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Neurological recovery after early versus
delayed surgical decompression for acute
traumatic spinal cord injury

A PROSPECTIVE, OBSERVATIONAL, EUROPEAN MULTICENTRE
(SCI-POEM) COHORT STUDY

Aims

The aim of this study was to determine whether early surgical treatment results in better
neurological recovery 12 months after injury than late surgical treatment in patients with
acute traumatic spinal cord injury (tSCI).

Methods

Patients with tSCI requiring surgical spinal decompression presenting to 17 centres in
Europe were recruited. Depending on the timing of decompression, patients were divided
into early (< 12 hours after injury) and late (> 12 hours and < 14 days after injury) groups.
The American Spinal Injury Association neurological (ASIA) examination was performed at
baseline (after injury but before decompression) and at 12 months. The primary endpoint
was the change in Lower Extremity Motor Score (LEMS) from baseline to 12 months.

Results

The final analyses comprised 159 patients in the early and 135 in the late group. Patients
in the early group had significantly more severe neurological impairment before surgical
treatment. For unadjusted complete-case analysis, mean change in LEMS was 15.6 (95%
confidence interval (Cl) 12.1 to 19.0) in the early and 11.3 (95% CI 8.3 to 14.3) in the late
group, with a mean between-group difference of 4.3 (95% CI -0.3 to 8.8). Using multiply
imputed data adjusting for baseline LEMS, baseline ASIA Impairment Scale (AlS), and pro-
pensity score, the mean between-group difference in the change in LEMS decreased to 2.2
(95% CI -1.5 to 5.9).

Conclusion

Compared to late surgical decompression, early surgical decompression following acute
tSCI did not result in statistically significant or clinically meaningful neurological improve-
ments 12 months after injury. These results, however, do not impact the well-established
need for acute, non-surgical tSCl management. This is the first study to highlight that a
combination of baseline imbalances, ceiling effects, and loss to follow-up rates may yield
an overestimate of the effect of early surgical decompression in unadjusted analyses,
which underpins the importance of adjusted statistical analyses in acute tSCI research.

Cite this article: Bone Joint J 2023;105-B(4):400-411.

Introduction shown in high-quality studies to convincingly

Traumatic spinal cord injury (tSCI) has a profound
impact on patients’ physical and psychosocial
wellbeing. Despite the low frequency, at 15 to
39 per million population worldwide, this devas-
tating injury imposes a substantial burden on
healthcare systems.! While many different treat-
ments have been investigated, none have been

improve neurological or functional recovery.?
Over a century ago the American surgeon, Dr
Herbert Leslie Burrell (1856 to 1910) postulated
that the therapeutic role of acute surgical decom-
pression, based on the assumption “that if pressure
on the cord is allowed to remain for many hours,
irreparable damage to the cord may take place.”
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321 entered in the study database

Excluded:

- Data not monitored due to site non-
compliance or misconduct (n = 15)*

- No written informed consent (n = 2)

y

- Ineligible (n = 5)
- Patients were not operated (n = 3)

- Unclear whether the decompression
occurred < 12 hours after injury (n = 2)

Included (n = 294)

Allocation

y

Early decompression (n = 159)
- Completed ASIA examination (n = 156)

A

Late decompression (n = 135)
- Completed ASIA examination (n = 131)

12-month follow-up

A 4

- Attended one-year visit (n = 119)

e Completed ASIA examination (n = 115)
- Dropout (n = 37)
- Death (n = 3)

N

- Attended one-year visit (n = 93)

e Completed ASIA examination (n = 92)
- Dropout (n = 39)
- Death (n = 3)

Analysis

v

- Complete-case analysis (n = 109)
- Multiply imputed data analysis (n = 159)

A

- Complete-case analysis (n = 86)
- Multiply imputed data analysis (n = 135)

Fig. 1

Study flowchart. *This included all 13 patients recruited from two study sites. As such, the final enrolled patients were recruited from 15 out of the

original 17 study centres. ASIA, American Spinal Injury Association.

However, despite the positive effects of acute spinal decom-
pressions reported in preclinical studies,* the strong biological
rationale for early intervention has not translated into neurolog-
ical benefits that could be consistently seen in any of the human
tSCI studies published so far.>

The challenge presented by the paucity of robust, high-
quality studies was reflected in the most recent international
clinical practice guidelines, which recommended that early
surgery be offered as a “treatment option” but acknowledged
that the recommendation was “weak” and the quality of
evidence was “low”.* No further well-powered, comparative
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studies have been produced since the publication of these guide-
lines. Nonetheless, the “time is spine” adage, which implies
that early surgical decompression of the spinal cord results in
improved outcomes following tSCI, has been widely adopted
among surgeons involved in acute tSCI management over the
last decade.®® From a public health policy-making perspective,
it is important to consider the various medicolegal and opera-
tional feasibility challenges associated with treating acute tSCI,
as well as the non-trivial infrastructural and systemic changes
required for implementing early surgical management prac-
tices.” These practical realities, and the fact that the guidelines
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Table I. Summary of patient characteristics at baseline by treatment group. Results are presented using patients with data available for individual
variables; no imputation was performed to impute missing data.

Characteristic Total Early decompression Late decompression p-value
Patients, n 294 159 135

Mean age, yrs (SD) 46.7 (17.9) 44.7 (17.1) 49.1 (18.6) 0.049*
Sex, n (%) 294 159 135 0.998t
Male 233 (79.3) 126 (79.2) 107 (79.3)

Female 61(20.7) 33(20.8) 28 (20.7)

Prior admission to another hospital after injury, n (%) 294 159 135 <0.0011
Yes 131 (44.6) 37 (23.3) 94 (69.6)

No 163 (55.4) 122 (76.7) 41 (30.4)

CCl, n (%) 292 159 133 0.005%
0 254 (87.0) 147 (92.5) 107 (80.5)

1 23(7.9) 6 (3.8) 17 (12.8)

2 12 (4.1) 5(3.1) 7 (5.3)

3 2(0.7) 0 2 (1.5)

