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Investigation performed at Harborview Medical Center, Seattle, Washington

Background: Respiratory failure is a serious complication that can adversely affect the hospital course and survival 
of multiply injured patients. Some studies have suggested that delayed surgical stabilization of spine fractures may 
increase the incidence of respiratory complications. However, the authors of these studies analyzed small sets of pa­
tients and did not assess the independent effects of multiple risk factors.

Methods: A retrospective cohort study was conducted at a regional level-1 trauma center to identify risk factors for res­
piratory failure in patients with surgically treated thoracic and lumbar spine fractures. Demographic, diagnostic, and pro­
cedural variables were identified. The incidence of respiratory failure was determined in an adult respiratory distress 
syndrome registry maintained concurrently at the same institution. Univariate and multivariate analyses were used to 
determine independent risk factors for respiratory failure. An algorithm was formulated to predict respiratory failure.

Results: Respiratoryfailure developed in 140 of the 1032 patients in the study cohort. Patients with respiratoryfail­
ure were older; had a higher mean Injury Severity Score (ISS) and Charlson Comorbidity Index Score; had greater inci­
dences of pneumothorax, pulmonary contusion, and thoracic level injury; had a lower mean Glasgow Coma Score 
(GCS); were more likely to have had a posterior surgical approach; and had a longer mean time from admission to 
surgical stabilization than the patients without respiratory failure (p < 0.05). Multivariate analysis identified five inde­
pendent risk factors for respiratory failure: an age of more than thirty-five years, an ISS of >25 points, a GCS of <12 
points, blunt chest injury, and surgical stabilization performed more than two days after admission. An algorithm was 
created to determine, on the basis of the number of preoperative predictors present, the relative risk of respiratory 
failure when surgery was delayed for more than two days.

Conclusions: Independent risk factors for respiratory failure were identified in an analysis of a large cohort of pa­
tients who had undergone operative stabilization of thoracic and lumbar spine fractures. Early operative stabilization 
of these fractures, the only risk factor that can be controlled by the physician, may decrease the risk of respiratory 
failure in multiply injured patients.

Level of Evidence: Prognostic Level II. See Instructions to Authors for a complete description of levels of evidence.

■ l  arly operative stabilization of spinal fractures in multi- 
l-H  ply injured patients is advocated on the basis of the 
!■ J  belief that it reduces complications associated with 

prolonged recumbency. Evidence supporting this view was re­
ported by Schlegel et al. in a retrospective analysis of 138 pa­
tients who had undergone operative fixation of unstable 
spinal fractures'. They found that, of ninety-eight patients 
with thoracic and lumbar fractures, those who had an Injury 
Severity Scores (ISS) of >18 points and had had surgery more 
than seventy-two hours after admission had signficantly 
greater collective morbidity (p < 0.05). Unfortunately, because

of the small number of patients in the study, the significance 
of the effect of surgical timing on the rates of individual m or­
bid conditions such as pulmonary complications, urinary 
tract infections, and thromboembolic disease could not be de­
termined. Furthermore, the impact of other injuries, such as 
those of the chest and head, was not considered.

Croce et al. subsequently presented additional supportive 
evidence in an analysis of 291 patients with spinal column inju­
ries who underwent surgical fixation’. Several variables were re­
corded, including age, ISS, Glasgow Coma Score (GCS), blood 
transfusion requirements, chest Abbreviated Injury Scale (A IS)
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severity score, neurological injury, and level of spinal injury In­
dividuals who had undergone operative fixation within three 
days after the injury had a significantly lower incidence of pneu­
monia (p = 0.03) and a shorter stay in the intensive care unit 
(p = 0.001). Subgroup analysis of patients with thoracic spine 
fractures demonstrated that those who had undergone surgical 
fixation less than three days after the injury had a lower inci­
dence of pneumonia and fewer days of ventilator use, in the in­
tensive care unit, and in the hospital compared with patients 
who had undergone surgical fixation more than three days after 
the injury Statistical analysis consisted of multiple univariate 
comparisons between patients grouped by injury characteris­
tics. Multivariate analysis was not done.

