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Abstract 

Background: 

Odontoid fractures are common and projected to increase. Comorbidities compound risk 

of surgery and balancing the risk of non-operative management is controversial. Stable 

fractures are managed based on patient comorbidity with suspected clinical prognosis. 

Type I and III fractures are typically managed safely with cervical orthoses. Management 

decisions of type II fractures however, come under frequent debate. This paper evaluates 

overall morbidity and mortality, and outcomes of operative and non-operative 

management.   

Methods: 

We performed national database review of C2 fractures from January 2014 to December 

2019. Patients were divided into categories based on Glasgow Coma Scale (GCS) and 

Injury Severity Score (ISS). Outcomes data considered hospital admission, Intensive 

Care Unit (ICU) admission, hospital length of stay (LOS), ICU LOS, and mortality. Logistic 

regression was used for mortality, hospital admission, and ICU admission. Odds ratios 

(OR) and 95% confidence intervals (CI) were calculated from the logistic regression 

models. The Kruskal-Wallis test was used to compare the hospital and ICU LOS based 

on surgery overall, and by GCS and ISS.  

Results: 

42,003 patients were identified, 9,187 had surgery with overall mortality rate of 0.7%. 

There was a younger operative median age (67) and interquartile range (IQR: 47, 78) 

than non-operative group (73, IQR: 56, 83). Both had the same median ISS score (10). 
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Surgery was associated with lower rates of mortality, from 0.1% to 0.9% mortality for non-

operative. Mild or moderate GCS mortality improved operative (0.07%) to non-operative 

(0.23%). Severe GCS patients with surgery had significantly improved mortality rates 

patients without (0.29% vs 7.69%, respectively). Surgery increased ICU admissions for 

every ISS category. Severe GCS had higher chances of ICU admission, but no interaction 

with surgery. Operative patients had longer hospital and ICU stays. For all GCS and ISS 

categories, hospital and ICU LOS was longer for operative patients. 

Conclusions: 

This review demonstrates significant improvement in mortality with operative 

management. Standard non-operative management of type I and III C2 fractures is 

appropriate. Surgeons should consider operating on type II odontoid fractures unless 

patient cannot undertake the surgical risks of induction with general anesthesia.  

Level of evidence: Level IV 
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Background: 

Odontoid fractures are a common injury among the elderly [1] and with an ever-

growing population, the number of injuries will continue. The frequency of injury and 

location of fracture on the dens of C2 vertebrae led Anderson and D’Alonzo to classify 

them as type I (fractures through the tip), type II (fractures through the base), and type III 

(fractures through the body of the C2 vertebral body) [2]. Consensus has established the 

validity of non-operative management with cervical collars for types I and III odontoid 

fractures, but the management of type II fractures continues to be a source for continued 

clinical debate. Odontoid fractures as a result of traumatic mechanism have a bimodal 

age distribution with peaks in younger adults aged 20-30, and elder adults aged 70-80 

[3]. The younger group tend to incur injuries due to high velocity/high energy mechanism, 

while the elder group is thought to be injured during falls due to aging pathology [3, 4]. It 

is this aging pathology that causes concern for optimal management as the anatomy of 

the fracture lends to poor healing due to weaker blood supply and poorer bone quality, 

as well as high risk for strain from transverse ligament [4, 5].   

Due to comorbidities of the elderly and risk of surgery, as well as the risk of further 

injury in non-operative management, several papers have been published to try to glean 

evidence toward better decision-making. With the incidence of odontoid fractures 

reported as 21.4 per 100, 000 inpatient Medicare admissions and estimated costs over 

$1.5 billion with the majority being elderly patients older than 65 [4], optimizing outcomes 

and improving patient care will decrease cost and further morbidity in an already 

vulnerable population. Unstable cervical fractures with high risk of compromising spinal 

cord are managed operatively, but fractures with no immediate risk to spinal cord are 
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managed based on clinical gestalt and balancing patient comorbidity with suspected 

clinical prognosis. Odontoid fracture mortality has been reported as 10-20% in 30-day, 

and 20-50% in 1-year post-injury with low hemoglobin, admission from nursing facility, 

and neurological deficits (demonstrated by decreased GCS) as being predictors of 

mortality [4].  