6 1(0.3) 1(0.6) 0

Injury Severity Score, n 282 155 127 0.002*
Mean (SD) 17.6 (9.5) 19.1(9.9) 15.6 (8.7)

ASIA neurological examinations 284 153 131 < 0.001*
Mean time between injury and ASIA examination at baseline, hrs (SD) 11.5 (26.9) 3.2 (2.3) 21.3 (37.4)

AIS grade, n (%) 283 153 130 <0.0011
A 110 (38.9) 72 (47.1) 38(29.2)

B 48 (17.0) 35 (22.9) 13(10.0)

C 41 (14.5) 19 (12.4) 22 (16.9)

D 84 (29.7) 27 (17.6) 57 (43.8)

Total motor score, n 268 147 121 0.015*%
Mean (SD) 51.2(28.7) 47.3 (27.0) 55.9 (30.1)

LEMS, n 275 151 124 <0.001*
Mean (SD) 15.5 (19.5) 10.1 (16.6) 22.0(20.8)

Light touch score, n 275 151 124 <0.001*
Mean (SD) 74.3 (31.5) 69.1 (30.6) 80.6 (31.6)

Pin-prick score, n 272 149 123 <0.001*
Mean (SD) 73.6 (32.2) 68.5 (31.4) 79.9 (32.2)

Type of paralysis 270 147 123 0.032t
Tetraplegic, n (%) 141 (52.2) 68 (46.3) 73 (59.3)

Median UEMS in tetraplegic patients (IQR) 20.0 (10.0 to 36.0) 19.0 (8.0 to 36.0) 21.5(10.0 to 38.5)

Paraplegic, n (%) 129 (47.8) 79 (53.7) 50 (40.7)

Traumatic lesion in spine, n (%)§ 294 159 135

Cervical spine 150 (51.0) 69 (43.4) 81 (60.0) 0.005t
Thoracic spine 109 (37.1) 73 (45.9) 36 (26.7) 0.001t
Lumbar spine 71 (24.1) 40 (25.2) 31(23.0) 0.6611
Sacral spine 3(1.0) 1(0.6) 2(1.5) 0.596%
Time between injury and the first decompression, hrs, nf 293 159 134 N/A
Mean (SD) 23.3(36.3) 7.0 (2.6) 42.5 (46.9)

Approach used for decompression, n (%) 282 151 131 0.139t
Anterior only 76 (27.0) 34 (22.5) 42 (32.1)

Posterior only 190 (67.4) 110 (72.8) 80 (61.1)

Circumferential only 9(3.2) 3(2.0) 6 (4.6)

Combination of the above approaches 7 (2.5) 4(2.6) 3(2.3)

Laminectomy, n (%) 282 151 131 0.039t
No 111 (39.4) 51 (33.8) 60 (45.8)

Yes 171 (60.6) 100 (66.2) 71 (54.2)

*Mann-Whitney U test.

tChi-squared test.

tFisher’s exact test.

§Patients could have traumatic lesions in multiple spine regions. Percentages do not add up to 100%.

qIf exact time of the first decompression was not reported but the quarter during surgery when decompression happened was available, the
midpoint of the respective time interval was imputed. This variable is missing in one patient in whom the time of depression was unknown, and
the patient was assigned to the late group based on the date of the decompression.

AIS, American Spinal Injury Association Impairment Scale; ASIA, American Spinal Injury Association; CCl, Charlson Comorbidity Index; IQR,
interquartile range; LEMS, Lower Extremity Motor Score; N/A, not applicable; SD, standard deviation; UEMS, Upper Extremity Motor Score.
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themselves highlight the low quality of available evidence,
underpin the need for further research in this field.

To this end, the Prospective, Observational European Multi-
centre study on the efficacy of acute surgical decompres-
sion after traumatic Spinal Cord Injury (SCI-POEM) study
was undertaken. The aim was to determine whether early (<
12 hours) surgical spinal decompression resulted in better
neurological recovery 12 months after injury compared with
late (> 12 hours and < 14 days) surgical spinal decompression
in patients with acute tSCI.

Methods

Study design and patients. This multicentre prospective co-
hort study recruited patients from 17 centres in Europe. Patients
were followed up for 12 months. The study was conducted be-
tween March 2013 and July 2019 (ClinicalTrials.gov identifier:
NCT01674764).

Patients with tSCI presenting to the centres were assessed
for eligibility against a predefined set of criteria. For inclusion
to the study, patients had to fulfil all inclusion criteria and none
of the exclusion criteria. Full inclusion and exclusion criteria
are provided in Supplementary Table i. Major inclusion criteria
were: age > 18 years; diagnosis of blunt spinal column injury
and SCI, including conus medullaris and/or cauda equina inju-
ries; pre-surgery American Spinal Injury Association (ASIA)
Impairment Scale (AIS) grade A, B, C, or D;'° and < 14 days
between injury and surgical spinal decompression. Major exclu-
sion criteria included: traumatic brain injury with Glasgow
Coma Scale < 13; diagnosis of subclinical or clinical polyneu-
ropathy; SCI caused by penetrating injury; non-traumatic or
pathological fractures or cord compression; inability to coop-
erate with preoperative physical examination because of cogni-
tive impairment; and previous spinal column or SCI.

The study was conducted in accordance with the Declara-
tion of Helsinki and Good Clinical Practice guidelines.'!?
Ethics approval was obtained from each study centre before the
beginning of patient enrolment. All patients provided written
informed consent.

Study treatment groups. Depending on the timing of surgi-
cal spinal decompression, patients were divided into early (<
12 hours after injury) and late (> 12 hours and < 14 days after
injury) decompression groups (early vs late group). The timing
of surgical spinal decompression depended on the time elapsed
between the injury and the patient’s arrival at the study centre,
the time for diagnostic investigations, and the judgment of the
treating spinal surgeon. The specifics of the decompression sur-
gery and stabilization (e.g. approach and the number of levels
decompressed) as well as postoperative care were at the discre-
tion of the treating spinal surgeon as per the standard of care of
the study centre.

