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Background: Conflicting reports exist regarding mortality and morbidity of early surgical decompression
in the setting of acute central cord syndrome (ACS) in multisystem trauma despite evidence of improved
neurological outcomes. Consequently, optimal decompression timing in ACS in multisystem trauma
patients remains controversial. This study aims to determine the association between early surgery for acute
traumatic central cord and all-cause mortality among multisystem trauma patients in the National Trauma
Data Bank (NTDB) using propensity score matching.
Methods: We used the NTDB (years 2011–2014) to perform a retrospective cohort study, which included
patients >18 years, with ACS (identified using ICD-9 coding). Collected patient data included demographics,
surgery timing (≤24 hours, >24 hours), injury mechanism, Charlson comorbidity index (CCI), injury
severity score (ISS), serious adverse events (SAE). Logistic regression and propensity matching were used to
investigate the relationship between surgery timing and subsequent inpatient mortality.
Results: We identified 2,379 traumatic ACS patients. This group was 79.3% male with an average age of
56.3±15.2. They had an average ISS of 19.5±9.0 and mortality rate of 3.0% (n=72). A total of 731 (30.7%)
patients underwent surgery for ACS within 24 hours. Univariate analysis did not show a significantly higher
mortality rate in the early versus late surgery groups (3.8% vs. 2.7%, P=0.127). In unadjusted models, early
surgery was not predictive of death or SAE + death in full (P=0.129, P=0.140) or matched samples (P=0.137,
P=0.280). In models adjusted for age, ISS, and CCI, early surgery was predictive of death and SAE + death
using the full sample (P=0.013, P=0.027), but not when using the propensity matched sample (P=0.107,
P=0.255).
Conclusions: Early surgical intervention does not appear to be associated with increased mortality among
ACS patients unlike previously suggested. We theorize that survival noted within the NTDB is confounded
by factors including existing comorbidities and multisystem trauma, rather than surgical timing. Delaying
definitive surgical care may predispose patients to worsened greater neurological morbidity.
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Introduction
Acute central cord syndrome (ACS) constitutes nearly 44%
of all traumatic spinal cord injury (SCI), which makes it
the most common form of incomplete SCI (1,2). However,
the influence of surgical timing in ACS is controversial and
recent reports have shown conflicting results regarding
mortality in this patient population.
ACS typically occurs in older patients after a cervical
hyperextension injury—especially in the presence of preexisting stenosis of the spinal canal (2,3). The current
literature generally supports surgical decompression of
the spinal cord after SCI as a means of attenuating the
development of secondary injury processes and improving
neurological outcomes (3-7). Recent studies have
indicated the benefit of early decompression for improved
neurological outcomes (3,8). While the recommendations
for early intervention remain debated, some authors have
reported increased mortality in the early surgical cohort
(<24 hours) across 1,060 patients in a National Trauma Data
Bank (NTDB) (1). This data could potentially advocate for
delaying surgery in the acute setting for ACS to allow for
medical optimization and possible reduction in mortality.
However, ACS remains difficult to study and in many
cases is limited to observational or large-scale administrative
data bases. To date cohort studies investigating the impact
of surgical timing on neurological outcomes and survival in
patients with ACS have yielded variable results (1,2,9,10).
While randomized controlled trials (RCT) are considered
the clinical gold standard for evaluating treatment effect,
in many situations ethical and logistic constraints render
this study design impractical. Because of the limited sample
sizes of these cohort studies, it has been difficult to arrive at
definitive and reproducible conclusions (1,2,9,10). Similarly,
even with large administrative database studies, several
confounding variables often exist between the early and
late surgery groups such as injury severity, comorbidities,
and age. Propensity score matching (PSM) methods could
allow one to mimic some of the characteristics of RCT in
the setting of an observational cohort study by evaluating
the probability of treatment assignment (surgical timing)
conditional on observed baseline covariates [injury severity,
Charlson comorbidity index (CCI), age, et cetera] (11).
In this study we sought to determine if early surgical
intervention for acute traumatic central cord was associated
with increased all-cause mortality among patients with
multisystem trauma in the NTDB. Due to the fact that
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observational studies of choice of treatment and surgical
timing may have limited validity due to selection bias and
confounding factors, we performed a propensity analysis to
adjust for possible confounders that may have contributed
to previous findings of increased mortality in early surgical
intervention for ACS (1,11).
We hypothesized that following propensity matching,
early surgical decompression would not be associated with
greater mortality.
Methods
The NTDB is the largest prospective national trauma
database with more than 900 contributing trauma centers
and other hospitals nationwide. It is supported by the
American College of Surgeons and serves as data saturated
tool for healthcare providers and researchers.
Study population
Using the NTDB from years 2011 to 2014, all patients over
the age of 18 with acute traumatic central cord syndrome
(ATCCS), as identified using International Classification of
Diseases, Ninth Revision (ICD-9) codes for central spinal