Non-operative management with cervical orthoses using a halo vest (HV), rigid 

cervical collar, or semi-rigid cervical collars (common brands: Philadelphia, Aspen, Miami 

J) are the usual management for stable type I and III odontoid fractures. Operative 

management is typically used in unstable odontoid and stable type II fractures, based on 

clinical judgement and weighing patient risk for surgery. The most common odontoid 

fracture is the type II being 65-74% of all reported odontoid fractures [6]. Management of 

stable type II odontoid fractures has come under frequent debate due to the unclear 

guidance or concrete clinical outcomes picture due to several patient factors and limited 

institutional studies. This paper aims to provide a large multicenter review of the American 

National Trauma Database system to evaluate overall morbidity and mortality in odontoid 

fractures, and the outcomes of operative and non-operative management.  

Methods: 

The National Trauma Database (NTDB) was searched for all C2 fractures from 

January 2014 to December 2019. Inclusion criteria consisted of International 

Classification of Diseases (ICD)-9 codes 805.02 or 805.12 and ICD-10 codes beginning 

with S12.1XX, as well as all ICD-9 and ICD-10 procedure codes included within the 

standard surgical procedures included in operative repair of C2 fractures. The patients 

were divided into categories based on Glasgow Coma Scale (GCS) of mild to moderate 
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(GCS >8) and severe (GCS ≤8). Injury Severity Score (ISS) was also categorized as 

minor (ISS 1-8), moderate (ISS 9-15), severe (ISS 16-24), and very severe (>24). 

Outcomes data that were considered included injury leading to hospital admission, injury 

leading to Intensive Care Unit (ICU) admission, hospital length of stay (LOS), ICU LOS, 

and mortality of injury. Patients were excluded for subjects who had died on index 

admission, or who were transferred to another hospital or left against medical advice. The 

ICU admission model included subjects who had been admitted to the hospital. Surgical 

intervention was the predictor variable of interest, and sex, age, race, ethnicity, ISS 

category, and GCS category were all considered as possible covariates or moderators 

between surgery and the outcome variables. A separate model was fit for each outcome 

variable. A logistic regression was used for mortality, hospital admission, and ICU 

admission.  

The initial model included surgery, and a second model included surgery and all 

the possible covariates or moderators. A third model included the terms from the second 

model and the interactions between surgery and the possible covariates. Based on a log-

likelihood test (alpha=0.05), interactions with evidence for statistical significance were 

followed up using descriptive statistics and estimating confidence intervals for 

proportions. This approach was taken because, even though the data set was large, the 

interactions produced some small categories which may have biased the estimates in the 

logistic regression.  Odds ratios (OR) and the associated 95% confidence intervals (CI) 

were calculated from the first and second logistic regression models.  For LOS outcomes, 

parametric models were a poor fit, so the Kruskal-Wallis test was used to compare the 
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hospital and ICU LOS for subjects who did and did not have surgery overall and by GCS 

and ISS. Analyses were done in Rv4.0.5. 

Results: 

A total of 42,003 subjects were included in the study, and 9,187 had surgery. 

Mortality rate was 0.7% (295 of 41,519; data for 484 was missing). The surgery group 

consisted of subjects who were slightly more likely to be male, were less likely to included 

Pacific Islanders and more likely to include American Indians and Hispanic or Latino, and 

who had relatively more individuals with severe or very severe ISS or severe GCS (Table 

1). In both groups, the age range was 1 to 89, but the surgery group subjects had younger 

median age (67) and interquartile range (IQR: 47, 78) than for the non-surgery group 

(median: 73, IQR: 56, 83). Surgically managed and nonoperatively managed patients had 

the same median ISS score with surgery 10 (IQR: 9, 14) and nonoperative 10 (IQR: 9, 

17).  

Mortality 

Even adjusted for covariates such as injury severity, age, and race, surgery was 

associated with substantially lower rates of mortality, from 0.1% mortality for subjects who 

had surgery to 0.9% mortality for subjects who did not have surgery (Table 2). The effect 

of surgery on mortality was moderated by the GCS (chi-squared=10.7, p<0.001). For 

subjects with mild or moderate GCS, mortality went from 0.07% with surgery to 0.23% 

with no surgery (Table 3). The effect was larger for subjects with severe GCS, where 

patients who had surgery had mortality rates that were more than an order of magnitude 

smaller than for severe GCS patients without surgery (mortality: 0.29% vs 7.69%, 
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respectively) (Table 3). Mortality rates varied little by sex or race, and the ISS did not have 

a strong association with mortality. Subjects with a severe GCS had a higher mortality 

rate than subjects with mild or moderate scores. Mortality rates did not significantly vary 

by race (chi-squared=6.0, df=5, p=0.311). 