Neurological outcomes. Neurological examination was per-
formed at baseline (after injury but before the decompres-
sion) according to the standards established by the ASIA or
International Standards for Neurological Classification of
Spinal Cord Injury (ISNCSCI) examination (version 1.1)."
Neurological deficits were assessed by the AIS grade, total mo-
tor score (MS), Upper Extremity Motor Score (UEMS), Lower
Extremity Motor Score (LEMS), light touch score, and pin-prick
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score.'® Scores were calculated using the ISNCSCI calculator to
minimize rater bias.!* Tetraplegic patients were those with the
neurological level of injury at T1 or above, and paraplegic pa-
tients were those with the neurological level of injury at T2 or
below. To assess the neurological recovery, ASIA examination
was repeated at three-, six-, and 12-month follow-up.

Other study variables and safety outcomes. At baseline, pa-
tients” age, sex, Charlson Comorbidity Index (CCI)," Injury
Severity Score (ISS),"” and prior admission to another hospi-
tal after injury were collected. Patients completed the Spinal
Cord Independency Measure (SCIM)!® and World Health
Organization Quality of Life (WHOQOL)-BREF at six and
12 months.!” Scores of SCIM and WHOQOL-BREF were not
the study outcomes of interest of this paper but were used for
multiple imputation of missing data.

All adverse events (AEs) and serious AEs (SAEs) occurring
during the 12-month follow-up were recorded and categorized
into local (S)AEs (i.e. (S)AEs affecting the spine region), and
general (S)AEs (i.e. (S)AEs affecting the rest of the body).
Study endpoints. The primary endpoint was the change in
LEMS from baseline to 12 months. The secondary endpoints
were the change in AIS grade from baseline to 12 months and
the risks of developing at least one (S)AE/local (S)AE/general
(S)AE during the follow-up.

Sample size estimation. Sample size estimation was based
on the primary endpoint. We assumed a six-point difference
in the change in LEMS between the two groups, which was
considered the smallest clinically important difference. Based
on available data from literature, an initial sample size calcu-
lation yielded a recruitment target of 300 patients. An internal
pilot study comprising the first 100 patients who completed
the 12-month follow-up, was used to update the estimates for
the standard deviation (SD) of the change in LEMS, the allo-
cation ratio, and the dropout rate, while the assumption of a
six-point difference remained unchanged. Using a SD of 15.5,
a 1:1 allocation ratio, an a level of 0.05, and a power of 0.8
for a two-sided independent-samples #-test, the updated sample
size estimate was 212 patients. Assuming a rate of dropout or
incomplete data of 30%, 303 patients were needed.

Statistical analysis. Statistical analyses were performed in all
enrolled patients who received surgical spinal decompression
with or without stabilization surgery. Baseline variables were
compared between the two groups using independent-samples
t-test, Mann-Whitney U test, chi-squared test, and Fisher’s exact
test, as appropriate. The between-group difference in the change
in LEMS was calculated as the early group minus the late group.
The change in LEMS from baseline to 12 months was compared
between the two groups using both independent-samples z-test
in a complete-case analysis (i.e. comprising patients with the
outcome available at both baseline and 12 months) and analy-
sis of covariance (ANCOVA) using multiply imputed data. The
ANCOVA using multiply imputed data was the primary anal-
ysis of the study (confirmatory). Covariates in the ANCOVA
comprised baseline LEMS, baseline AIS grade, and propensity
score. The propensity score is the conditional probability of re-
ceiving a treatment of interest given a set of observed variables
and has been used in non-randomized observational studies to
address bias and confounding caused by imbalance in baseline
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Table Il. Baseline Lower Extremity Motor Score by baseline American Spinal Injury Association Impairment Scale grades and types of paralysis.
Results are presented using patients with data available for individual variables; no imputation was performed to impute missing data.

Score Early decompression (n = 159) Late decompression (n = 135) p-value*
LEMS by baseline AIS grades, n 149 124

A, n (%) 72 (48.3) 38 (30.6) 0.850
Mean (SD) 1.9 (6.5) 3.1(9.8)

B, n (%) 34 (22.8) 12 (9.7) 0.904
Mean (SD) 6.2 (12.8) 7.5 (15.4)

C, n (%) 19 (12.8) 22 (17.7) 0.338
Mean (SD) 10.4 (10.8) 12.6 (9.2)

D, n (%) 24 (16.1) 52 (41.9) 0.291
Mean (SD) 40.5(11.3) 43.3 (8.4)

LEMS by types of paralysist 147 123 <0.001
Tetraplegic, n (%)* 68 (46.3) 73 (59.3)1

Mean (SD) 10.5 (17.5)% 25.3 (21.7)

Paraplegic, n (%)8 79 (53.7) 50 (40.7) 0.121
Mean (SD) 10.4 (16.2) 16.7 (18.7)8

*Mann-Whitney U test.

tNumbers (%) of patients correspond to those presented in Table |. However, calculating mean (SD) LEMS for each subgroup does not comprise
tetraplegic or paraplegic patients with missing data on baseline LEMS. Numbers of patients with missing data on baseline LEMS are indicated in

the footnotes.

fBased on 67 tetraplegic patients in the early group; one tetraplegic patient in the early group had missing baseline LEMS.
8Based on 47 paraplegic patients in the late group; three paraplegic patients in the late group had missing baseline LEMS.
AIS, ASIA Impairment Scale; ASIA, American Spinal Injury Association; LEMS, Lower Extremity Motor Score; SD, standard deviation; UEMS, Upper

Extremity Motor Score.

variables between treatment groups.'® Variables for generating
the propensity score were age, sex, baseline AIS grade, base-
line LEMS, baseline UEMS, CCI, ISS, type of injury (high- vs
low-energy), location of the injury, and the number of levels
affected. The balance diagnostics revealed a considerable re-
sidual imbalance in baseline AIS grade, i.e. the confounding
effect of baseline AIS grade persisted after propensity-score
adjustment, and could not be improved by any modification
of the propensity score model. Therefore, we included base-
line AIS grade as an additional covariate in all propensity
score-adjusted analyses.

