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Abstract

BACKGROUND: Hospital readmission is a significant contributor to increasing health care use
related to caring for older trauma patients. This study was undertaken with the following aims:
determine the proportion of older adult trauma patients who experience unplanned readmission, as
well as risk factors for these readmissions and identify the most common readmission diagnoses
among these patients.

STUDY DESIGN: We conducted a retrospective cohort study of trauma patients age 55 years
and older who survived their hospitalization at a statewide trauma center between 2009 and

2010. Linking 3 statewide databases, nonelective readmission rates were calculated for 30 days, 6
months, and 1 year after index discharge. Competing risk regression was used to determine risk
factors for readmission and account for the competing risk of dying without first being readmitted.
Subhazard ratios (SHR) are reported, indicating the relative risk of readmission by 30 days, 6
months, and 1 year.
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RESULTS: The cumulative readmission rates for the 14,536 participants were 7.9%, 18.9%, and
25.2% at 30 days, 6 months, and 1 year, respectively. In multivariable models, the strongest risk
factors for readmission at 1 year (based on magnitude of SHR) were severe head injury (adjusted
SHR = 1.47; 95% ClI, 1.24-1.73) and disposition to a skilled nursing facility (SHR = 1.54; 95%
Cl, 1.39-1.71). The diagnoses most commonly associated with readmission were atrial fibrillation,
anemia, and congestive heart failure.

CONCLUSIONS: In this statewide study, unplanned readmissions after older adult trauma
occurred frequently up to 1 year after discharge, particularly for patients who sustained severe
head trauma and who could not be discharged home independently. Examining common
readmission diagnoses might inform the development of interventions to prevent unplanned
readmissions.

The US population is aging, with the elderly increasing both in absolute number and as

a proportion of the total population. Elderly patients are over-represented in the trauma
population. In Washington State, the annual number of patients aged 65 and older in the
state trauma registry has increased from 4,266 in 2000 to 11,226 in 2012, corresponding
to an increase in the percentage of the population that sustains trauma from 30% to 42%
(Washington State Department of Health, unpublished data). In contrast, in 2013, persons
aged 65 and older made up only 13.6% of the overall state population.!

Advanced age often predicts inferior outcomes after trauma, both in morbidity and
mortality.2~* Factors that might contribute to poor outcomes include comorbidities,>6
increased severity of injury,”-8 and lack of physiologic reserve.® Although the age cutoff
commonly used to define a geriatric patient is 65 years, worse outcomes after trauma have
been documented in patients starting at age 55 years.3’

Older adult trauma places a burden on the health care system that is increasingly relevant
as government and private funders recognize and attempt to curtail the increasing costs of
medical care. Hospital readmission is a substantial contributor to this financial strain,10:11
and it has also been posited as a measure of quality of care.1213 As a result of these
concerns, in 2012, the Affordable Care Act instituted the Hospital Readmissions Reduction
Program, allowing the Centers for Medicare and Medicaid Services to reduce payments to
hospitals for perceived excess readmissions. 1

Factors that contribute to readmission have been studied extensively in certain medical
populations315; however surgical patients (including trauma patients) have not received
the same level of attention.16-18 In light of the increasing demand placed on the health
care system by older adult trauma, and to inform further policy discussion, we undertook
this study with the following aims: determine the proportion of older patients who require
unplanned readmission after hospitalization for trauma, as well as risk factors for these
readmissions, and identify the most common readmission diagnoses among older patients
requiring readmission after trauma.
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Setting, participants, and data sources

This retrospective cohort study included all trauma patients aged 55 years and older who
were residents of Washington State and whose admission was captured by the Washington
State Trauma Registry between January 2009 and December 2010. The Trauma Registry

is an inclusive registry containing data from 81 designated trauma centers (Level | to