Rates of Admission to Hospital or ICU 

The rate of admission to the hospital was 97.1%. Surgery increased the admission 

rate from 96.8% to 98.5% (Table 4), but outcomes varied by ISS (chi-squared=20.7, df=3, 

p<0.001). For subjects with minor or moderate ISS, surgery slightly increased the 

chances of hospital admission for those with minor or moderate ISS, whereas surgery did 

not change the chances of hospitalization for those with severe or very severe ISS (Table 

5). The rate of admission to the ICU for those admitted to the hospital was 49.8%, and 

surgery increased the admission rate to the ICU from 46.0% for those without surgery to 

62.8% for those with surgery (Table 6).  As with hospital admissions, likelihood of 

admission varied by ISS (chi-squared=10.4, df=3, p=0.015). Surgery increased ICU 

admissions for every ISS category (Table 6, 7). Subjects with severe GCS had higher 

chances of ICU admission, but there was no interaction with surgery (chi-squared=0.9, 

df=1, p=0.470). 

LOS in Hospital and ICU 

Overall, subjects who had surgery had longer hospital and ICU stays than subjects 

who did not have surgery (Table 8, 9). For all GCS and ISS categories, the difference in 

hospital LOS and ICU between surgery and no surgery groups was larger for categories 

indicating more severely injured subjects. For example, subjects with mild or moderate 



11 

 

GCS stayed a median of five days without surgery and seven days with surgery. For 

subjects with severe GCS and no surgery, LOS was a median of six days, whereas it was 

17 days with surgery (Table 8). 

Discussion: 

In the United States NTDB data between January 2014 to December 2019, overall 

mortality rate in all odontoid fractures was low at 0.7%, with lower mortality in those 

undergoing operative management in either the mild-moderate and severe GCS groups. 

Outpatient follow-up and care is not tracked through the NTDB, but longer-term odontoid 

fracture mortality has been reported as 10-20% in 30-day, and 20-50% in 1-year post-

injury with most mortalities related to patient comorbidities and not sequelae from 

odontoid fracture injuries [4]. Therefore, the immediate mortality of the odontoid fracture 

is associated with the index admission and management therein. The data demonstrates 

that mortality is improved with operative management, having a mortality rate of 0.1% 

compared to non-operative management mortality rate at 0.9%. ISS scores between the 

two groups were very similar, but GCS was found to be a significant indicator of mortality 

in this study with OR of 21.9 (14.8, 32.4 95% CI) for severe GCS compared with mild to 

moderate GCS. Severe GCS in traumatic injuries is likely due to acute brain injury and 

not a chronic comorbidity of pre-existing conditions for determining pre-operative 

suitability for which the Charlson Comorbidity Index (CCI) [10] or the American College 

of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) [11] were 

designed to aid in clinical decision making. Decisions on whether to operate then become 

based on weighing the clinical stability of the patient in front of the surgeon and the risk 

of the non-operative and surgical intervention options.  
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Non-operative management techniques have been presented as viable options to 

mitigate patient complications with studies providing evidence of fracture fusion in 

selected patients. These selected patients are typically of lower severity (lower ISS) and 

more mild-moderate GCS score. Patients that are deemed too high risk for surgery are 

also managed non-operatively as the patient comorbidity, frailty, or other perioperative 

risks lend greater risk to the patient than the injury itself. In these cases, cervical 

immobilization using one of the methods listed above are utilized. Historically, the halo 

vest was used for maintaining cervical in-line stabilization for healing but require precise 

pin placement and have risks of infection, nerve/brain damage, and provide the patient 

with pain and tissue breakdown beneath the torso, and functional limitation and poor 

compliance [4, 6-8]. Semi-rigid collars were shown to have fewer complications, with 

similar or improved fracture union (>70% semi-rigid vs 40% HV) [4, 6, 8, 9]. Differing 

opinions exist to whether only full osseous fusion or including asymptomatic 

pseudoarthrosis are considered sufficient in goals of care with these fractures. Measures 

of quality of life, pain, and neck mobility are taken into consideration for cessation of non-

operative management with cervical orthosis, with some still requiring surgery for failure 

of non-operative management. Stable nonunion or asymptomatic mobile nonunion have 

been deemed appropriate for clinical outcome in geriatric patients whose operative 

morbidity and mortality associated with undergoing surgery [4]. 