Missing data were expected and anticipated to be not
completely at random; therefore, the unadjusted complete-case
analysis, which only comprised patients with the outcome avail-
able at baseline and 12-month follow-up, would likely have
led to biased conclusions. To accommodate for the systematic
differences between observed and missing data, we used a fully
conditional specification predictive mean matching method,
which comprised a range of baseline and follow-up vari-
ables potentially predictive of the outcome, to impute missing
LEMS." The final imputation model comprised the following
variables: all variables in the propensity score model, LEMS
and UEMS at all follow-up visits, SCIM mobility subscale,
and all WHOQOL-BREF domain scores at six months and
12 months, and occurrence of any SAEs or non-SAEs during the
12-month follow-up. When combining multiple imputation and
propensity score analysis, the ‘within approach’ was applied,?
in which (after imputing missing values multiple times and
deriving the corresponding propensity score in each resulting
dataset) the effect of the treatment group was estimated for each
imputation and, finally, estimates were combined to produce an
overall estimate.

Ancillary analyses of subgroup effect (interaction) were
performed to investigate if the difference in the change in LEMS

Follow us @BoneJoint]

between the early and late group was dependent on the base-
line AIS grade, the type of paralysis using a two-way analysis
of variance without adjustment for covariates, and a two-way
ANCOVA with adjustment for the covariates, i.e. 1) propen-
sity score and baseline LEMS when analysing the subgroup
effect of baseline AIS grade, and 2) propensity score, baseline
LEMS, and baseline AIS grade when analyzing the subgroup
effect of type of paralysis. The crude risk of developing at least
one (S)AE during the 12 months was compared between the
two groups using Fisher’s exact test. The odds of experiencing
at least one AE were compared between the treatment groups
using a logistic regression model adjusting for propensity score
and baseline AIS grade and the p-value was derived from the
Wald test.

All statistical analyses were performed using SAS (version

9.4, SAS Institute, USA). All statistical tests were two-tailed.
A p-value < 0.05 was deemed statistically significant. The final
study protocol and the statistical analysis plan were signed on
19 October 2012, and 17 June 2020, respectively, rendering a
previously published ‘protocol’ publication obsolete.?!
Role of the funding source. AO Spine Europe and Southern
Africa was the financial sponsor, supported the study design,
and had the overall oversight of the study as per Good Clinical
Practices. Study planning and execution, including data collec-
tion, study management, etc. were conducted by AO Innovation
Translation Centre. The corresponding author (AJFH) had final
responsibility for the decision to submit for publication.

Results

Disposition of patients. Of the 321 patients whose data were
entered into the study database, 25 patients were excluded due
to ineligibility, no written informed consent, no surgery done,
or study site misconduct/non-compliance with data moni-
toring (Figure 1). Two patients were excluded as it could not
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Table Ill. Descriptive change of American Spinal Injury Association Lower Extremity Motor Score (LEMS) between baseline and 12 months.
Complete-case analysis comprised patients with both preoperative and 12-month follow-up LEMS assessed.

LEMS Early decompression (n = 159) Late decompression (n = 135) Mean between- p-value
n Mean (95% Cl) Mean change n Mean (95% Cl) Mean change from (g;;;,pc?;ﬁerence
from baseline baseline (95% Cl)
(95% Cl)
Unadjusted
complete-case
analysis
Preoperative 109 11.2 (7.9 to 14.5) N/A 86 24.1(19.7t0 28.5) N/A N/A N/A
12-mth follow-up 109 26.8 (22.6 to 31.0) 15.6 (12.1t0 19.0) 86 35.4(31.3t039.6) 11.3(8.3t0 14.3) 4.3(-0.3t0 8.8) 0.065*
Adjusted analysis
using multiple
imputation
12-mth follow-up 159 N/A 13.9(11.3 to 16.4) 135 N/A 11.6 (9.1 to 14.2) 2.2 (-1.5t0 5.9) 0.245t

*Independent-samples t-test.

TAnalysis of covariance using multiply imputed data comparing the change in LEMS between the two groups adjusting for baseline LEMS, baseline
ASIA Impairment Scale grade, and propensity score. Presented values are least squares (LS) means and difference of the LS means using observed

margins.

ASIA, American Spinal Injury Association; Cl, confidence interval; LEMS, Lower Extremity Motor Score; N/A, not applicable.

be determined whether the surgical spinal decompression oc-
curred < 12 hours or > 12 hours after injury. The final analyses
comprised 159 patients in the early group and 135 in the late
group, who were recruited from 15 out of the 17 participating
centres. The complete-case analysis of the change in LEMS, i.e.
comprising patients with the outcome available at both baseline
and 12 months, consisted of 109 patients in the early and 86 in
the late group.

Baseline characteristics. Compared with those in the early
group, patients in the late group were significantly older (p =
0.049, Mann-Whitney U test), and had lower mean ISS and a
higher proportion of prior admission to another hospital after
injury (Table I). Distributions of sex and CCI scores were simi-
lar. The distribution of baseline AIS grades differed significant-
ly between the two groups, with a higher proportion of grade
A in the early group (47.1% (n = 72) vs 29.2% (n = 38)) and a
higher proportion of grade D in the late group (43.8% (n = 57)
vs 17.6% (n=27), Table I). The two groups differed significant-
ly in baseline total MS, LEMS, light touch score, and pin-prick
score, with greater scores in the late group. The distribution of
the type of paralysis was also significantly different between the
two groups. Baseline LEMS by AIS grade and type of paralysis
are presented in Table II.

Within the early group, there were no significant differences
in baseline characteristics between patients who completed
(n=119) and those who did not complete (n =40) the follow-up
(Supplementary Table ii). Within the late group, patients
who completed (n = 93) and those who did not complete (n
= 42) the follow-up differed significantly in baseline AIS
grades, total MS, light touch score, and pin-prick score
(Supplementary Table ii).