Kerwin et al.1 recently performed a similar analysis of 
299 patients with spinal column fractures requiring surgical 
stabilization. They carried out univariate analysis to compare 
patients who had undergone surgical stabilization within sev­
enty-two hours after the injury with those for whom stabiliza­
tion had been delayed for more than seventy-two hours. 
Again, multivariate analysis was not done. The group with the 
early surgery was found to have a shorter length of hospital 
stay No difference in the incidence of pneumonia or mortality 
could be demonstrated between the two groups. Subgroup 
analysis of the patients with thoracic spine injuries and associ­
ated spinal cord injury showed the incidence of pneumonia to 
be lower when surgery had been performed within seventy- 
two hours after the injury The authors concluded that a rigid 
protocol to determine the timing of surgical fixation is not 
justified and treatment should be individualized to the medi­
cal condition of each patient.

The authors of the above studies explored the premise that 
early stabilization of spinal fractures improves non-neurological 
outcomes, but the studies lacked sufficient numbers of patients 
to allow a more rigorous statistical analysis. It is clear that many 
variables contribute to the outcomes in severely injured pa­
tients, and it would be difficult, if not impossible, to address all 
of these variables in any study Nevertheless, an analysis relative 
to a discrete, categorical outcome variable in a larger cohort of 
patients would be useful for determining whether early surgical 
stabilization of unstable spinal fractures is advisable.

Our institution is a regional trauma center that serves as 
the only level-I trauma center for five northwestern states. The 
institution has more than 5000 annual trauma admissions, in­
cluding a large number of patients with thoracic and lumbar 
spine fractures that are treated with surgical stabilization. Data 
on all trauma admissions since 1985 have been entered into the 
institutional trauma registry Patients in whom an acute lung 
injury or adult respiratory distress syndrome develops are in­
dependently entered into a separate adult respiratory distress 
syndrome registry that has been maintained over the same 
time-period. It was therefore possible to identify a large number 
of patients who had undergone surgical stabilization of thora­
columbar fractures as well as the proportion in whom respira­
tory failure developed as a result of acute lung injury or adult 
respiratory distress syndrome. Identification of this large cohort 
of patients enabled us to perform more rigorous statistical anal­
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ysis than had been done by previous investigators. Specifically, it 
allowed use of multivariate analysis to identify independent risk 
factors for the development of acute lung injury or adult respi­
ratory distress syndrome. Our hypothesis was that the time to 
surgery is an independent risk factor for the development of 
respiratory failure in trauma patients undergoing surgical stabi­
lization of thoracic and lumbar fractures.

Materials and Methods
A  study proposal was submitted and approval was obtained 

from the hum an subjects division at our institution be­
fore the study began. The integrity of the database and patient 
confidentiality were maintained according to the United States 
Health Insurance Portability and Accountability Act (HIPAA) 
regulations and the policies of our institution. Data were ob­
tained from the institutional trauma registry and adult respi­
ratory distress syndrome registry Our trauma registry is a 
computerized database that contains information on all pa­
tients evaluated for traumatic injury at our institution who ei­
ther were admitted to the hospital or died in the emergency 
department. The registry is used for quality improvement and 
clinical research, and it provides data to the Washington State 
Trauma Registry1. The adult respiratory distress syndrome 
registry at our institution is a prospectively collected research 
database that is part of an ongoing Adult Respiratory Distress 
Syndrome Specialized Center of Research program at our in­
stitution. All patients in the intensive care unit were evaluated 
daily to identify those with acute lung injury or adult respira­
tory distress syndrome for entry into the database5.

