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AbstrAct 
background Patients with trauma have a high 
predisposition for readmission after discharge. 
Unplanned solicitation of medical services is a 
validated quality of care indicator and is associated 
with considerable economic costs. While the existing 
literature emphasizes the severity of the injury, there 
is heterogeneity in defining preinjury health status. 
We evaluate the validity of the American Society of 
Anesthesiologists (ASA) Physical Status score as an 
independent predictor of readmission and compare it to 
the Charlson Comorbidity Index (CCI).
Methods This is a single center, retrospective cohort 
study based on adult patients (>18 years of age) with 
trauma admitted to the Ottawa Hospital from January 
1, 2004 to November 1, 2014. A multivariate logistic 
regression model is used to control for confounding and 
assess individual predictors. Outcome is readmission to 
hospital within 30 days, 3 months and 6 months.
results A total of 4732 adult patients were included in 
this analysis. Readmission rates were 6.5%, 9.6% and 
11.8% for 30 days, 3 months and 6 months, respectively. 
Higher preinjury ASA scores demonstrated significantly 
increased risk of readmission across all levels in a dose-
dependent manner for all time frames. The effect of 
preinjury ASA scores on readmission is most striking at 
30 days, with patients demonstrating a 2.81 (1.88–4.22, 
P<0.0001), 3.59 (2.43–5.32, P<0.0001) and 7.52 
(4.72–11.99, P<0.0001) fold odds of readmission 
for ASA class 2, 3 and 4, respectively, as compared 
with healthy ASA class 1 patients. The ASA scores 
outperformed the CCI at 30 days and 3 months.
conclusions The preinjury ASA score is a strong 
independent predictor of readmission after traumatic 
injury. In comparison to the CCI, the preinjury ASA score 
was a better predictor of readmission at 3 and 6 months 
after a major traumatic injury.
Level of Evidence Prognostic and Epidemiological 
Study, Level III.

bAckground
The patient with trauma presents uniquely complex 
care needs due to the notable prevalence of mental 
illness, low socioeconomic status and high rates 
of recidivism and readmission.1 2 As a result, these 
patients often face higher rates of major compli-
cation as compared with general surgical patients, 
which in turn leads to considerable economic 
burden on the healthcare system.3 The WHO asso-
ciates repeated, unplanned solicitation of health-
care services with poor care or lack of coordination 
of services.4 Thus, the ability to identify patients at 

higher risk for a difficult postdischarge course may 
allow for more appropriate pre-emptive action. A 
number of studies have previously evaluated predic-
tors of hospital readmission or re-presentations to 
the emergency department (ED) after a traumatic 
injury.5–9 These factors include age, race, socioeco-
nomic status, insurance status, existing medical 
comorbidity, hospital length of stay and discharge 
disposition.

Much of the existing prediction modeling work 
in trauma focuses on the injury characteristics and 
much less so on the patient’s baseline health. The 
need to characterize the patient’s premorbid status 
has been stressed by various authors in the field.10 11 
However, the methodology for defining comorbidity 
continues to be highly variable. Several approaches 
have been described: the presence of major comor-
bidities (chronic obstructive pulmonary disease or 
diabetes mellitus),7 number of comorbidities6 or 
a global score such as the Charlson Comorbidity 
Index (CCI)8 or the American Society of Anesthesi-
ologists (ASA) Physical Status classification.12

While the literature has focused on injury factors 
and early in-hospital outcomes, there remains a 
need for early identification of patients at risk for 
adverse outcomes postdischarge. Therefore, we 
aim to evaluate the preinjury ASA score as an inde-
pendent predictor of readmission after a traumatic 
injury and compare it to the CCI. To our knowl-
edge, there are no studies that have addressed this 
relationship in the general trauma population.