Changes in LEMS and analyses of subgroup effects. The
mean change in LEMS from baseline to 12 months in the un-
adjusted complete-case analysis (i.e. comprising patients with
the outcome available at both timepoints) was 15.6 (95% con-
fidence interval (CI) 12.1 to 19.0) in the early group and 11.3
(95% CI 8.3 to 14.3) in the late group (Table III). The mean
between-group difference in the change in LEMS was 4.3 (95%
CI-0.3 to 8.8). Using the multiply imputed data, after adjusting
for baseline LEMS, baseline AIS grade, and propensity score,
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the mean difference in the change in LEMS decreased to 2.2
(95% CI-1.51t05.9).

Both using a complete-case approach (i.e. comprising patients
with all relevant variables available), results from the ancillary,
covariate-adjusted analyses of subgroup effect (interaction) of
the baseline AIS grade and type of paralysis (Table IV) were
consistent with those without covariate adjustment (Supple-
mentary Table iii). The propensity score and baseline LEMS-
adjusted mean difference in the change in LEMS between the
early and late group ranged from -1.3 (95% CI -12.1 to 9.5) for
patients of baseline grade C to 4.6 (95% CI -3.1 to 12.3) for
patients of baseline grade A (Table IV). The effect of treatment
group was also greater in tetraplegic patients than in paraplegic
patients (Table IV). However, there were no significant inter-
actions between baseline AIS grade and treatment group and
between baseline type of paralysis and treatment group, indi-
cating that differences in the change in LEMS between the early
and late group did not differ significantly between baseline AIS
grades or between types of paralysis.

Change in AIS grade. Supplementary Table iv shows the
change in AIS grade from baseline to 12 months with six-
month observations carried forward. In this ancillary analysis,
proportions of patients having improved (at least one grade),
stabilized, and worsened (at least one grade) AIS grade were
53.7% (66/123), 39.8% (49/123), and 6.5% (8/123), respec-
tively, in the early group and 50.5% (51/101), 46.5% (47/101),
and 3.0% (3/101), respectively, in the late group. In patients of
baseline AIS grades A to C, 39.2% (40/102) in the early group
and 29.6% (16/54) in the late group had an improvement of > 2
grades at 12 months.

Adverse events. A total of 221 AEs were recorded in 109/294
(37.1%) patients during the 12-month follow-up (Table V). The
three most common AEs were urinary tract infection (61), res-
piratory AEs (34 ), and pressure ulcer (14). Six patients, three in
each group, died due to a SAE (including one each due to renal
failure, sepsis, cardiac event, and respiratory tract infection, and
two due to other general SAE).

The crude risk of having at least one AE was significantly
higher in the early than in the late group (43.4% (n = 69) vs
29.6% (n=40) (Table V) unadjusted odds ratio (OR) comparing



406 A. J. E HOSMAN, G. BARBAGALLO, THE SCI-POEM STUDY GROUP, J. J. VAN MIDDENDORP

Table IV. Analyses of subgroup effect (interaction) of baseline American Spinal Injury Association grade and type of paralysis on the difference in
change in Lower Extremity Motor Score (between baseline and 12 months) between the early and late group (complete-case analyses, two-way
analysis of covariance with adjustment of covariates). Complete-case analysis comprised patients with all relevant variables available.

Subgroup Early decompression Late decompression Mean between-group p-value
n Mean change from n Mean change from difference (95% CI)
baseline (95% ClI) baseline (95% Cl)
Baseline AIS grade* 0.788t
A 45 0.7 (-4.3 t0 5.6) 16 -3.9(-11.0 to 3.1) 4.6 (-3.110 12.3)
B 28 21.6 (15.8 to 27.4) 9 17.4 (8.8 to 26.1) 4.2 (-6.0 to 14.3)
C 10 23.8 (15.7 to 32.0) 13 25.1(17.7 to 32.5) -1.3(-12.1 t0 9.5)
D 19 19.1 (11.7 to 26.5) 38 18.1 (11.7 to 24.6) 1.0 (-6.2 to 8.1)
Type of paralysis$ 0.6518
Tetraplegic 45 16.7 (12.9 to 20.5) 45 14.0 (9.7 to 18.2) 2.7 (-2.9 to0 8.4)
Paraplegic 55 11.4 (7.5 to 15.3) 29 10.5 (5.7 to 15.2) 0.9 (-5.4t07.2)

*Results from a two-way analysis of covariance with 1) change in LEMS as the dependent variable, 2) treatment group and baseline AIS grade as
the two independent (categorical) variables), 3) an interaction term between baseline AlIS grade and treatment group, and 4) baseline LEMS and
propensity score as covariates. Presented values are least squares (LS) means and difference of LS means using observed margins.

tinteraction between treatment group and baseline AIS grade.

$Results from a two-way analysis of covariance with 1) change in LEMS as the dependent variable, 2) treatment group and type of paralysis as the
two independent (categorical) variables, 3) an interaction term between type of paralysis and treatment group, and 4) baseline LEMS, propensity
score, and baseline AIS grade as covariates. Presented values are LS means and difference of LS means using observed margins.

§Interaction between treatment group and type of paralysis at baseline.

AIS, American Spinal Injury Association Impairment Scale; Cl, confidence interval; LEMS, Lower Extremity Motor Score.

the early vs late group: 1.82 (95% CI 1.12 to 2.96)). After
adjusting for propensity score and AIS at baseline, the odds of
experiencing at least one AE did not differ significantly between
the two groups (adjusted OR 1.38 (95% CI 0.75 to 2.56);
p = 0.303, logistic regression model using Wald test). The crude
risk of having at least one general AE was significantly higher
in the early group (37.1% (n = 59) vs 25.2% (n = 34)), whereas
the crude risk of having at least one local AE affecting the spine
did not differ significantly between the two groups (14.5% (n
=23) vs 9.6% (n = 13)). The crude risks of having at least one
SAE, local SAE, or general SAE were not significantly different
between the two groups.