The trauma registry was queried to identify all patients 
who had been treated for thoracic and lumbar spine fractures 
from January 1985 through January 2004. Demographic, pro­
cedural, and outcome variables were obtained in separate 
Microsoft Excel spreadsheets (Microsoft, Redmond, Washing­
ton). The demographic variables that were collected included 
age; ISS; AIS scores for the head and neck, face, chest, abdo­
men, extremities, and external; CCS on initial evaluation in 
the emergency department; comorbidities; smoking history; 
and diagnostic codes (International Classification of Diseases, 
Ninth Revision, Clinical Modification [ICD-9-CM]) for spi­
nal injury, pulmonary contusion, and pneumothorax. The 
procedural variables included the date and time of admission 
to the emergency department, the procedure code (ICD-9- 
CM) for the surgical stabilization of the spine, and the date 
and time of the spine surgery The time to surgery was calcu­
lated in hours and was converted to a hospital day for data 
analysis, so that surgery done from zero to twenty-four hours 
after admission was designated as having been performed on 
day 1, surgery done from twenty-five to forty-eight hours after 
admission was designated as having been performed on day 2, 
and so on. The outcome variables were the duration of the 
stay in the intensive care unit, the duration of hospitalization, 
and m ortality The spreadsheets were examined for duplicate 
and missing entries. Duplicate entries were rectified, and pa­
tients with missing entries were excluded. We then queried the 
adult respiratory distress syndrome registry to search for the
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Fig. i

Incidence of respiratory failure versus time between admission and surgery (in days).

patients in the resulting patient cohort. Patients diagnosed 
with either acute lung injury or adult respiratory distress syn­
drome according to this database were considered to have res­
piratory failure. The criteria for adult respiratory distress 
syndrome in this database are a Pa02/Fi02 (arterial oxygen 
tension/fraction of inspired oxygen) ratio of <200 and a chest 
radiograph demonstrating involvement of a minimum of 
three quadrants. Beginning in 1996, patients with acute lung 
injury, according to the criteria of a Pa02/Fi02 ratio of <300 
and a chest radiograph showing involvement of a minimum of 
three quadrants, were also entered into the registry. The 
spreadsheets from the trauma registry and the adult respira­
tory distress syndrome registry were combined into a single 
spreadsheet for further calculations and statistical analysis 
with use of the DigDB augmentation software for Microsoft 
Excel (Data Instrument Group, M ountain View, California).

Statistical Methods
Data were analyzed with use of SAS version-8 software (SAS 
Institute, Cary, North Carolina). Univariate analysis was per­
formed with use of the two-sample Student t test for continu­
ous variables and the chi-square test for categorical variables. 
Patients with respiratory failure were compared with those 
w ithout respiratory failure. The time to surgery was consid­
ered in terms of the days since admission to the hospital (one 
to seven days or more) and in terms of whether it was per­
formed on day 1 (from zero to twenty-four hours since admis­
sion), day 2 (from twenty-five to forty-eight hours since 
admission), and so on, and the chi-square test was used to 
compare the incidence of respiratory failure among the differ­
ent days. In addition, Pearson correlation coefficients were 
calculated to determine relationships between continuous

variables, between dichotomous and continuous variables 
(point-biserial correlation), and between dichotomous vari­
ables (phi correlation). The Spearman correlation was calcu­
lated between ordinal and continuous variables.

Multiple logistic regression with stepwise selection was 
performed to identify significant predictors of respiratory fail­
ure. Candidate variables were first chosen on the basis of clini­
cal utility. The ISS was initially included as a general indicator 
of multisystem trauma. The AIS scores were excluded because 
they were used to calculate the ISS and therefore were not in­
dependent of the ISS. Lung contusion and pneumothorax 
were combined into one variable, blunt lung injury.