Patient comorbidities in odontoid fractures can be misleading as deciding factors 

for surgery as occult injuries can be missed on radiological studies alone. Stability of injury 

by measuring anteroposterior displacement >3.5 mm and perceived spinal canal invasion 

are insufficient for injury severity. Agunbiade, et al. described a patient with complete 
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cervical cord transection from a ground-level fall in a patient with minimal radiological 

evidence for spinal cord injury from mildly displaced odontoid fracture [12]. Disruption of 

the ligamentous tissues and re-alignment in cervical collar during emergency evaluation 

with routine imaging could miss neurological injury. Suspicion is usually low of severe 

spinal cord injury as it is typically rare and patients may be intubated, but this must always 

be considered in seriously sick patients. When taken for MRI, ligamentous injuries may 

then be found with even minor fractures. Ligamentous injuries may still cause significant 

comorbidity themselves as sub-failure injury to soft tissues can still cause persistent pain, 

headaches, dizziness, and chronic spine pain [13].  

Cervical ligaments placed under stress during the traumatic injury but not rupturing 

can still create structural damage causing spinal instability and chronic pain leading to 

increased future falls or injury. Therefore, even when odontoid fractures are managed 

non-operatively with fracture union, patients may be left with persistent cervical instability 

[13]. Lending to cervical instability in these patients is a study by Kepler, et al. that 

demonstrated 30% of acute traumatic injury with initial findings of type II odontoid 

fractures had chronic C2 injuries with obvious nonunion from poor primary healing, with 

17.5% of these showing new neurologic deficits on secondary injury [14]. These patients 

in that study were new to the hospital where this study was performed and did not state 

whether the patient had known of prior diagnosis of odontoid fracture or treatment non-

operatively. The number of chronic type II odontoid fracture patients and their likelihood 

of returning to the emergency department for subsequent injuries found in this single 

institution may demonstrate an underrepresentation of morbidity for non-operative 

management causing increased evidence for early operative management. 
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Operative management techniques for odontoid fractures are divided between 

anterior and posterior approaches. Anterior cannulated screw fixation (ACSF) is the gold-

standard for odontoid fracture surgery and has shown union rates of 88-100% [15, 16]. 

The operation requires anterior exposure through the prevertebral fascia to place screw 

through the body of C2 into the dens fragment to pull it towards the fracture line for fusion. 

This approach provides immediate stabilization, reduced post-operative pain, no bone 

grafting, and preservation of the atlanto-axial rotational movement [15]. The neck 

disability index (NDI) measuring the subjective pain and discomfort of the patient was 

rated as better than posterior instrumentation of C1-2 without fusion (PIWF) but showed 

decreased union rates (90.9% ACSF vs 96% PIWF; not statistically significant in that 

study) [15]. Both approaches demonstrate much higher successful union rates compared 

to non-operative management (90.9-96% vs 40-70%) [4, 6-9, 14, 15]. PIWF involves a 

second operation to remove the instrumentation, so the patient is put at risk for surgical 

complications again in order to return some of the axial rotation of the cervical spine, but 

still not as much as present in ACSF. Another posterior approach is a posterior 

instrumentation with fusion (PIF) where bone graft is used to fuse the C1-C2 vertebrae to 

achieve immediate cervical stability but a loss of approximately 50% of axial rotation [4], 

however it requires only a single operation with 90.5% union rate compared to 96% union 

rate in PIWF [17]. This approach reduces functionality but saves the patient from 

additional surgery if patient comorbidity and risk of reoperation is a deciding factor. 

Another approach is an occipito-cervical fusion (OCF) which is typically used when a 

posterior decompression is needed. This significantly reduces in cervical mobility, 

increases risk of dysphagia, has lower fusion rates, and significant post-operative 
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complications as the procedure requires instrumentation along the occiput through C1 

and C2 [18]. 

Comparing all odontoid fractures in this large national database, low mortality in 

operative management for all types has shown better outcomes than non-operative 

management. Given that the standard management of type I and type III odontoid 

fractures are nonoperative with cervical collars, the operative patients are likely the 

unstable fractures and type II odontoid fractures. Patients undergoing surgery have 

demonstrated longer hospital length of stay and increased likelihood of ICU admission. 

This may represent the time required for post-operative recovery as an operation was 

associated with longer ICU and hospital LOS for each level of ISS and GCS groups. 

