30 patients that those who received early operative treat-
ment (within 3 days) had better motor function, but there was
no improvement according to the Frankel grade.> Duh et al
reported in a study using data from the second National Acute
Spinal Cord Injury Study that no correlation could be found

pression. Cengiz et al, for example, showed in a study with
27 patients an improvement in AIS grades in an early group
(within 8 hours) and a late group (3—15 days).?> Another recent
study with a total number of 69 patients evaluated subaxial
cervical spine injuries and concluded that early surgery (within
48 hours) should be considered strongly in view of the lesser
complications, early discharge, and reduced mortality.?

The striking differences in the definition of early and late
surgery, varying between hours and days, led to problems of
comparison between different studies. Early operative care
in human studies varied between 8 hours and 4 days after
the injury." The late care varied between 8 hours and later
than 5 days after the injury."!

Due to the possibility of a prompt patient rescue and
operative treatment after trauma in many patients, we chose
the earliest possible time point to answer the question whether
it is necessary to treat the patients surgically at the earliest
possible date or it is sufficient to operate within the first
24 hours after trauma.

LaRosa et al showed in a meta-analysis that early surgery
within the first 24 hours had a better neurological outcome
than after 24 hours or conservative treatment.'?> Furthermore,
Fehling et al reported in 2012 that surgical stabilization and
decompression of the spinal cord are easier within the first
24 hours and can lead to an improvement in neurological
outcome.!®

Assuming that surgery after 24 hours results in poorer
outcome, late decompression was defined as between 4 and
24 hours.

Because adequate surgical care includes both stabiliza-
tion and decompression, it is difficult to determine whether
early stabilization or decompression is mainly responsible
for neurological improvements. Therefore, both stabilization
and decompression must be taken together and are summa-
rized under the term “early spinal cord surgical treatment”
in this study.

The results of our work showed no relevant differences
between neurological improvement and early or late surgery.
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Both groups showed a slight improvement in AIS grades but no
significant differences between groups could be detected.

Patients who were admitted with an AIS-D injury are
unlikely to regain 100% neurological function due to slight
neurological impairment from which most of them will
always suffer. AIS-A patients also rarely showed neuro-
logical improvement as a consequence of the severity of the
injury. In our patient pool, only 16.7% of AIS-A and none
of AIS-D showed neurological improvement.

The main strengths of this study were the patient het-
erogeneity and an almost exact determination of the date
of accident and surgery. Furthermore, a follow-up after
6 months was consistently carried out.

In order to compare our study with other literature, we
have chosen two different points of time of surgery in our
prospective study, one within the first 4 hours and the other
between 4 and 24 hours after the accident. All patients were
treated only in our clinic during the course of the study. Neu-
rological monitoring and control were carried out through
use of the AIS classification.

In comparing the rate of improvement of the AIS grade
in our study with other studies, we could show that our
results clearly have a better outcome measured in terms
of AIS (44.8% in G1 and 36.4% in G2). Fawcett et al, for
example, observed a neurological improvement of 15%-25%
in patients.**

Our observations did not reveal a significant difference
in neurological outcome between the two groups despite the
fastest possible surgical decompression and stabilization of
the fractured spine segments. According to our findings, we
conclude that early operative care within the first 4 hours
after trauma does not lead to a significant neurological
benefit compared to intervention between 4 and 24 hours
after trauma.

Limitations

One limitation of our study is its small sample size. Results
could be biased because characteristics of SCI are different
among the levels and the levels of injury have not been strati-
fied yet. Furthermore, slight changes in neurological recovery
may not be revealed by the AIS grade alone. In future studies,
the ASTA motor and sensory scoring system, for example,
can be used to detect possible slight differences.

Conclusion

In recent years, quick surgical decompression of the
spinal canal and associated neurological remission have
been discussed and reported repeatedly. Unfortunately,

results and opinions differ too widely to give appropriate
recommendations. In our patient pool, we were able to
show some evidence that surgery within the first 4 hours
after trauma does not lead to better neurological outcome
compared to surgery between 4 and 24 hours after trauma.
This leads to the conclusion that decompression should be
performed soon, but not necessarily within the first few
hours after injury.
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