V). Submission to the registry is required for all patients who have a traumatic diagnosis
(ICD-9 diagnosis codes 800-904, 910-959, 994.1, 994.7, or 994.8) and one or more of the
following: a full or modified trauma team activation; death on arrival to the facility; death
within the facility; transfer out to another facility by Emergency Medical Services; transfer
in from another facility by Emergency Medical Services; flown directly from the scene to
the facility; all pediatric patients (aged 0 to 14 years); and all adult patients (aged 15+

years) with a facility length of stay >48 hours. Patients with isolated hip or femoral neck
fractures and patients with isolated burns were excluded from this study. Only patients who
survived their index trauma admission and were at risk for readmission were included. The
registry provided patient and injury characteristics, as well as features of the index trauma
admission. The earlier literature is not consistent with respect to the strata used for age when
examining older adult injury,®17.19 therefore, the current study used the following strata: 55
to 64, 65 to 74, 75 to 84, and 85+ years. Trauma center level was stratified as I/11 vs [HI/IV/V,
in keeping with earlier work within Washington State.?

To determine readmissions that occurred after trauma, the Trauma Registry was linked to
the Comprehensive Hospital Abstract Reporting System (CHARS), a statewide database
that contains hospital discharge information. The CHARS database includes all acute care
hospitalizations in the state, allowing capture of readmissions to hospitals other than the
index facility. As this study sought to examine both short- and long-term readmissions,
CHARS data were included through December 2011. Only the first nonelective readmission
after index trauma hospitalization was included (identified by categorization in CHARS)
to maintain a focus on unexpected rehospitalizations. Cumulative readmission rates were
then calculated for 30 days, 6 months, and 1 year after discharge from the index
hospitalization. The Comprehensive Hospital Abstract Reporting System also provided
ICD-9 diagnosis codes for the readmissions of interest. The 20 most common diagnostic
codes for readmissions during each time interval were examined and the 10 most common
are reported here.

To ensure that readmission rates were not biased by deaths that occurred after the index
trauma hospitalization, the Trauma Registry and CHARS datasets were further linked to the
Washington State Death Registry. Due to the use of competing risk analysis (see Statistical
Analysis), we were interested in deaths that occurred out of hospital, without the patient
first having been readmitted. We did not include deaths that occurred during a readmission,
or deaths that occurred out of hospital after a readmission. Therefore, at each time point,
we calculated the cumulative number of readmissions, the cumulative number of deaths that
occurred without having been readmitted to hospital, and the cumulative number of people
who survived without having been readmitted to hospital. The primary outcomes of the
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study included the cumulative percentage of patients with unplanned readmission by each
of the study time points, as well as the risk factors for unplanned readmission. Secondary
outcomes included risk factors for death without readmission. In addition, the most common
diagnoses responsible for unplanned readmissions in this population were examined.

Statistical analyses

RESULTS

The study population was described with respect to patient, injury, and index hospitalization
characteristics. To further characterize the factors associated with an increased risk of
readmission, a multivariable competing risk regression model was used. Competing risk
analysis is a type of survival analysis that statistically accounts for the presence of
competing events that preclude the future outcomes of interest.20

We suspected that out-of-hospital deaths after trauma would be relatively frequent in this
population, so we used competing risk regressions with time-specific readmissions as the
outcomes of interest, and death without earlier hospitalization as the competing event. To
further account for the suspected frequency of out-of-hospital deaths in this population, we
created a reverse model in which deaths without earlier readmission were the outcomes of
interest, and readmission was the competing event. This reverse model can be used to further
understand the factors associated with readmission. For example, patient groups who appear
to be at a low risk of readmission might appear this way because they have a high risk of
dying and, therefore, are not alive to be at risk of readmission.?!

Both multivariable competing risk models incorporated the following variables, all
determined at the time of the index hospitalization: age, sex, insurance type, Charlson
Comorbidity Index, mechanism of injury, Injury Severity Score (ISS), maximum head
Abbreviated Injury Scale (AlS) score, trauma center level, ICU admission, modified
Functional Independence Measure (FIM) score at index discharge, and discharge disposition
location. The modified FIM is a measure of functional outcomes that is a shortened version
of the original FIM. It has a range of 3 to 12, where 3 indicates complete functional
dependence and 12 indicates independence.22:23 Approximately 11% of values for the
modified FIM were missing and were therefore imputed before regression using the method
of chained equations with a total of 5 imputations.2425> Competing risk regression reports
subhazard ratios (SHR), which in this study indicate the relative risk of readmission between
groups at any moment in the specified time period. An SHR of 1 indicates that there is no
difference in risk of readmission between groups. All statistical analyses were performed
using Stata version 12.0 (Stata Corp). Statistical significance for an SHR was defined as

the 95% CI of the SHR, excluding 1.0. The study was performed with approval from the
Washington State IRB.