Discussion

The SCI-POEM study represents the largest prospective,
multicentre study comparing early (< 12 hours) versus late (>
12 hours) surgical decompression for acute tSCI. Results from
the unadjusted complete-case analysis (i.e. including patient
with the outcome available at both baseline and 12 months)
indicate a borderline significant difference, favouring the early
group, in the mean change in LEMS from baseline to 12 months.
However, after propensity score adjustment, early surgical
spinal decompression was not associated with a statistically
significant improvement at 12 months after injury. The higher
incident rate of AEs seen in the early group was not considered
to be associated with the timing of surgical intervention but
rather attributed to the more severe neurological impairments
seen in this group. This is supported by the results from our
adjusted analysis in which after controlling for propensity score
and baseline AIS grade, no significant differences between the
two groups were found.

Our findings seem to be in concordance with those from the
Surgical Trial in Acute Spinal Cord Injury Study (STASCIS).*
Although the STASCIS study originally reported a positive asso-
ciation between early (< 24 hours) surgical decompression and
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improved neurological outcomes in patients with acute cervical
tSCI, further dataset analyses showed different results.>** First,
a methodologically correct re-analysis of the ‘two-grade AIS
improvement’ dataset did not find a statistically significant
improvement at six months.> Second, by pooling the previously
unpublished regression analysis data from the STASCIS study,
a recent analysis showed statistically significant improvements
neither in the total motor score (mean difference: 2.6 (95%
CI -1.8 to 7.0); p = 0.24) nor in any other reported sensorim-
otor outcomes between early and late surgery group. While
differences between the STASCIS and SCI-POEM study exist,
neither succeeded in confirming the century-old hypothesis, i.e.
early surgical spinal decompression results in better neurolog-
ical recovery than late surgical decompression in patients with
acute tSCL.?

Due to the low incidence rate of tSCI, the logistical chal-
lenges faced by emergency medical services in the early hours
after tSCI, and the profound lack of equipoise, an adequately
powered, surgical randomized controlled trial is generally
considered not feasible."**? Our non-randomized study
showed that in contrast to the early group, the majority of the
late group were admitted to another hospital before admission
to the study centres. In addition, patients in the early group
had a higher rate of motor complete lesions (AIS grades A and
B), as opposed to those in the late group having a higher rate
of motor incomplete lesions (AIS grades C and D). Similar
imbalances have been observed in other studies and may well
be explained by the higher rate of indirect admissions to study
centres among patients with less severe injuries.?® This seems
to override spinal surgeons’ strong preference for providing
surgical decompression to patients with an incomplete tSCI
earlier than to those with a complete tSCIL.* These difficul-
ties, combined with the highly heterogenous presentation of
acute tSCI, due to the possible range of affected anatomical
and severity levels, pose various methodological challenges
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Table V. Summary of adverse events occurring during the 12-month follow-up.

Event Total (n = 294) Early decompression (n =159) Late decompression (n = 135) p-value®
n* Risk, % (95% CI)t n* Risk, % (95% CI)t n* Risk, % (95% CI)t
Any AE 109 37.1(31.5t0 42.9) 69 43.4 (35.6 to 51.5) 40 29.6 (22.1 to 38.1) 0.016
Any serious AE 61 20.7 (16.3 to 25.8) 37 23.3 (16.9 to 30.6) 24 17.8 (11.7 to 25.3) 0.312
Any local AE (affecting the part of 36 12.2 (8.7 to 16.5) 23 14.5 (9.4 to 20.9) 13 9.6 (5.2 to 15.9) 0.218
the body under investigation)
Any local serious AE 16 5.4 (3.1t08.7) 12 7.5 (4.0 to 12.8) 4 3.0 (0.8t07.4) 0.121
Postoperative bleeding 2 0.7 (0.1 to 2.4) 1 0.6 (0.0 to 3.5) 1 0.7 (0.0 to 4.1) 1.000
Dural tear 5 1.7 (0.6 to 3.9) 5 3.1(1.0t0 7.2) 0 0.0 (0.0 to 2.7) 0.065
Cerebrospinal fluid leakage 3 1.0 (0.2 to 3.0) 1 0.6 (0.0 to 3.5) 2 1.5(0.2t0 5.2) 0.596
Neurological deterioration 2 0.7 (0.1 to 2.4) 2 1.3 (0.2 to 4.5) 0 0.0 (0.0to 2.7) 0.502
Hardware-related AEs$ 6 2.0 (0.8 to 4.4) 3 1.9(0.4t0 5.4) 3 2.2 (0.5t0 6.4) 1.000
Infectionsq 3 1.0 (0.2 to 3.0) 2 1.3(0.2to 4.5) 1 0.7 (0.0 to 4.1) 1.000
Dysphagia 2 0.7 (0.1 to 2.4) 0 0.0 (0.0 to 2.3) 2 1.5(0.2t0 5.2) 0.210
Pressure ulcers 12 4.1(2.1t07.0) 5 3.1(1.0t0 7.2) 7 5.2 (2.1t0 10.4) 0.395
Other local AE (affecting the part of 8 2.7 (1.2t0 5.3) 6 3.8(1.4t0 8.0) 2 1.5(0.2t0 5.2) 0.296
the body under investigation)
Any general AE (affecting the rest 93 31.6 (26.4 to 37.3) 59 37.1(29.6 to 45.1) 34 25.2 (18.1 to 33.4) 0.033
of the body)
Any general serious AE 48 16.3(12.3to0 21.1) 28 17.6 (12.0 to 24.4) 20 14.8 (9.3 t0 21.9) 0.532
Cardiovascular AEs** 11 3.7(1.9to0 6.6) 7 4.4 (1.8t08.9) 4 3.0(0.8t0 7.4) 0.556
Respiratory AEstt 26 8.8(5.9t012.7) 17 10.7 (6.4 to 16.6) 9 6.7 (3.1t0 12.3) 0.303
Urinary tract infection a4 15.0 (11.1 to 19.6) 28 17.6 (12.0 to 24.4) 16 11.9 (6.9 to 18.5) 0.191
Dehydration 1 0.3(0.0to 1.9) 0 0.0 (0.0 to 2.3) 1 0.7 (0.0 to 4.1) 0.459
Renal failure 1 0.3(0.0to 1.9) 0 0.0 (0.0 to 2.3) 1 0.7 (0.0 to 4.1) 0.459
lleus 5 1.7 (0.6 to 3.9) 3 1.9 (0.4 to 5.4) 2 1.5(0.2t0 5.2) 1.000
Sepsis 4 1.4 (0.4 to 3.4) 3 1.9(0.4t0 5.4) 1 0.7 (0.0 to 4.1) 0.627
Other general AE (affecting the rest 38 12.9 (9.3t0 17.3) 19 11.9 (7.4 to 18.0) 19 14.1 (8.7 to 21.1) 0.605
of the body)

The following AEs did not occur in any patients: intraoperative vascular injury, halo pin penetration, and dysphonia.