We chose variables with a p value of <0.2 in the univari­
ate analysis as the final candidates for the logistic model6. All 
continuous candidate variables were converted to categorical 
variables with two levels. Cutoff points were determined for 
the ISS, the GCS, and age so that these clinical predictors were 
outside the 95% confidence intervals derived from the 
univariate analysis for the patients with and without respira­
tory failure. The chosen cutoff points were >25 points for the 
ISS (95% confidence interval, 18.8 to 20.1 points for patients 
without respiratory failure and 28.1 to 32.2 points for those 
with respiratory failure), <12 points for the GCS (95% confi­
dence interval, 13.3 to 13.7 points for patients without respi­
ratory failure and 7.3 to 9.1 points for those with respiratory 
failure), and more than thirty-five years for age (95% confi­
dence interval, 32.6 to 34.5 years for patients without respira­
tory failure and 39.9 to 45.9 years for those with respiratory 
failure). The cutoff point for the time to surgery was greater 
than two days after admission and was based on the data pre­
sented in Figure 1 and derived with chi-square analysis. The 
Hosmer-Lemeshow goodness-of-fit test was used to estimate
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the regression model fit. A receiver operating characteristic 
curve was constructed to assess the diagnostic performance of 
identified predictors. Estimated odds ratios and their 95% 
confidence intervals were determined with the maximum like­
lihood method, and the probability of respiratory failure was 
estimated for each combination of predictors.

Since time to surgery was not allocated randomly, po­
tential selection bias was adjusted for by developing a propen­
sity score' 8 for a time to surgery of less than forty-eight hours. 
Multiple logistic regression with stepwise selection was then 
used to select variables associated with time to surgery. To im ­
prove data match, variables that were removed (because they 
were not significant) in the stepwise procedure but were clini­
cally relevant to surgical timing were added back to derive a 
nonparsimonious model. A propensity score was determined 
for a time to surgery of less than forty-eight hours for each pa­
tient by using maximum likelihood logistic regression with 
the selected variables. The greedy match algorithm0 was used 
to match patients who had undergone surgery less than forty- 
eight hours after admission (early) with those who had under­
gone surgery more than forty-eight hours after admission 
(late). Several variations of this algorithm were attempted, and 
the one that performed best was chosen. Specifically, we at­
tempted to match a propensity score for each patient who had 
undergone early surgery to a propensity score that was identi­
cal to six digits for a patient who had undergone late surgery. 
If this could not be done, we attempted a five, four, three, two, 
or one-digit match. Patients who could not be matched by 
these criteria were excluded. Logistic regression with stepwise 
selection was then performed on the matched set, thereby ad­
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justing for confounding (potential selection bias).

Results
D uring the nineteen-year period, 4901 patients with tho­

racic and lumbar fractures were identified in the trauma 
registry, and 1209 of these patients had undergone surgical 
stabilization. The age, date and time of admission to the emer­
gency department, procedure code, and diagnostic code had 
been recorded for all patients. The time of the procedure was 
not recorded for 166 patients, 112 of whom were treated be­
fore January 1989, when procedure times were not routinely 
recorded. These 166 patients were excluded. Two patients who 
did not have an ISS recorded and nine patients who did not 
have a GCS recorded were excluded as well. Thus, a total of 
177 patients were excluded, and the remaining 1032 patients 
formed the basis of the study. For eight patients, the recorded 
admission time was after the time that the surgery started, 
with time differences ranging from 1.25 to 12.37 hours. It was 
assumed that the admission was administratively recorded af­
ter the surgery had started for these patients. For the purposes 
of the study, the time to surgery was considered to be day 1 of 
the hospitalization for those patients.

Seventy-nine patients were identified as having coexisting 
medical conditions. A modified Charlson Comorbidity Index 
Score was calculated for each patient"' ". The spinal level of in­
jury (thoracic or lumbar) and the presence of a neurological 
deficit were determined according to the ICD-9-CM diagnostic 
code that had been entered into the database. Six hundred and 
nine patients (59%) had thoracic levels of in jury and 423 (41%) 
had lumbar levels of in jury. Three hundred and fifteen patients

TABLE 1 Comparison of Risk Factors Between Patients in Whom Respiratory Failure Developed and Those in Whom It Did Not

Risk Factors
Respiratory 

Failure* (N = 140)
No Respiratory 

Failure* (N = 892) P Value

Patient
Age (yr) 42.9 ± 17.9 33.5 ± 14.6 <0.0001

Injury
ISS (points) 30.2 ± 12.4 19.4 ± 9.6 <0.0001
GCS (points) 8.23 ± 5.4 13.54 ± 3.5 <0.0001
Pneumothorax 37 (26.4%) 69 (7.7%) <0.0001
Lung contusion 43 (30.7%) 61 (6.8%) <0.0001
Thoracic injury 99 (70.7%) 510 (57.2%) 0.0025
Neurological deficit 51 (36.4%) 264 (29.6%) 0.102