PAtiEnts And MEthods
Population
This is a single center, retrospective cohort study 
based on the Ottawa Hospital Trauma Registry 
database. The Ottawa Hospital (TOH) is a Level 
1 Trauma Center and designated as regional adult 
trauma site for Eastern Ontario in Canada. Registry 
data are inputted on a daily basis by a dedicated 
trauma analyst based on a standardized coding 
protocol implemented province wide as dictated 
by the Ontario Trauma Advisory Committee. 
Criteria for inclusion into the database are defined 
by major traumatic injury requiring trauma code 
activation or an Injury Severity Score (ISS) greater 
than or equal to 12. Criteria for local trauma code 
activation rely on standards dictated by the 2014 
Resources for Optimal Care of the Injured Patient.13 
To limit outcome classification bias for patients 
presenting back to peripheral hospitals, we used 
residential postal code classifications to include 
only patients living within 100 km of TOH. Given 
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our regionalized exclusive trauma system, a relationship exists 
with surrounding facilities to allow for repatriation of patients 
requiring readmission back to our hospital, thus improving data 
capture.

definition of predictor and outcome variables
The preinjury ASA score was calculated by the study authors 
for each patient using a standard protocol to review the clinical 
documentation available within the medical records at the time 
of injury. Scoring was based on the ASA classification system 
presented in the online supplementary figure 1. Any uncertainty 
regarding scoring was reviewed by a senior author. Previous 
work by Ringdal et al supports the reliability of the preinjury 
ASA scale in classifying comorbidity for patients with trauma.10 
The CCI was captured from the Ottawa Hospital Data Ware-
house, a calculation based on a standard 5-year look back of 
existing medical conditions.

We used an a priori, literature and hypothesis-driven approach 
to identify potential confounding predictors including age, sex, 
ISS, mechanism of injury, hospital length of stay, need for oper-
ative intervention and disposition on discharge. The outcomes 
of interest were defined as any readmission within 30 days, 3 
months or 6 months to the Ottawa Hospital.

statistical analysis
Preliminary analyses were performed using Χ2 tests for categor-
ical variables and t-tests for continuous variables. The contin-
uous variables did not meet the linearity assumption and as such 
were recoded to categorical variables based on stratification 
limits previously illustrated within the literature. We assessed 
for multicollinearity using variance inflation factors, and vari-
ables involved in collinear relationships were excluded based 
on clinical importance. In accordance with the methodology 
outlined by the Prognosis Research Strategy guidelines for 
prediction modeling, we attempted to minimize data-driven bias 
by avoiding bivariable association testing methods for variable 
selection.14 Instead, a clinical hypothesis-driven approach was 
used in order for a priori inclusion of all variables in the multi-
variate logistic regression models for readmission status at 30 
days, 3 months or 6 months. We ensured that the recommended 
sample size threshold of at least 10 events per predictor was 
met. These considerations minimize the effects of small datasets 
and results in better model performance at the time of external 
validation.15 The preinjury ASA score was compared with the 
CCI using receiver operating curve analyses. All analyses were 
completed using the SAS V.9.4 statistical software.

rEsuLts
We reviewed 5803 patient records during a 10-year period from 
January 2004 to November 2014. Following geographical exclu-
sion, we included a total of 4732 adult patients, aged 18 years 
or older, in our analysis. Readmission rates were 6.5%, 9.6% 
and 11.8% for 30 days, 3 months and 6 months, respectively. 
The median (IQR) time to readmission was 26.2 (8.4–74.0) 
days. In  online supplementary table 1, we present the charac-
teristics for patients classified as readmission and non-readmis-
sion based on preliminary Χ2 analyses not adjusted for potential 
confounding. We note a significant relationship for preinjury 
ASA scores across all levels for prediction of readmission at 30 
days, 3 months and 6 months.

In online supplementary table 2, we present the rates of read-
mission associated with preinjury ASA levels, noting a trend of 

increasing risk with higher scores, consistent across all readmis-
sion time frames.

In  online supplementary table 3, we present the results of 
our multivariate logistic regression models. We note that higher 
preinjury ASA scores demonstrated significantly increased risk of 
readmission across all levels in a dose-dependent manner for all 
time frames. The effect of preinjury ASA scores on readmission 
is most striking at 30 days, with patients demonstrating a 2.81-
fold (1.88–4.22, P<0.0001), 3.59-fold (2.43–5.32, P<0.0001) 
and 7.52-fold (4.72–11.99, P<0.0001)odds of readmission for 
ASA class 2, 3 and 4, respectively, as compared with healthy ASA 
class 1 patients. This effect persists significantly at 3 months and 
6 months as well. Discharge to home with supportive care was a 
significant risk factor whereas discharge to another medical care 
facility was a significant protective factor for all time frames. 
Need for multiple operations was a significant predictor at 30 
days but not beyond that time frame. Older age was not a signif-
icant predictor of readmission at 30 days but was significant at 3 
months and 6 months.