Longer hospital and ICU LOS in severe GCS compared to mild to moderate GCS, and 

similarly with more severe ISS scores, likely is associated to other injuries as operative 

fixation of the fracture immediately stabilizes the odontoid injury. Wagner, et al. reported 

that non-operative management of type II odontoid fractures led to hazard ratios for 

mortality at follow-up was 1.35 and an eventual delayed operation of 22% of patients [19].  

In the elderly population incurring these injuries, the bone quality and blood supply 

necessary for non-operative fracture healing was a comorbid risk to optimal healing [19]. 

Physiology and pre-existing comorbid conditions might be indications toward operative 

management due to chronic pain and complications leading to eventual and costly 

continued management. Surgery was not found to have a negative impact on survival 

with adjusted comorbidities in the AOSpine North America study by Chapman, et al [20]. 

Mitigating cost and risk associated with prolonged non-operative management in elderly 

patients 65-84 would be more beneficial to undergo an operation when considering cost 
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at $100,000/quality-adjusted life year (QALY) as a surgical benchmark [19]. The longer 

hospital and ICU LOS associated with surgical healing and management of acute injuries 

may be marginal financial cost by operating on type II odontoid fractures relative to the 

opportunity cost of prolonged outpatient clinic hours, subsequent operative time to the 

surgeon and chronic pain, medication effects, and quality of life lost by patients.  

Conclusions: 

Odontoid fractures continue to be a common injury and despite multiple 

publications discussing management, especially with the focus being type II odontoid 

fractures, there does not appear to be a large enough review to define an optimal 

decision. Several literature reviews have summarized individual institutional data and 

described various surgical techniques to manage these fractures with evidence that good 

long-term clinical outcomes can be achieved from operative management over non-

operative management. There have been several surgical approaches described that 

provide options to the surgeon for handling acceptable post-operative complications while 

fixing the fracture depending on the frailty or clinical status of the pre-operative patient. 

The data analyzed in this study of a large national database review demonstrates that 

statistically significant improvement in mortality can be achieved with operative 

management in the acute setting with adjusted patient demographics and comorbidities. 

Injury severity appears to be similar in both operative and non-operative management 

cohorts to reliably compare the two based on surgical intervention. Overall patient care 

with acceptance of marginal increase in financial costs due to hospital and ICU stays 

associated with surgical intervention are preferable to opportunity cost of prolonged 

management of patients and complications associated with no intervention. Based on 
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these data, unless the patient cannot undergo the surgical risks of induction with general 

anesthesia, we recommend be managed operatively with one of the approaches 

described rather than under non-operative management.  
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n Surgery % surgery p-values

Sex <0.001

Female 21214 4199 20%

Male 20789 4988 24%

Race <0.001

American Indian 179 55 31%

Asian 514 120 23%

Black 2731 759 28%

Pacific Islander 53 7 13%

Other 1723 441 26%

White 35833 7575 21%

ISS 0.009

Not Hispanic or Latino 36128 7768 22%

Hispanic or Latino 2110 505 24%

GCS 0.070

Mild to Moderate (>8; 96% were 15) 30547 2689 9%

Severe (<8; 78% were 3) 3380 691 20%

ISS <0.001

Minor 6306 1385 22%

Moderate 24687 5041 20%

Severe 6897 1695 25%

Very Severe 3629 913 25%

Table 1. Description of population based on surgical status. The number of subjects (n), then 

number who had surgery (Surgery), the percent who had surgery (% surgery), and p-values from chi-

squared tests comparing groups for different rates of surgical intervention are provided.
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OR (95% CI) p-value Died Lived % mortality

Surgery (Unadjusted) 0.12 (0.07,0.23) <0.001

Surgery (Adjusted)             No Surgery 286 32199 0.9%

With Surgery 0.1 (0.04,0.22) <0.001 9 9025 0.1%

Sex                                           Female 127 20856 0.6%

Male 1.01 (0.76,1.34) 0.970 168 20364 0.8%

Age (years) 1.01 (1,1.02) 0.011 62 (41,80) 72 (54,82)

ISS                                              Minor 26 6280 0.4%

Moderate 0.49 (0.28,0.87) 0.015 60 24627 0.2%

Severe 0.78 (0.43,1.44) 0.434 56 6841 0.8%

Very Severe 1.54 (0.86,2.78) 0.148 153 3476 4.2%

GCS                                            Severe 21.9 (14.8,32.4) <0.001 206 3129 6.2%