*Number of patients with at least one AE. If a patient experienced multiple AEs under any AE types, the patient was only counted once.

TEstimated crude risk of developing at least one AE (calculated by dividing the number of patients experiencing at least one AE by the total number
of patients in the corresponding treatment group disregarding dropouts during the study). Confidence intervals calculated using the Clopper-

Pearson method.
FFisher’s exact test.

§Screw misplacement, loosening of instrumentation, and breakage of instrumentation (did not occur in any patient).

{[Surgical site infection and pin-track infection (did not occur in any patient).

**Cardiac events, pulmonary embolism, and deep vein thrombosis.

TtRespiratory tract infection, acute respiratory distress syndrome, and atelectasis.

AE, adverse event; Cl, confidence interval.

for the conduct and analysis of prospective, acute-stage
surgical studies.”’

We applied propensity score analysis, a well-validated statis-
tical technique that allows for accurate assessment of treatment
effects. Propensity score was used to adjust for patients’ condi-
tional probability of undergoing early or late surgical decom-
pression according to a set of observed covariates. A recent
study could not replicate the positive yet controversial findings
on the effectiveness of methylprednisolone for the treatment of
patients with tSCI from the Second National Spinal Cord Injury
Study (NASCIS-II) study.”®* Instead, by applying propen-
sity score-based adjustment, they found a significantly higher
rate of total complications in the NASCIS-II methylpredniso-
lone group, which led the authors not to recommend routine
administration of methylprednisolone in acute tSCI.* Thus, in
order to accurately estimate treatment effects in an adequately
powered, yet inherently heterogeneous, cohort study of acute
tSCI patients, sophisticated analytical techniques are warranted.
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Nonetheless, residual confounding, especially due to unob-
served factors that could not be accounted for, still requires
careful consideration.

The ISNCSCI AIS grade conversion rate is the most
frequently reported neurological outcome measure used when
investigating the timing of surgical decompression after acute
tSCI.** However, the SCI-POEM study used LEMS improve-
ment rather than AIS grade conversion as the primary outcome
for the following reasons. First, AIS grade improvement does
not equal motor score improvement. To illustrate, an improve-
ment from AIS grade A to grade B does not require muscle
strength improvement.’! Second, AIS grade improvement
does not always lead to functional recovery, which is partic-
ularly true for more severe injuries.’> Third, the misclassifi-
cation rates of AIS grades B and C are high, even for those
with experience."? Fourth, performing accurate sacral sparing
assessments can be challenging in the Emergency Room, which
adds further to possible misclassification bias. Fifth, the AIS
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grading system exhibits flooring and ceiling effects, particularly
for two-grade improvements.?* 23 However, in view of the
six-point LEMS difference assumed for our sample size esti-
mation, the late group exhibited a considerable LEMS ceiling
effect due to the higher proportion of mildly injured patients
seen in this group. To illustrate the potential impact of this
hypothesized ceiling effect, we conducted a post-hoc sensi-
tivity analysis on the primary endpoint including only patients
with baseline LEMS < 45 points. In the unadjusted, complete-
case analyses (i.e. the unadjusted analysis for patients with the
outcome available at baseline and 12 months), the difference in
LEMS change between patients undergoing early versus late
surgical decompression dropped from 4.3 ((95% CI-0.3 to 8.8);
p =0.065, independent-samples #-test; Table I1I) to 1.6 (95% CI
-3.5 t0 6.7; p = 0.540, independent-samples -test; Supplemen-
tary Table v). This sensitivity analysis indicates that observed
ceiling effect partly contributed to an overestimate of the effect
of early surgical decompression in the unadjusted analysis. In
the adjusted analysis, we have attempted to limit the impact
related to the described ceiling effect by including the baseline
score as a covariate. In spite of inevitable ceiling effects seen in
mildly injured tSCI subjects, the ISNCSCI UEMS and LEMS
offer a more granular assessment of neurological impairment,
have shown to be strongly correlated to functional outcomes,
and have been recommended for use in interventional studies.*
Furthermore, selecting LEMS improvement as a primary
outcome also allowed the recruitment of both patients with tetra-
plegia and those with paraplegia, and eliminated the inherent
variability of the UEMS seen in patients with tetraplegia.

While no consensus on threshold values pertaining to the
minimally clinically important difference for LEMS is avail-
able,® the minimal detectable difference has shown to be in the
range from one to seven motor score points, depending on the
severity of the injury.’® Thus, the adjusted mean difference of
2.2 LEMS points improvement favouring early surgical decom-
pression seen in this study might actually not be clinically
meaningful. Furthermore, variability in neurological examina-
tion timing within hours after acute tSCI may influence obser-
vations of long-term neurological recovery. Recent data from
the Rick Hansen Spinal Cord Injury Registry demonstrated that
patients of tSCI AIS grade A who were examined within eight
hours after injury show three to four points higher total motor
score improvement when compared to patients who underwent
examination between eight and 48 hours after injury.?” There-
fore, one cannot exclude the possibility of the numerically
higher motor score improvement seen in the early group being
attributed to the timing of the initial neurological assessment
rather than to the timing of the surgical spinal decompression.
This confounder is, unfortunately, an inherent limitation for
conducting a prospective observational interventional study
where the timings of admission and examination are difficult
to control.