Comorbidity
Charlson Comorbidity Index Score (points) 0.22 ± 0.52 0.08 ± 0.36 <0.0001
Chronic smoking 7 (5.0%) 56 (6.3%) 0.56

Treatment
Time to surgery (hr) 132.4 ± 144.5 59.7 ±87.9 <0.0001
Posterior surgical approach 136 (97.1%) 812 (91.0%) 0.014

*The values are given as the mean and the standard deviation for continuous variables and as the number of patients, with the percentage
in parentheses, for categorical variables. The continuous variables were analyzed with use of the two-sample Student t test, and the categor-

| ical variables were analyzed with use of the chi-square test.
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(31%) had a neurological deficit. The surgical approach was de­
termined from the ICD-9-CM procedure code. When a patient 
had undergone combined approaches, the surgical approach 
was considered to be the one used for the primary procedure. 
Sixty-seven patients underwent both anterior and posterior sur­
gical approaches. Fifty of them had had the posterior surgery 
initially and a subsequent anterior approach from zero to 221 
days later. Seventeen patients had had the anterior surgery ini­
tially and subsequent posterior surgery from zero to 205 days 
later. In total, eighty-four patients (8%) were considered to be 
have undergone an anterior surgical approach and 948 (92%), a 
posterior surgical approach. There were sixty-three chronic 
smokers. One hundred and four patients had a pulmonary con­
tusion, and 106 had a pneumothorax. Forty-nine patients were 
identified as having acute lung injury and ninety-one, as having 
adult respiratory distress syndrome; thus, a total of 140 patients 
had respiratory failure.

An increased tim e to surgery correlated significantly 
(p < 0.001) but not strongly with the Charlson Comorbidity 
Index Score (r = 0.13), AIS head score (r = 0.23), AIS chest 
score (r = 0.03), ISS (r = 0.18), GCS (r = -0.28), age (r = 0.13), 
and blunt lung injury (r = 0.16), indicating a tendency for sur­
gical delay in some patients. Also, there were significant 
changes from 1989 to 2004. As only four patients were en­
rolled in 2004, that year was excluded from the trend analysis. 
The number of patients enrolled each year increased from 
thirty-one in 1989 to eighty-sLx in 2003 (r = 0.84, p < 0.0001). 
The mean time to the operation decreased significantly from 
four to two days (r = -0.56, p = 0.03). There was a significant 
increase (r = 0.82, p = 0.0002) in the incidence of adult respi­
ratory distress syndrome, from 6% to 13%. The increase in 
adult respiratory distress syndrome was associated with a sig­

nificant increase in the ISS (r = 0.62, p = 0.0126) and a signifi­
cant decrease in the GCS (r = -0.79, p = 0.0004). Therefore, 
over the fourteen-year period covered by this study a greater 
number of patients were operated on each year and the inci­
dence of adult respiratory distress syndrome increased as the 
severity of the injuries apparently increased.

The incidence of respiratory failure versus the time to 
surgery was determined (Fig. 1). No significant difference in the 
incidence of respiratory failure was detected between day 1 and 
day 2 (p = 0.32), whereas a marginal increase was detected be­
tween day 2 and day 3 (p = 0.05). There was a significant differ­
ence in the incidence of respiratory failure between day <2 and 
day >2 (p < 0.0001), indicating that a delay in surgery of more 
than two days significantly increased the chance of respiratory 
failure. Patients with respiratory failure differed significantly 
from those without respiratory failure (p < 0.05) with regard to 
age, ISS, incidence of pneumothorax, incidence of pulmonary 
contusion, Charlson Comorbidity Index Score, level of spinal 
injury (thoracic versus lumbar), surgical approach (anterior 
versus posterior), GCS, and time to surgery (in hours) (Table I). 
All of the five AIS scores except the AIS abdomen score (p = 0.8) 
were significantly associated with respiratory failure (p < 0.05). 
Respiratory failure was positively correlated with both duration 
of hospitalization (r = 0.47, p < 0.0001) and duration of the stay 
in the intensive care unit (r = 0.60, p < 0.0001). There were 
twenty-three deaths during hospitalization, and death during 
hospitalization was positively correlated with respiratory failure 
(r = 0.2, p <  0.0001).