Mild or moderate 68 35147 0.2%

Race                                        White 225 35273 0.6%

American Indian 4 (1.4,11.7) 0.012 4 172 2.3%

Asian 1.2 (0.4,3.4) 0.702 4 489 0.8%

Black 1.1 (0.7,1.7) 0.681 28 2663 1.0%

Pacific Islander 3.4 (0.4,29.2) 0.268 1 46 2.1%

Other 0.9 (0.5,1.7) 0.736 13 1613 0.8%

Table 2. Differences in mortality based on surgical intervention, sex, age, injury severity score (ISS), Glasgow Coma Scale 

(GCS), and race. The odds ratio (OR) and 95% confidence interval (CI), the p-value based on logistic regression, and the 

number of subjects with a characteristic who died and lived, as well the percent mortality for the group, are reported. 

For age, median and inter-quartile range are reported for each group.

GCS Surgery Died Lived Mortality

GCS Mild or Moderate No Surgery 63 27521 0.23%

Surgery 5 7626 0.07%

GCS Severe No Surgery 204 2448 7.69%

Surgery 2 681 0.29%

95% CI

Table 3. Mortality with and without surgery by GCS category. The number of subjects who 

died and lived and mortality with 95% confidence interval are reported for each combination 

of surgery and GCS.

(0.18,0.29)

(0.02,0.16)

(6.72,8.79)

(0.05,1.17)
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OR (95% CI) p-value Admitted Not admitted % Admitted

Surgery (Unadjusted) 2.16 (1.79,2.59) <0.001

Surgery (Adjusted) No Surgery 28447 953 96.8%

With Surgery 2.46 (2,3.03) <0.001 8370 130 98.5%

Sex                        Female 18661 523 97.3%

Male 0.92 (0.8,1.06) 0.257 18152 560 97.0%

Age (years) 1.01 (1.10,1.01) <0.001 72 (54,82) 69 (49,80)

ISS                     Minor 5349 292 94.8%

Moderate 1.6 (1.37,1.88) <0.001 21810 703 96.9%

Severe 5.26 (3.91,7.08) <0.001 6402 64 99.0%

Very Severe 5.37 (3.44,8.4) <0.001 3256 24 99.3%

GCS   Mild or moderate 31424 988 97.0%

Severe 2.5 (1.6,3.9) <0.001 2948 23 99.2%

Race                        White 31470 908 97.2%

American Indian 1.4 (0.4,4.3) 0.597 153 3 98.1%

Asian 1 (0.6,1.9) 0.955 449 12 97.4%

Black 0.7 (0.6,0.9) 0.004 2373 104 95.8%

Pacific Islander 1.2 (0.2,9.2) 0.832 42 1 97.7%

Other 1.1 (0.8, 1.6) 0.499 1477 35 97.7%

Table 4. Differences in hospitalization rate based on surgical intervention, sex, age, injury severity score (ISS), Glasgow Coma 

Scale (GCS), and race. The odds ratio (OR) and 95% confidence interval (CI), the p-value based on logistic regression, and the 

number of subjects with a characteristic who were and were not admitted, as well the admission rate for the group, are 

reported. For age, median and inter-quartile range are reported for each group.

ISS Surgery Admitted Not admitted Hospital admission

Minor No Surgery 4105 252 94.22%

Surgery 1244 40 96.88%

Moderate No Surgery 17165 639 96.41%

Surgery 4645 64 98.64%

Severe No Surgery 4790 47 99.03%

Surgery 1612 17 98.96%

Very Severe No Surgery 2387 15 99.38%

Surgery 869 9 98.97%

(98.69,99.28)

(98.29,99.37)

(98.94,99.64)

(97.98,99.50)

95% CI

Table 5. Effect of GCS on hostpical admission with and without surgery. The number of subjects who 

were and were not admitted and the admission rate, with 95% confidence interval, are reported for 

each combination of surgery and GCS.