cord injuries (Table S1), were included.
Clinical data
Data on baseline demographics (age, gender), trauma center
level (level 1 to 5), medical risk factors, injury severity,
surgical intervention, hospital course, and in-patient allcause mortality were collected from the NTDB.
Comorbidities included alcoholism, cancer, congestive
heart failure, coronary artery disease, dementia, diabetes
mellitus, functionally dependent status, hypertension, liver
disease, obesity, peripheral vascular disease, renal disease,
respiratory disease, and prior stroke with neurological
deficits. For a global description of comorbidities, the
modified CCI was utilized in statistical models (12).
Injury characteristics included head, thoracic, lumbar,
pelvic and extremity injuries (Table S1). The injury severity
score (ISS), was abstracted from the NTDB (7). The ISS
correlates with mortality, morbidity, and hospitalization time
after trauma; values of 15 or above indicate multisystem
trauma. Additional injury characteristics included Glasgow
Coma Scale (GCS) on arrival and the presence of alcohol
and drugs.
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Hospital course data including time to surgical
intervention, minor adverse events, significant adverse
events, and all-cause in-hospital mortality were abstracted
from the NTDB. The primary end point was all-cause
mortality. Surgical intervention was determined by ICD-9
procedure code (Table S1). Time to surgery was categorized
as early surgery if less than 24 hours and late surgery if
more than 24 hours. Serious adverse events (SAE) included
acute respiratory distress syndrome, cardiac arrest requiring
cardiopulmonary resuscitation, myocardial infarction, severe
sepsis, stroke, thromboembolic event, or an unplanned
return to the operating room (1).
Statistical analysis
Our cohort is described using means ± standard deviation
and counts (%) as appropriate. Differences between patients
who died were compared to those that survived, and those
who underwent early versus late surgery were compared
using chi-square statistics for categorical variables and
t-tests for continuous variables. Univariate regression
analyses including the sole predictor of early surgery and
multivariate regression analyses adjusted for covariates
were performed to determine predictors of mortality
and mortality + SAE. Because timing of surgery was not
assigned at random, a propensity score for early surgery
was developed to account for any potential selection and
confounding biases. The methods underlying PSM has
been previously described (11). Our propensity model
predicted the probability of early surgery from the
following covariates: patient age, gender, ISS, CCI, GCS
total score, alcohol and drugs present, head injury, and
hospital ACS level. The propensity score ranged from 0.13
to 0.59, representing the likelihood that a patient would
undergo early surgery. We then used propensity scores to
match each early surgery patient to control patients that
underwent late surgery using nearest neighbor matching.
Control cases were not constrained to be used once and
the matched analyses were weighted on control case use.
Regression models were then repeated using the matched
sample. Age, ISS, and CCI were used as covariates in
adjusted regression models to replicate previous research (1).
Statistical significance was set at a threshold of P<0.05. All
analyses with exception of matching were performed using
SPSS version 22 (SPSS, Inc, Chicago, IL, USA) Matching
was performed using STAT. A version 14.2 (StataCorp LP,
College Station, TX, USA).
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Results
Patient characteristics
The sample consisted of 2,379 patients, 731 (30.7%) of
whom underwent early surgery for ACS. The mean age
in the sample was 56.3±15.2 years and 1,886 (79.3%)
were male. Baseline demographic and clinical data
are summarized in Table 1. Patients undergoing early
surgery for ACS were more likely to be White (P=0.042),
younger (P<0.001), have a lower CCI (P<0.001), a higher
ISS (P=0.040), and require intensive care unit (ICU)
hospitalization (P<0.001). The prevalence of the following
comorbidities was significantly lower for the early surgery
group: hypertension (P=0.001), alcoholism (P=0.004),
diabetes (P=0.001), respiratory disease (P=0.022), and
cardiac disease (P=0.011).
Early surgery and mortality
During hospitalization for ACS following trauma, 72 (3.0%)
died. There was not a significant association between early
surgery and mortality (3.8% vs. 2.7%, P=0.127). Mortality
outcomes based on surgical timing are reported in Table 2.
Within both the early and late surgery groups, inpatient
mortality was associated with older mean age (P=0.001,
P<0.001, respectively), higher mean CCI (P=0.001,
P<0.001), and higher mean ISS (P=0.009, P=0.007). In the
early surgery cohort, inpatient mortality was associated
with a higher proportion of patients with an admission
GCS <15 (P=0.007). Within the late surgery cohort, a
higher proportion of the mortalities utilized the ICU in
comparison to non-mortalities (P<0.001).
Covariate analysis
Comparisons between the early and late surgery group for
predictors of the propensity model are shown in Table 3
using the full sample and the propensity-matched sample.
Age and CCI were highly significant in the full sample with
high P values of 0.907 and 0.895 in the matched sample
indicating the match was effective. The presence of alcohol
was the sole nonsignificant covariate in the full sample that
was significant in the matched sample, suggesting the match
was not effective. However, from a clinical standpoint, the
prevalence was within 5% for the early and late surgery
groups (28.0% vs. 23.3%) and considered unlikely to impact
results.
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Table 1 Comparison of early surgery group and late surgery group
Full sample (N=2,379)