We identified five important predictors of respiratory 
failure (Table II): age, ISS, GCS, blunt lung injury, and time to 
surgery. The ISS was dropped from the model, on the basis of 
both practical and statistical considerations, in order to derive
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TABLE II Significant Predictors of Respiratory Failure Determined by Logistic Regression with Stepwise Selection

Multivariate Regression Odds Ratio 95% Wald
Predictor Coefficient P Value Point Estimate Confidence Interval

Intercept -4.2 <0.0001

Age >35 yr 0.8 <0.0001 2.3 1.5-3.6

ISS >25 points 0.8 0.0003 2.2 1.4-3.4

GCS <12 points 1.6 <0.0001 4.9 3.1-7.6

Blunt lung injury 1.1 <0.0001 3.0 2.0-4.7

Time to surgery >2 days 1.1 <0.0001 2.9 1.9-4.4

a more parsimonious model. The ISS is typically formally cal­
culated, for entry into the trauma registry at the conclusion of 
the hospitalization and not during the initial clinical evalua­
tion. Furthermore, the regression coefficient and p value for 
the logistic regression with stepwise selection indicated that 
the ISS is the least predictive variable among the significant 
predictors. The Hosmer-Lemeshow goodness-of-fit test re­
vealed no significant departure from good model fit for the 
model with (p = 0.20) or without (p = 0.22) the ISS. The area 
under the receiver operator characteristic curve was 0.86 for 
the model with the ISS and 0.85 for the model without the ISS 
(Fig. 2), indicating that the model had a good diagnostic per­
formance with and without the ISS.

The model without the ISS was used to construct an al­
gorithm to determine the predicted probability of respiratory 
failure based on sixteen possible combinations of the four pre­
dictors. This algorithm correlated the relative risk of delaying 
surgical stabilization for more than two days with risk factors 
determined at the time of the initial evaluation (Table III).

Propensity analysis yielded a model with a modest ability 
to differentiate early from late surgery (Hosmer-Lemeshow 
goodness-of-fit test = 0.4, concordance index = 0.73). Propen­
sity scores, which reflect the probability that a patient would re­

ceive early surgery ranged from 0.08 to 0.91. It was determined 
that the greedy four to one-digit-match algorithm performed 
best for matching patients who had undergone early surgery 
with those who had undergone late surgery. With use of this al­
gorithm, 301 patients who had undergone surgery within forty- 
eight hours after admission were matched with 301 patients 
who had undergone surgery more than forty-eight hours af­
ter admission. Univariate analysis revealed no significant dif­
ferences between the propensity matched patients (n = 602) 
with regard to any of the variables (all p > 0.1). Logistic re­
gression with stepwise selection of this matched cohort con­
firmed the findings of the multivariate analysis o f the entire 
cohort o f 1032 patients (Table IV). The prediction model 
based on the matched cohort was only slightly degraded (area 
under the receiver operator characteristic curve = 0.826, Hosmer- 
Lemeshow goodness-of-fit test = 0.14) com pared w ith the 
model based on the entire (unmatched) cohort of 1032 pa­
tients (area under the receiver operator characteristic curve =
0.85, Hosmer-Lemeshow goodness-of-fit test = 0.28).