In online supplementary table 4, we present the reasons for 
readmission for each time frame. Consequences of neurotrauma 
was the most common reason (27.0%) for readmission within 
30 days, but this effect appeared to wane over time. In contrast, 
we note that medical reasons not related to the original trau-
matic injury accounted for 21.8% of 30-day readmissions and 
increased to 36.0% of readmissions by 6 months. We note that 
rates of repeat injury were quite modest accounting for 1.0%, 
3.3% and 5.4% of readmissions at 30 days, 3 months and 6 
months, respectively.

In online supplementary table 5, we present the results of the 
receiver operating curve comparison between the ASA score and 
the CCI for prediction of readmission at 30 days, 3 months and 
6 months. The prenjury ASA score significantly outperformed 
the CCI at 30 days and 3 months, though no significant differ-
ence was demonstrated at 6 months. We additionally note that 
at a score cut-off of 2 or higher, the ASA score demonstrated 
84.4% sensitivity and 32.8% specificity. At a score cut-off of 
3 or higher, the ASA score had 63.0% sensitivity and 56.0% 
specificity.

discussion
In our single center, retrospective study, we have observed that 
preinjury ASA score was a significant predictor of readmission 
after a traumatic injury at 30 days, 3 months and 6 months after 
discharge. Our multivariate regression analysis demonstrates 
that patients with higher ASA classification had higher odds of 
readmission postdischarge with the effect most prominent at 
30 days but persisting well into 6 months. In addition, the ASA 
score outperformed the CCI for prediction of readmission at 
30 days and 3 months with no difference noted at 6 months. 
Our readmission rates of 6.5%, 9.6% and 11.8% at 30 days, 
3 months and 6 months, respectively, are comparable to those 
presented by Moore et al (5.9%, 10.9% and 15.5%).6

To our knowledge, this is the first study to demonstrate the 
relationship between preinjury ASA scores and the risk for 
readmission in the general trauma population. This illustrates 
the importance of capturing and qualifying pre-existing comor-
bidity in patients with trauma to better predict postdischarge 
outcomes. The methodology for characterizing baseline health 
has been highly variable in the literature, and thus the ubiquitous 
use of a simple, global score would add greatly to the existing 
prediction modeling work in trauma.
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The CCI is composed of the weighted contributions of various 
comorbidity categories based on the International Classification 
of Diseases diagnostic codes available in administrative data-
bases.16 It was initially developed to predict 1-year mortality 
from comorbid illness and is now applied in prognostic models 
for a variety of illnesses. While the CCI has been studied and 
validated at an administrative data level as a prognostic indicator 
for patients with head and neck cancer,17 prostate cancer18 and 
lung cancer,19 the complexity of its collection and calculation 
does not allow for bedside application.

Conversely, the ASA classification score has been shown to be 
a reliable and acceptable predictor of comorbidity and mortality 
after operation.12 In addition, a study comparing the two comor-
bidity indices for patients with orthopedic compression fractures 
demonstrated that ASA score outperformed CCI as a predictor 
for mortality in the surgical population, whereas the CCI outper-
formed the ASA score in the non-surgical population.20 Our find-
ings in this study are similar, noting that the ASA score was a 
better predictor of readmission at 30 days and 3 months after a 
major traumatic injury than the CCI. This suggests that the ASA 
score may be a more appropriately weighted measure of comor-
bidity when assessing impact on acute illness. Furthermore, the 
preinjury ASA score was found to be an independent predictor 
of mortality and the strongest predictor of 30-day readmission 
for patients with orthopedic trauma.21

While we note that the postdischarge outcome literature has 
traditionally focused on a 30-day window, the recent work by 
Moore et al has demonstrated that unplanned readmissions 
persist well past this point.6 Therefore, we sought to completely 
capture the course of recovery of the patient with trauma by 
studying a more inclusive outpatient period. As we observe a 
period further away from the time of injury, we expectantly find 
that predictors related to the patient’s injury (ISS, mechanism of 
injury, need for operation) become less significant and predictors 
more reflective of a patient’s baseline health status (age, prein-
jury ASA) become more so.