Surgery later than 24 hours
(n=1,648)

Surgery within 24 hours
(n=731)

P value

72 (3.0)

44 (2.7)

28 (3.8)

0.127

56.3±15.2

57.7±14.2

53.1±16.8

<0.001

Gender, male, n (%)

1,886 (79.3)

1,301 (78.9)

585 (80.0)

0.548

Race, White vs. other, n (%)

1,610 (67.7)

1,092 (66.3)

518 (70.9)

0.042

Variables
Death, n (%)
Age (years) (means ± std)

CCI (mean ± std)

2.5±1.6

2.6±1.6

2.1±1.6

<0.001

LOS (days) (mean ± std)

13.6±12.5

14.3±12.5

12.1±12.5

<0.001

ISS (AIS ± std.)

19.5±9.0

19.2±8.8

20.1±9.2

0.040

1,810 (76.1)

1,183 (71.8)

627 (85.8)

<0.001

761 (32.0)

516 (31.3)

245 (33.5)

0.287

1,570 (66.0)

1,095 (66.4)

475 (65.0)

0.487

Hypertension

891 (37.5)

654 (39.7)

237 (32.4)

0.001

Alcoholism

373 (15.7)

282 (17.1)

91 (12.4)

0.004

Diabetes

395 (16.6)

302 (18.3)

93 (12.7)

0.001

Respiratory disease

148 (6.2)

115 (7.0)

33 (4.5)

0.022

Obesity

191 (8.0)

142 (8.6)

49 (6.7)

0.113

CHF

60 (2.5)

46 (2.8)

14 (1.9)

0.209

Cardiac disease

95 (4.0)

77 (4.7)

18 (2.5)

0.011

Cancer

17 (0.7)

14 (0.8)

3 (0.4)

0.241

Dementia

52 (2.2)

41 (2.5)

11 (1.5)

0.130

Renal disease

22 (0.9)

19 (1.2)

3 (0.4)

0.081

Liver disease

12 (0.5)

9 (0.5)

3 (0.4)

0.666

9 (0.4)

9 (0.5)

0

0.065

58 (2.4)

42 (2.5)

ICU admission, n (%)
GCS <15, n (%)
ACS level 1 center, n (%)
Comorbidities, n (%)

PVD
Stroke

16 (2.2)

0.600

CCI, Charlson comorbidity index; std, standard deviation; LOS, length of stay; ISS, injury severity score; AIS, abbreviated injury score;
ICU, intensive care unit; GCS, Glasgow Coma Scale; ACS, acute central cord syndrome; CHF, congestive heart failure; PVD, peripheral
vascular disease.

Regression analyses
In unadjusted models, regardless of sampling, early surgery
was not predictive of mortality or SAE + mortality (Table 4).
In models adjusted for age, ISS, and CCI, early surgery was
predictive of mortality and SAE + mortality using the full
sample only. Significance values for early surgery predicting
mortality increased from a significant 0.013 in the full
model to nonsignificant values of 0.107 in the matched
sample. Similarly, early surgery was predictive of SAE +
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mortality in the full model (P=0.027) but not in the matched
(P=0.255) model.
Discussion
Several previous studies have compared surgical versus
medical management for ACS and have produced a
consensus in support of surgical treatment in terms of
American Spinal Injury Association (ASIA) motor scores
at discharge and return of neurological function (8,13-15).
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Table 2 Differences in covariates between early and late surgery groups
Variables

Surgery within 24 hours (early surgery)