In 2009-2010, there were 31,071 adult patients captured by the Trauma Registry, of which
15,914 (51.2%) were aged 55 years and older. The 14,536 patients who survived their index
trauma hospitalization were the population of interest in this study (Fig. 1). Characteristics
of the patients, injuries, and index hospitalizations are shown in Table 1.
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At 30 days from index hospitalization discharge, 1,145 patients had already had an
unplanned readmission (7.9%), with 2,718 (18.7%) being readmitted by 6 months and 3,669
(25.2%) being readmitted by 1 year (Fig. 2).

The multivariable competing risk regression model identified several factors that placed
patients at significantly increased risk for readmission by each of the 3 study time points
(Table 2). For mechanism of injury, falls were a risk factor for readmission (30 day SHR
=1.21; 95% Cl, 1.01-1.45; 6-month SHR = 1.30; 95% ClI, 1.15-1.48; 1-year SHR =

1.29; 95% ClI, 1.16-1.43). Severe head injury (indicated by a maximum head AlS >3)

was strongly predictive of readmission at all end points (30-day SHR = 1.34; 95% Cl,
1.04-1.73; 6-month SHR = 1.41; 95% CI, 1.18-1.70; 1-year SHR = 1.47; 95% ClI, 1.24—
1.73). Likewise, admission to the ICU was a risk factor for rehospitalization, although

the magnitude of this risk decreased with time (30-day SHR = 1.32; 95% Cl, 1.11-1.58;
6-month SHR = 1.25; 95% Cl, 1.11-1.40; 1-year SHR = 1.16; 95% CI, 1.05-1.28). Patients
who had their index admission to a Level 111/IV/V trauma center were less likely to be
readmitted than those who were at Level | or 11 centers (30-day SHR = 0.78; 95% CI, 0.68—
0.89; 6-month SHR = 0.81; 95% Cl, 0.74-0.88; 1-year SHR = 0.79; 95% CI, 0.73-0.85).

Compared with being discharged home independently after the index trauma admission,
patients who were discharged home with assistance or to skilled nursing facilities (SNFs)
were more likely to be readmitted in the follow-up period, particularly those discharged
to SNFs (30-day SHR = 1.44; 95% Cl, 1.20-1.73; 6-month SHR = 1.59; 95% CI, 1.41-
1.79; 1-year SHR = 1.54; 95% ClI, 1.39-1.71). Other variables examined either did not
significantly increase or decrease the risk of readmission, or did so variably by time end
point.

With respect to the multivariable analysis of death without first having been readmitted
(readmission being the competing event), the risk factors at all 3 time end points were older
age, male sex, falls as mechanism of injury, functional impairment (modified FIM scores of
<10), and disposition to home with assistance or to rehabilitation (Table 2).

The ICD-9 diagnosis codes that were recorded for the readmissions in this study were
compiled (up to 20 per readmission), and the 3 codes that were noted most commonly

were the same for all readmission end points; atrial fibrillation, anemia (“post-hemorrhagic”
or “other/unspecified”), and congestive heart failure (“acute on chronic” or “unspecified”)
(Table 3). These diagnoses accounted for a mean of 14%, 14%, and 12% of readmission
diagnoses, respectively.