Discussion
I nitial stabilization of long-bone fractures in multiply in­

jured patients is now the preferred course of action in many

TABLE III Distribution of Predictors Present at Initial Evaluation and Simplified Algorithm for Predicting Probability of 
Respiratory Failure Depending on Surgical Timing

Predicted Probability of 
Respiratory Failure (Relative Risk*)

Surgery <2 Days Surgery >2 Days
GCS <12 Points Age >35 Yr Blunt Lung Injury after Admission after Admission

No No No 0.021 (1) 0.062 (3.0)

No Yes No 0.048 (2.3) 0.13 (6.2)

No No Yes 0.072 (3.4) 0.19(9.0)

Yes No No 0.11 (5.2) 0.28 (13.3)

No Yes Yes 0.15(7.1) 0.36 (17.1)

Yes Yes No 0.23 (11.0) 0.47 (22.4)

Yes No Yes 0.31 (14.8) 0.58 (27.6)

Yes Yes Yes 0.51 (24.3) 0.76 (36.2)

*Risk relative to probability of respiratory failure in the absence of any identified risk factors is given in parentheses.
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traum a centers. Prior to the 1970s, however, the prevailing 
thought was that early fracture manipulation and stabilization 
predisposed patients to respiratory deterioration, and the 
accepted treatment of these injuries was balanced skeletal 
traction during the acute period and a delay in long-bone sta­
bilization until ten days to two weeks after the injury'2 '1. In the 
late 1960s, the wisdom of this approach began to be ques­
tioned and, in the early 1970s, the first reports of early long- 
bone stabilization in multiply injured patients from centers in 
Europe were published'4'5. These studies demonstrated that 
early mobilization decreases complications of recumbency, in­
cluding respiratory deterioration, thromboembolic disease, 
skin breakdown, and disuse atrophy. Early operative stabiliza­
tion of long-bone fractures, however, continued to be viewed 
with skepticism by many in the United States"1.

Treatment in the United States began to change in 1985, 
when Johnson et a l, in a retrospective study of 132 multiply 
injured patients with a femoral fracture, reported that surgical 
stabilization less than forty-eight hours after the injury de­
creased the incidence of pulmonary complications' . Bone et 
al. subsequently conducted a randomized, prospective study 
of 178 patients in whom a femoral fracture was treated either 
within twenty-four hours (early stabilization) or after forty- 
eight hours (late stabilization)'8. Patients who underwent late 
stabilization were found to have a higher incidence of pulm o­
nary complications (pneumonia and adult respiratory dis­
tress syndrome) and had a longer stay in the intensive care 
unit and in the hospital. Several other studies'0 2' confirmed 
the benefits o f early long-bone stabilization, and its role in the 
care of multiply injured patients became widely accepted.

The utility of surgical stabilization of spinal column inju­
ries continues to be controversial with regard to its effect both 
on neurological outcome and on the prevention of complica­
tions of recumbency. It is recognized that the neurological sta­
tus associated with most incomplete injuries will improve with 
either operative or nonoperative care. The ability of surgical de­
compression to potentiate this improvement is unclear, with 
some studies of patients demonstrating an apparent improve­
ment in neurological status following surgical decompression 
and stabilization22 25 and others showing no improvement26"28. In 
addition to the lack of convincing evidence of functional im­
provement following operative treatment, advocates of nonop­
erative care have argued that aggressive nonoperative care with 
rotating beds and thromboprophylaxis yields similar or even
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lower morbidity than surgical stabilization20"1'. To our knowl­
edge, the largest study supporting nonoperative care with rotat­
ing beds was a retrospective review of 235 patients by Rechtine 
et al.32. One hundred and seventeen patients were treated with 
surgical stabilization, and 118 underwent nonoperative care on 
a kinetic bed for six weeks. There were no significant differences 
in the incidence of decubitus ulcers, thromboembolic disease, 
or mortality between the two groups. The surgical group had an 
8% incidence of deep infection. Pneumonia developed in only 
three patients in each group. Forty-eight percent of the surgi­
cally treated patients and 56% of the nonoperatively treated pa­
tients were noted to have multiple traumatic injuries, although 
this was not quantitated with use of the ISS or other means and 
the severity and extent o f the other injuries were not reported.