Surgery after 24 hours (late surgery)

Lived (n=703)

Died (n=28)

P value

Lived (n=1,604)

Died (n=44)

P value

Surgery day 1

–

–

–

–

–

–

Death

–

–

–

–

–

–

Age (years) (mean ± std)

52.7±16.5

63.2±19.8

0.001

57.4±14.2

70.2±10.2

<0.001

Gender, male, n (%)

565 (80.4)

20 (71.4)

0.246

1,267 (79.0)

34 (77.3)

0.783

Race, white vs. other, n (%)

495 (70.4)

23 (82.1)

0.305

1,058 (66.0)

34 (77.3)

0.060

2.1±1.6

3.4±2.0

0.001

2.6±1.6

4.2±1.3

<0.001

LOS (days) (mean ± std)

12.0±12.4

14.8±13.8

0.247

14.2±12.3

19.2±19.1

0.092

ISS (AIS ± std)

19.7±8.6

28.3±16.1

0.009

19.1±8.5

25.6±15.5

0.007

ICU (Y/N), n (%)

600 (85.3)

27 (96.4)

0.100

1,141 (71.1)

42 (95.5)

<0.001

GCS <15, n (%)

229 (32.6)

16 (57.1)

0.007

500 (31.2)

16 (36.4)

0.464

ACS level 1 center, n (%)

457 (65.0)

18 (64.3)

0.937

1,064 (66.3)

31 (70.5)

0.568

222 (31.6)

15 (53.6)

0.015

630 (39.3)

24 (54.5)

0.041

Alcoholism

89 (12.7)

2 (7.1)

0.386

279 (17.4)

3 (6.8)

0.066

Diabetes

85 (12.1)

8 (28.6)

0.010

287 (17.9)

15 (34.1)

0.006

Respiratory disease

29 (4.1)

4 (14.3)

0.011

106 (6.6)

9 (20.5)

<0.001

Obesity

45 (6.4)

4 (14.3)

0.102

136 (8.5)

6 (13.6)

0.229

CHF

10 (1.4)

4 (14.3)

<0.001

42 (2.6)

4 (9.1)

0.010

Cardiac disease

14 (2.0)

4 (14.3)

<0.001

72 (4.5)

5 (11.4)

0.033

CCI (mean ± std)

Comorbidities, n (%)
Hypertension

Cancer

3 (0.4)

0

1.000

13 (0.8)

1 (2.3)

0.297

11 (1.6)

0

0.505

40 (2.5)

1 (2.3)

0.926

Renal disease

3 (0.4)

0

1.000

16 (1.0)

3 (6.8)

<0.001

Liver disease

3 (0.4)

0

0.666

9 (0.6)

0

1.000

PVD

0

0

9 (0.6)

0

1.000

4 (9.1)

0.005

Dementia

Stroke

15 (2.1)

1 (3.6)

–
0.610

38 (2.4)

CCI, Charlson comorbidity index; std, standard deviation; LOS, length of stay; ISS, injury severity score; AIS, abbreviated injury score;
ICU, intensive care unit; GCS, Glasgow Coma Scale; ACS, acute central cord syndrome; CHF, congestive heart failure; PVD, peripheral
vascular disease.

However, the timing between injury and surgery remains
controversial and there is a paucity of strong statistical
analysis attempting to tackle this problem. While the risk
of early intervention is not well defined, some authors
have suggested a higher likelihood of death associated with
surgical intervention independent of injury severity (1).
The goal of the current study was to perform a more
sophisticated statistical analysis using propensity scores to
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better delineate the association of early surgical intervention
with mortality in patients suffering from ACS in a NTDB.
Using the NTDB, we identified a total of 2,379 patients
with ACS following trauma. Of these patients, a total of 731
(30.7%) underwent surgery for ACS within 24 hours. In
several previous publications, early surgery was consistently
associated with poor outcome using unadjusted (unmatched models). However, the association of early surgery
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Table 3 Comparison of entire sample and matched sample
Full sample
Variables

Age (years) (mean ± std)

Propensity matched sample

Surgery within
24 hours (n=731)

Surgery later than
24 hours (n=1,648)

P value

Surgery within
24 hours (n=731)

Surgery later than
24 hours (n=731)

P value

53.10±16.77

57.72±14.21

<0.001

53.10±16.77

53.00±15.83

0.907

0.548

585 (80.0)

600 (82.1)

0.317

Gender (male), n (%)

585 (80.0)

1,301 (78.9)

Charlson comorbidity (mean ± std)