In the early postdischarge period, previous studies suggest 
that wound complications, non-wound infection, repeat injury, 
uncontrolled pain are the most common causes of readmission.22 
However, the proportion of readmissions directly related to the 
index injury appears to decrease over time. Moore et al demon-
strate that only 23.5% and 30.5% of readmissions beyond 3 
months for patients aged <65 and >65 years, respectively, were 
due to complications of the injury.6 In our study, we similarly find 
that medical reasons, unrelated to the index injury, increase over 
time and account for almost 40% of readmissions at 6 months.

The implications of these results should be considered as an 
interesting parallel to the existing work on posthip fracture 
mortality. It has been demonstrated in multiple studies that 
despite adjustment for age and comorbid health status, occur-
rence of a hip fracture leads to independently increased risk of 
short-term and long-term mortality.23 It is hypothesized that the 
injury either signals or results in a gradual functional decline 
which ‘could result from a lack of mobility and a loss of strength 
leading to an increase in disability and its associated health 
consequences’.23 Similarly, it is well known that major trauma or 
critical illness is followed by a hypercatabolic state which leads 
to profound weight loss, skeletal muscle loss and functional 
decline.24 Therefore, patients with a poor baseline state of health 
may be more vulnerable to the functional consequences after a 
traumatic injury and not necessarily a direct complication of the 
injury itself.

As we approach a time where hospital remuneration depends 
on outcome measures, the traumatologist must exhibit a high 

degree of caution when treating elderly, comorbid patients as 
their baseline health status may perhaps be more influential 
than the actual injury characteristics in determining unplanned 
solicitation of healthcare resources. This information can also 
be used to adjust remuneration, reflecting patients’ baseline 
complexity and need for a higher level of care. Furthermore, 
in our efforts to ensure the best care for our patients, high-
risk individuals should be identified early on in their clinical 
course and proactive efforts should be undertaken to provide 
the appropriate in-hospital supports needed to allow for smooth 
and seamless transitions postdischarge. In our own institution, 
we intend to incorporate the preinjury ASA score as a simple 
screening tool when admitting patients with trauma.25 Patients 
that are deemed high risk for readmission would be flagged for 
early nurse practitioner assessment to analyze appropriateness 
for multidisciplinary involvement and complex discharge plan-
ning. Within our local cohort, a preinjury ASA score cut-off of 3 
or higher would have flagged 63.0% of the 30-day readmissions. 
Successful intervention on even a fraction of these patients offers 
the potential for significant improvement in quality of care and 
reduction in unplanned resource utilization.

Our findings may be limited by the following considerations. 
While our logistic regression models were sufficiently powered 
to assess our primary predictor of interest, we note the limitation 
of sample size for evaluating other confounding predictors. Vari-
ables such as ISS, length of stay and mechanism of injury have 
been shown to be significant predictors in large cohort studies 
and have thus been retained in our clinically derived model. In 
addition, there is certainly the potential for residual confounding 
bias related to variables we were unable to procure within this 
study such as need for intensive care unit admission or mechan-
ical ventilation.

Previous works have noted that 34.5% of readmissions and 
25% of ED re-presentations were to hospitals other than that 
from their index admission,6 which illustrates the challenge of 
capturing the entirety of postdischarge outcomes in patients with 
trauma. Therefore, we sought to minimize this potential misclas-
sification bias by restricting our patient population to those living 
within 100 km of our trauma center. In addition, our exclusive 
trauma system for repatriation would allow for more compre-
hensive capture of patients presenting to surrounding facilities.

concLusion
The standardized and appropriate classification of baseline 
comorbidity is important to identify patients most at risk of post-
discharge adverse outcomes after a traumatic injury, especially 
in the long term. In this study, we demonstrate that preinjury 
ASA score is a strong independent predictor of hospital read-
mission at 30 days, 3 months and 6 months postdischarge. In 
comparison to the CCI, the preinjury ASA score was a better 
predictor of readmission at 30 days and 3 months after a major 
traumatic injury. In addition, it is a user friendly, easily applicable 
evaluation that can be performed at the bedside and the existing 
literature demonstrates strong reliability in evaluating patients 
with trauma.
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