DISCUSSION

Older adult patients have a high likelihood of rehospitalization after trauma, and that risk is
maintained even a year after the index admission. This study used competing risk regression
and demonstrated that the patients with the highest risk of readmission in the year after
injury were those who had falls, those who had a severe head injury, those admitted to the
ICU on their index admission, and those who could not be discharged home independently.
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Previous studies have found that 30-day readmission rates after trauma range from 4.3% to
13.7%.17:18.26 However, only Spector and colleagues!’ focused on older adults, finding a
30-day readmission rate that was considerably higher than in the current study (13.7% vs
7.9%).17 This difference might be accounted for by the fact that their study cohort was older
(65 years and older) and therefore perhaps more prone to rehospitalization. In addition, the
most common reason for readmission in that study was surgery of the extremities, which, in
the current study would likely have been excluded by virtue of being elective. Finally, the
current study included index trauma admissions only from hospitals with a statewide trauma
center designation, and the study by Spector and colleagues included all acute care hospitals.
However, the Washington State Trauma System is unique in that the majority of acute care
facilities in the state (81 of 93) have a trauma center designation and were therefore included
in this analysis.

Discharge to an SNF was the strongest independent predictor of readmission in this study,
in terms of magnitude of SHR, which is important, considering that 46% of the patients
were discharged to an SNF. Earlier studies have shown that discharge to an SNF conveys
an increased risk of both hospital readmission and post-hospital death in all-age trauma
patients,? as well as older trauma patients.2’A possible explanation might be the differences
between patients discharged to SNF rather than home independently, particularly from a
functional standpoint, although the current study was not designed to answer this question.

Despite being developed to predict poor outcomes in terms of in-hospital mortality,28
patients with higher Injury Severity Scores (ISS) were actually less likely to be readmitted
compared with those with mild injury (1SS = 0 to 8). Other studies have similarly found
that ISS has been an inconsistent predictor of longer-term outcomes after trauma.229 On
the other hand, the apparent “protective” effect of increasing 1SS can relate to the use of

a competing risk model in a population where the proportion of patients experiencing the
competing event is high.2021 This is understood by examining the reverse competing risk
model of death without readmission. Patients with higher ISS scores were at increased
risk of out-of-hospital death, possibly nullifying any elevated risk of readmission from a
statistical standpoint.21

In a similar fashion, our multivariable model showed that patients who were considered

to be functionally severely dependent at index discharge (modified FIM scores of 3 to 7)
were significantly less likely to be readmitted than those who were completely independent
(modified FIM scores of 11 to 12). However, there was a high risk of mortality among
patients with severe functional impairment, which can be interpreted by postulating that they
were not at increased risk of being readmitted because they had such a high risk of dying
first.

Although the use of the CHARS database did not allow differentiation of the primary
diagnosis for each readmission from all other diagnoses, it is interesting to note that the most
common diagnoses were largely medical rather than surgical in nature. Similarly, Jencks and
colleagues®® found that >70% of 30-day readmissions in a mixed surgical population were
due to medical diagnoses.
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Recognizing this need for specialized care of older adults who sustain injury, several
interventions have shown benefit in improving in-hospital outcomes of injured elderly
patients. These include co-management by surgeons and geriatricians,30 as well as creation
of formal geriatric trauma consultation services.31:32 This need for focused care has also

led to the creation of geriatric trauma centers, with requirements for specialized personnel
(including full-time geriatrician coverage), practice standards for conditions common in
older populations, and close ties with post-acute care facilities.33 The ability of these efforts
to decrease unplanned readmissions has not been examined in older adult trauma patients;
however, in light of the most common readmission diagnoses in the current study, it is
possible that similar interventions would have an impact.

Additionally, given that many trauma hospitals discharge patients to a focused number of
SNFs, improving care transitions (eg, by communicating detailed care plans to providers

at the SNF) and participating in the creation of standardized levels of care quality in the
facilities to which they discharge can represent specific opportunities whereby hospitals can
reduce readmissions.