2.12±1.60

2.63±1.59

<0.001

2.12±1.60

2.13±1.58

0.895

Injury severity (CCI) (mean ± std)

20.03±9.18

19.23±8.84

0.043

20.03±9.18

20.02±9.50

0.991

Glasgow Coma Scale total
(mean ± std)

13.64±2.88

13.75±2.86

0.379

13.64±2.88

13.70±3.08

0.712

Alcohol present, n (%)

205 (28.0)

418 (25.4)

0.170

205 (28.0)

170 (23.3)

0.036

Drugs present, n (%)

131 (17.9)

254 (15.4)

0.125

131 (17.9)

117 (16.0)

0.329

Head injury, n (%)

220 (30.1)

565 (34.3)

0.045

220 (30.1)

211 (28.9)

0.606

ACS level, n (%)

0.555

0.775

Level 1

475 (65.3)

1,095 (67.0)

475 (65.3)

486 (66.5)

Level 2

238 (32.7)

505 (30.9)

238 (32.7)

234 (32.0)

Level 3

14 (1.9)

32 (2.0)

14 (1.9)

11 (1.5)

Level 4

0

3 (0.2)

0

0

CCI, Charlson comorbidity index; std, standard deviation; ACS, acute central cord syndrome.

was eliminated in the matched models. This suggests the
presence of unadjusted confounders in traditional statistical
models, something that matching helps account for. Likely,
this stems from the fact that the early surgery group
demonstrated significantly higher ISS, which was found to
be a significant predictor of death in this group.
Timing following CCS remains controversial. A metaanalysis in 2017 by Wilson et al. (16) of 449 relevant
citations found significant variability in terms of the
effect of early surgical intervention (≤24 hours) on patient
performance on subsequent neurological testing. However,
there is a general consensus that early surgery is safe and
perhaps even superior in terms of neurological recovery
following ACS. Thus, despite continuing investigation,
early surgical intervention for ACS is considered the
current standard of practice (17,18). For instance, Fehlings
et al. found improved neurologic outcome as measured
by ASIA motor scores in their early surgical intervention
group (≤24 hours after injury) compared to their late
surgical intervention group (>24 hours after injury) (17).
Similarly, Chen et al. found that earlier surgery translated
to improved outcomes at 6 months and final follow-up
compared to the delayed surgery group (14). Our findings
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corroborate these data demonstrating the safety and efficacy
of early intervention in ACS and use a large patient group
and statistical matching to attempt to mitigate some of the
aforementioned controversy.
Despite this, in a study of 211 patients with ACS, Aarabi
et al. (19) showed no significant relationship between
time before surgery and ASIA motor score, or Functional
Independence Score (FIM). Additionally, a recent study by
Samuel et al. (1), which similarly used NTDB data, reported
an association between delayed surgical intervention and
a decreased odds of inpatient mortality. This translated
to a 19% decrease in odds of mortality with each 24-hour
increase in time until surgery (1). This is in contrast to a
recent meta-analysis by Anderson et al. that used 5 large
databases to conclude that surgery for ACS in less than
24 hours appeared safe and effective (8). If early
intervention in fact was neutral or detrimental to patient
morbidity and mortality compared to delayed intervention,
this may call into question the aforementioned standard of
care regarding ACS. However, although Samuel et al. took
into account the severity of patient injury via the ISS and
CCI, they assumed average values for these numbers when
calculating the reduction in overall risk of mortality (1). Our
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Table 4 Summary of logistic regression models with entire sample and propensity matched sample
Variables

Full sample (n=2,379)

Propensity matched sample (n=731×2=1,462)