(93.47,94.88)

(95.74,97.74)

(96.12,96.68)

(98.25,98.94)
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OR (95% CI) p-value Admitted Not admitted % Admitted

Surgery (Unadjusted) 1.98 (1.88,2.08) <0.001

Surgery (Adjusted)            No Surgery 13129 15394 46.0%

With Surgery 2.02 (1.9,2.14) <0.001 5267 3123 62.8%

Sex  Female 8446 10268 45.1%

Male 1.21 (1.15,1.27) <0.001 9946 8249 54.7%

Age (years) 1 (1,1) 0.666 69 (50,81) 75 (59.83)

ISS Minor 1800 3569 33.5%

Moderate 1.47 (1.36,1.58) <0.001 9023 12850 41.3%

Severe 4.43 (4.05,4.84) <0.001 4543 1866 70.9%

Very Severe 14.325 (12.17,16.91) <0.001 3030 232 92.9%

GCS Mild or Moderate 15.6 (12.5,19.5) <0.001 14566 16946 46.2%

Severe 1 (1,1) <0.001 2846 105 96.4%

Race White 15264 16286 48.4%

American.Indian 1.1 (0.7,1.6) 0.654 92 62 59.7%

Asian 1.1 (0.9,1.4) 0.498 239 212 53.0%

Black 1.1 (1,1.2) 0.136 1348 1032 56.6%

Pacific.Islander 1.5 (0.7,3.3) 0.285 26 16 61.9%

Other 1.3 (1.2,1.5) <0.001 921 558 62.3%

Table 6. Differences in ICU admission rate based on surgical intervention, sex, age, injury severity score (ISS), Glasgow Coma Scale 

(GCS), and race. The odds ratio (OR) and 95% confidence interval (CI), the p-value based on logistic regression, and the number of 

subjects with a characteristic who were and were not admitted, as well the admission rate for the group, are reported. For age, 

median and inter-quartile range are reported for each group.

ISS Surgery Admitted Not admitted ICU admission

Minor No Surgery 1274 2847 30.91%

Surgery 526 722 42.15%

Moderate No Surgery 6429 10787 37.34%

Surgery 2594 2063 55.70%

Severe No Surgery 3228 1567 67.32%

Surgery 1315 299 81.47%

Very Severe No Surgery 2198 193 91.93%

Surgery 832 39 95.52%

(65.96,68.64)

(79.47,83.32)

(90.74,92.97)

(93.87,96.76)

95% CI

Table 7. ICU admission rates with and without surgery by ISS category. The number of subjects who died 

and lived and mortality with 95% confidence interval are reported for each combination of surgery and 

ISS.

(29.51,32.36)

(39.39,44.95)

(36.62,38.07)

(54.25,57.13)
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Surgery n LOS W P

All Subjects No Surgery 28104 5 (3,8) 2386 <0.001

Surgery 8349 7 (5,8)

GCS Mild or Moderate No Surgery 24060 5 (3,7) 1995 <0.001

Surgery 7092 7 (5,12)

Severe No Surgery 2222 6 (2,17) 268 <0.001

Surgery 655 17 (9,28)

ISS Minor No Surgery 4044 3 (2,5) 243 <0.001

Surgery 1242 5 (3,8)

Moderate No Surgery 17001 4 (3,7) 1545 <0.001

Surgery 4633 7 (4,10)

Severe No Surgery 4728 7 (4,11) 340 <0.001

Surgery 1609 10 (6,17)

Very Severe No Surgery 2331 8 (3,18) 313 <0.001

Surgery 865 17 (10,28)

Table 8. Hospital length of stay (LOS) with and without surgery by GCS and ISS categories. 

The number of subjects (n), median and interquartile range for LOS, and test statistic and p-

values from a Kruskal-Wallis test (W) are reported.

Surgery n ICU LOS W P

All Subjects No Surgery 11763 3 (2,6) 404 <0.001

Surgery 3449 5 (3,11)

GCS Mild or Moderate No Surgery 9708 3 (2,5) 312 <0.001

Surgery 2846 5 (3,9)

Severe No Surgery 1349 5 (2,12) 158 <0.001

Surgery 372 13 (7,21)

ISS Minor No Surgery 1230 2 (2,3) 26 <0.001

Surgery 340 3 (2,4)

Moderate No Surgery 6293 3 (2,4) 178 <0.001

Surgery 1625 4 (2,7)

Severe No Surgery 2630 4 (2,7) 100 <0.001

Surgery 902 6 (3,12)

Very Severe No Surgery 1610 5 (2,13) 160 <0.001

Surgery 582 12 (6,20)

Table 9. ICU length of stay (LOS) with and without surgery by GCS and ISS categories. The 

number of subjects (n), median and interquartile range for LOS, and test statistic and p-values 

from a Kruskal-Wallis test (W) are reported.