Due to current health care-related financial constraints, there is a growing focus on value-
based health care, the premise of which is to optimize health care quality and outcomes
and minimize costs. By withholding payments to hospitals for excess readmissions, the
Centers for Medicare and Medicaid Services is hoping to encourage improvements in patient
outcomes and decrease costs. The use of these financial penalties for hospitals with excess
readmissions is predicated on two assumptions: the first is that readmission is a marker of
quality of care, and the second is that hospitals have the capacity to prevent a proportion

of readmissions. Unfortunately, the association between quality of care during an index
admission and subsequent readmission is inconsistent.12:16:34.35 Similarly, the evidence for
the preventability of readmissions is also variable,38 which might partially be due to the
subjectivity that is inherent in determining preventability.3’

A strength of this study is the use of competing risk analysis, particularly given the
frequency with which death without an earlier readmission occurred. Many studies that
analyze readmissions using survival analysis techniques censor patients who die without first
having being readmitted. However, in study populations where death is relatively common,

it is more appropriately treated as a competing event (one that precludes future outcomes

of interest). Studies have shown that in some cases in which standard survival analysis is
used and competing events are not treated appropriately from a statistical standpoint, the risk
of the outcomes of interest can be considerably overestimated.2! Competing risk analysis
was chosen in this study to decrease the likelihood of overestimating the relative risk of
readmission between groups, based on the covariates of interest.

Additionally, earlier studies have shown that readmissions commonly occur at hospitals
other than the index facility,28 and the use of statewide data allowed us to capture more of
these readmissions. The detail of the CHARS database also permitted exclusion of elective
readmissions, therefore, targeting unplanned rehospitalizations.
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The study does have a number of limitations, the first of which is its retrospective nature.
This investigation captured patients who had their index trauma admission at one of the
state’s 81 designated trauma centers; however, injured patients admitted to the 12 other
acute care facilities in the state were not included. In addition, retrospective studies such
as this can be limited in their documentation of patient comorbidities, likely an important
contributor to readmission risk. This is demonstrated by the fact that the vast majority

of our older adult patients had a Charlson Comorbidity Index score of 0, indicating

no comorbidities. Additionally, the readmissions that were captured in this study did

not include visits to the emergency department, admissions under observation status, or
readmissions in other states, thereby underestimating the health care use burden. However,
study inclusion of only Washington State residents likely minimized the latter. Finally,
the CHARS database does not highlight the primary admitting diagnosis, with obvious
implications for assessing the preventability of readmissions in this study.

CONCLUSIONS

Despite the ongoing debate surrounding the quality of care implications and preventability
of excess hospital readmissions, they remain a focus for health care payers. In this study,
unplanned readmissions after trauma in older adults caused high health care use even up to

1 year after discharge, particularly for those patients who had falls, who sustained severe
head trauma, who were admitted to the ICU, and who could not be discharged home
independently. The reasons for readmission were likely multifactorial, but the commonality
of medical comorbidities as the diagnoses of admission suggests that targeting high-risk
populations with optimization of these conditions (with the assistance of geriatric specialists,
for example), as well as ensuring adequate communication of care plans with post-discharge
providers, might have the potential to reduce preventable readmissions.

Abbreviations and Acronyms

AlS Abbreviated Injury Scale
CHARS Comprehensive Hospital Abstract Reporting System
FIM Functional Independence Measure
ISS Injury Severity Score
SHR subhazard ratio
SNF skilled nursing facility
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All trauma registry
patients, age 18+y,
2009-2010

n=31,071

Age 18-54y Age 55+y
n=15,157 (48.8%) n=15,914 (51.2%)

Survived to
discharge”

n=14,536 (91.3%)

Died in hospital
n=1,378 (8.7%)

Died (without RA) Readmitted by 1 Survived (without
by 1 year year RA) by 1 year™
n=1,328 (9.1%) n=3,669 (25.2%) n=9,539 (65.6%)
Figure 1.

Flowchart of patient selection and outcomes. Each row totals 100%. *The group

“Survived to Discharge” is the cohort examined in the current study. **“Survived without
Readmission” is presumptive, based on not being readmitted and not dying during the year.
RA, readmission.
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-
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88.9% 74.0% 65.7%
30 days 6 months | year

Time from Trauma Discharge

Figure2.
Cumulative patient outcomes at 30 days, 6 months, and 1 year from trauma discharge. Each

column totals the whole study population (N = 14,536). Black bar, readmitted; dark gray bar,
died without readmission; light gray bar, survived without readmission (presumptive, based
on not being readmitted and not dying during the year).
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