Odds ratio

95% CI

P value

Odds ratio

95% CI

P value

Surgery within 24 hours

1.45

0.90–2.35

0.129

1.58

0.87–2.88

0.137

Model AUC

0.56

0.47–0.64

–

0.56

0.47–0.64

–

Age

1.02

0.99–1.05

0.301

1.00

0.96–1.04

0.996

Injury severity

1.05

1.04–1.07

<0.001

1.05

1.03–1.07

<0.001

CCI

1.68

1.31–2.14

<0.001

2.00

1.44–2.77

<0.001

Surgery within 24 hours

1.90

1.14–3.16

0.013

1.68

0.89–3.17

0.107

Model AUC

0.81

0.76–0.86

–

0.82

0.76–0.88

–

Surgery within 24 hours

1.23

0.94–1.62

0.140

1.20

0.86–1.66

0.280

Model AUC

0.52

0.49–0.56

0.52

0.48–0.57

Age

0.99

0.98–1.01

0.452

0.98

0.96–1.00

0.115

Injury severity

1.04

1.03–1.05

<0.001

1.05

1.03–1.06

<0.001

CCI

1.39

1.19–1.63

<0.001

1.54

1.25–1.90

<0.001

Surgery within 24 hours

1.38

1.04–1.84

0.027

1.22

0.87–1.71

0.255

Model AUC

0.68

0.64–0.71

–

0.69

0.65–0.73

–

Outcome: death
Unadjusted model

Adjusted model

Outcome: SAE + death
Unadjusted model

Adjusted model

AUC, area under the curve; SAE, serious adverse events; CCI, Charlson comorbidity index.

study, which utilized a more nuanced matching technique,
emerged with a different outcome.
Propensity-matching is a statistical technique commonly
used to adjust for confounders in observational studies that
extends beyond traditional multivariate analysis. Yet it begs
the question, is this advanced matching necessary? In this
paper, we can conclude that matching appears to provide a
benefit beyond simply adjusting for the sample size. There
was no difference in the significance of any of the covariates
or early surgery from the matched sample. However, there
is the question as to which is the correct model. Authors
in the past have commented “all models are wrong, but
some are useful” (20). Are we more correct to report the
results using full sample size along with the potential for
confounding or to address potential confounding and
report results from an adjusted data set? Based on our
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analysis, it suggests that there are hidden confounders
that may sway the results of previous studies to favor later
intervention. Based on our data, these confounders, if
adequately controlled, result in contrary conclusions that
match previous clinical reports and consensus statements
(9,11,15,16).
Limitations
The most significant limitation of this study is the lack of
randomization for surgical timing assignment. The use of
observational studies for investigation of treatment effects
remains controversial. However, study design and statistical
analyses may negate or effectively reduce the associated
bias. In this study, we used propensity analysis in an attempt
to enable a more rigorous adjustment for selection bias
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and confounding factors than would be possible with
standard multivariate analyses. Additionally, it is important
to consider the inherent limitations of administrative,
multicenter registries such as the NTDB when interpreting
the results of this study such as treatment protocol
heterogeneity, patient factors, and data entry. Notably, the
NTDB only tracks in-patient morality; we were unable
to evaluate 30-day all-cause mortality associated with the
procedure or hospitalization. Furthermore, the available
data lack granularity regarding details of the neurological
injury, such as the level of injury, neurological status
(ASIA impairment grade, weakness, etc.), and neurological
outcomes, all of which could impact surgical decisionmaking and affect choice of early vs late intervention.
However, despite lack of granularity, such data provides
valuable, high volume insight into a relatively uncommon
and unpredictable pathology such as cervical SCI and
central cord syndrome.
Conclusions
There does not appear to be an association between early
surgical intervention and increased mortality in the setting
of acute central cord syndrome. We theorize that using the
NTDB to analyze survival is confounded by patient factors
including existing comorbidities and multisystem trauma,
rather than timing of surgical intervention. Delaying
definitive surgical care may predispose patients to worsened
disposition and greater neurological morbidity.
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Supplementary
Table S1 ICD 9 diagnosis codes
ICD 9 categories

ICD9 diagnosis codes

ICD-9 diagnosis codes
Central spinal cord injuries

806.03, 806.08, 806.13, 806.18, 952.03, 952.08

Head injury

800.0–804.9, 850.0–854.9

Thoracic spine injury

805.2, 805.3, 806.20–806.39, 952.1

Lumbar spine injury

805.4, 805.5, 806.4, 806.5, 952.2

Pelvic fracture

808.00–808.99

Upper extremity fracture

810.00–819.99

Lower extremity fracture

820.00–828.99

Thoracic organ injury

861.00–862.99

Abdominal organ injury

863.00–868.99

Hemothorax/pneumothorax

860.0–860.5

ICD-9 procedure codes
Cervical spinal cord decompression/fusion

3.09, 80.51, 81.01, 81.02, 81.03

ICD-9 external causes of injury
Fall

833.0–835.9, 880.0–889.9, 929.3, 957.0–957.9, 968.1, 987.0–987.9

4+ wheeled motor vehicle accident

810–825 (XXX.0, XXX.1, XXX.4), 929.0, 958.2, 968.5

Motorcycle accident

810–825 (XXX.2, XXX.3)

Pedestrian/bicycle accident

810–825 (XXX.6, XXX.7), 826.0–826.9

ICD-9, International Classification of Diseases, Ninth Revision.