Controversy remains about the role of early surgery in
patients with traumatic central cord syndrome (TCCS). We did
not include TCCS as a covariate in our analyses, since previous
studies have shown that ISNCSCI/ASIA motor scores have a
stronger predictive value than TCCS descriptors for neurolog-
ical and functional outcomes in tSCI subjects.*® Aarabi et al*
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confirmed that the extent of initial motor score deficit was a
key prognostic factor for neurological recovery after TCCS,
albeit in patients with evidence of pre-existing spinal stenosis.
Age, however, was included as a covariate as this was a well-
established, independent predictor of functional recovery
following tSCIL.* The presence of comorbidities may actually
play a critical role in determining the optimal timing of spinal
surgery and patient outcomes following TCCS.*' Further,
there is a common perception among surgeons that patients
with traumatic cauda equina or conus medullaris syndromes
exhibit a better recovery profile compared to patients with a
traumatic injury to the spinal cord. We decided, however, to
include all traumatic injuries to the spinal cord, conus medul-
laris, and cauda equina because there are no universally
accepted definitions delineating these three ‘regions’ and, to
the best of our knowledge, there is no unequivocal literature
confirming the prognostic value of these three ‘regions’ on
neurological recovery.

The strengths of the SCI-POEM study include the prospec-
tively collected data from a large pan-European tSCI population
with favourable follow-up rates, the availability of validated
and detailed information on patients’ pre-surgical neurological
impairments assessed by trained and certified clinicians, the use
of both a study protocol and a statistical analysis plan, the use of
a validated ISNCSCI calculator to avoid misclassification, and
the use of a propensity score adjustment.

Nonetheless, our study has several limitations. First, inherent
to referral patterns seen in this heterogeneous group of acute
tSCI patients, significant baseline differences were observed.
These Dbaseline imbalances in combination with earlier
mentioned ceiling effects seen in mild tSCI may have yielded
an overestimated borderline statistical significance favouring
early surgical spinal decompression in unadjusted, complete-
case analysis (i.e. the unadjusted analysis for patients with
the outcome available at baseline and 12 months). A better
understanding of any possible causal relationship between
the severity of the injury and direct, or indirect, referral to
a trauma centre is warranted. Second and unsurprisingly, a
higher loss to follow-up rate was seen in more severely injured
patients within the late group. This can be partly attributed to
the inherent challenges of following severely injured patients
who have been referred from, and reside in, rural communities.
Third, while LEMS recovery is an established parameter of
neurological recovery and strongly correlated to the ability to
walk, other outcomes such as neurological level(s) of recovery,
upper limb function as well as onset of recovery may also yield
important information on potential therapeutic benefits. We
collected data on these parameters as well as additional func-
tional and quality of life outcomes, and plan to publish these in
a second paper. Fourth, although our study had a single primary
outcome which had been prespecified in the study protocol, we
also conducted several sensitivity analyses, ancillary subgroup
analyses, and secondary outcome analyses, e.g. AIS grade and
AEs. Performing several tests on one dataset (multiple testing)
is known to increase the type I error, if the significance level is
not adjusted. Hence, results from our ancillary/subgroup anal-
yses and secondary outcome analyses have to be regarded as
exploratory in nature, and only the results from the propensity
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score-adjusted analysis of the primary outcome, which we
have used to draw our main conclusions, can be regarded as
confirmatory. Fifth, postoperative imaging was not mandated
for all patients to assess the extent of spinal cord decompres-
sion, which has been hypothesized to influence neurological
recovery.?® Sixth, there is no consensus on the threshold timing
defining early versus late surgical decompression exists. The
SCI-POEM study arbitrarily defined a threshold of 12 hours
after injury, mainly driven by feasibility considerations and the
pathophysiological rationale that mitigating secondary injury
would be enhanced by performing surgery within this threshold.
Hypothesis-generating analyses are planned in a second paper
to assess the impact of the timing of surgical decompression
using alternative thresholds (e.g. six or 24 hours after injury)
as well as testing the impact of time as a continuous variable.?
Finally, no standardized perioperative procedures or rehabili-
tation programmes were provided per the study protocol, these
were tailored to the individual patient’s needs and standard of
care of the different centres. Nonetheless, despite the unknown
extent of unobserved confounding, this multicentre observa-
tional study provided a unique framework to assess the poten-
tial benefit of acute treatment in the context of a contemporary,
setting across the European region.

In conclusion, the SCI-POEM study has shown that early
surgical decompression within 12 hours of injury did not result
in statistically significant neurological improvements 12 months
after injury. Studying interventions for acute tSCI is compli-
cated by the inherent heterogeneity of this patient population,
thus requiring sophisticated statistical techniques to reduce
the impact of confounding variables. The application of such
statistical analysis to control for this heterogeneity makes the
results of SCI-POEM uniquely robust in the current SCI liter-
ature. Nonetheless, residual confounding, especially by unob-
served factors that could not be accounted for, warrants careful
consideration when interpreting our results and when drawing
comparisons with data from other studies. These results do
not impact the well-established need for acute medical treat-
ment following tSCI, e.g. maintaining adequate spinal cord
perfusion pressure. However, considering the medicolegal and
operational challenges associated with implementing ‘early
surgical decompression’ in current national trauma systems, we
contend that these data warrant consideration when establishing
clinical practice guidelines on the timing of surgical treatment
for acute tSCIL.°

A Take home message
’) - Propensity score-adjusted analysis indicated that early (<
12 hours) surgical spinal decompression was not associated
with a statistically significant neurological improvement at 12
months after injury.
- A combination of baseline imbalances, ceiling effects in mild
traumatic spinal cord injury (tSCI), and a higher loss to follow-up rate
of severe tSCl patients in the late treatment group may have yielded
an overestimate of the effect of early surgical decompression in the
unadjusted analysis.
- The SCI-POEM study is the first large comparative study in this area
to account for heterogeneity in tSCI which results prompt critical
reconsideration of international clinical practice guidelines on the timing
of surgical treatment following tSCI.
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Supplementary material
Tables of the inclusion and exclusion criteria, patient

characteristics of study completers versus dropouts,

subgroup analyses, and change in American Spinal
Injury Association Impairment Scale grade between baseline
and one year.
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