In our current study of a large cohort of patients who 
had been treated surgically for thoracic and lumbar fractures, 
multivariate analysis showed operative stabilization of more 
than two days after admission to be an independent risk factor 
for the development of respiratory deterioration. This is espe­
cially clinically relevant because the other independent risk 
factors identified in our study— i.e., the GCS, the ISS, age, and 
blunt chest traum a— are all determined by the circumstances 
of the injury and are not clinically alterable per se. These other 
risk factors correlate with the patient’s status at the initial eval­
uation in the emergency room, however, and may be useful 
for clinical decision-making. Specifically, a GCS of <12 points 
indicates the presence of at least a moderate head injury, and 
an ISS of >25 points correlates in general terms with more 
severe trauma. These indices possibly also correlate with the 
magnitude of the inflammatory process that may mediate 
acute lung injury and adult respiratory distress syndrome 
both in multiply injured patients33,34 and in patients with an 
isolated traumatic brain injury15. Other studies have also 
shown the ISS, the GCS, age, and blunt chest traum a to be risk 
factors for respiratory failure in multiply injured patients11’"10.

Since surgical timing may be partly under the control of 
the treating physician, an algorithm to determine the relative 
risk of delaying operative stabilization in patients with unsta­
ble thoracic and lumbar spine fractures was developed. This 
algorithm predicts that a surgical delay of more than two days 
results in an increase in the relative risk of respiratory failure 
ranging from threefold for patients who are less than thirty- 
five years old and have minimal head traum a and no blunt 
chest injury to more than thirty-sixfold for patients who are

TABLE IV Multivariate Analysis of Patients Matched by Propensity Scores

Variable P Value
Odds Ratio 

Point Estimate
95% Wald 

Confidence Limits

Age 0.0002 2.8 1.7-4.9

ISS 0.0013 2.4 1.4-4.2

GCS <0.0001 4.6 2.6-8.0

Blunt chest injury 0.0005 2.7 1.5-4.7

Time to surgery <0.0006 2.5 1.5-4.3
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more than thirty-five years old and have serious head trauma 
and a blunt chest injury The obvious question is whether sur­
gery was delayed a priori for patients with serious head and/or 
chest injuries. Pearson correlation analysis demonstrated that 
surgical delay had a modest correlation with the AIS head 
score and the GCS and lesser correlations with blunt lung in­
jury, age, the ISS, the AIS chest score, and the Charlson Co­
morbidity Index Score. In spite of these correlations, however, 
surgical delay was found to be an independent risk factor for 
respiratory failure in a multivariate analysis of the cohort 
matched by propensity analysis. The surgical approach, an­
other variable that depends on clinical decision-making, was 
not an independent risk factor for respiratory failure in our 
population. The large predominance of posterior surgery 
(92%) in this series of patients reflects an institutional bias, 
and it is possible that the surgical approach would be dem on­
strated to be an independent risk factor in a population with a 
more equitable distribution of surgical approaches.

This study has several weaknesses. Limitations of the data 
collected in the trauma registry prevented examination of other 
factors that are known to influence the risk of respiratory fail­
ure, such as a history of blood transfusion, hypotension at the 
time of the initial presentation, and metabolic acidosis. In addi­
tion, the time to surgery was determined from the time of ad­
mission, not the time of injury, because the time of injury is 
frequently not recorded in the trauma registry. Finally, clinical 
interventions such as the use of rotating beds could not be eval­
uated. We share the concerns that many have expressed about 
the quality of data in a large administrative database and its ade­
quacy for use in an outcomes study. Some variables, such as age, 
the ISS, the types of traumatic injuries, and the types of surgical 
procedures, are mandatory entries into the trauma registry 
(which is audited on a quarterly basis at the state registry level) 
and therefore their documentation is presumably more accurate 
than entries such as comorbidities and smoking history, which 
are not directly trauma-related. Medical comorbidities and 
smoking history were, most likely, largely underreported in our 
database, and this limited our analysis of these variables. In par­
ticular, the 6.1% incidence of smoking identified in our cohort 
of patients is far below the current incidence of smokers in the 
United States population, which is 22.5%'“'.

Within the limitations of this study, it appears that the in-
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