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Abstract

Background: Averaging length of stay (LOS) ignores patient complexity and is a poor metric for
quality control in geriatric hip fracture programs. We developed a predictive model of LOS that
compares patient complexity to the logistical effects of our institution’s hip fracture care pathway.

Methods: A retrospective analysis was performed on patients enrolled into a hip fracture co-
management pathway at an academic level-one trauma center from 2014-15. Patient complexity
was approximated using the Charlson Comorbidity Index (CCI) and ASA score. A predictive
model of LOS was developed from patient-specific and system-specific variables using a
multivariate linear regression analysis; it was tested against a sample of patients from 2016.

Results: LOS averaged 5.95 days. Avoidance of delirium and reduced time to surgery were
found to be significant predictors of reduced LOS. CCI was not a strong predictor of LOS, but
ASA score was. Our predictive LOS model worked well for 63% of patients from the 2016 group;
for those it did not work well for, 80% had post-operative complications.
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Conclusion: Predictive LOS modeling accounting for patient complexity was effective for
identifying: 1) reasons for outliers to the expected LOS, and 2) effective measures to target for
improving our hip fracture program.

Introduction

Methods

There are more than 300,000 geriatric hip fractures per year in the United States.12 Patients
with hip fractures face reduced mobility and independence after their injury and have an
increased one-year mortality rate.34 Early surgery and a prompt medical evaluation/
optimization have been shown to reduce perioperative morbidity and mortality rates and
improve outcomes®9. Furthermore, Orthopedic-Geriatric co-management models have been

shown to reduce morbidity, decrease length of stay (LOS), and lower hospitalization costs.
10-13

As dedicated hip fracture co-management programs have evolved, inpatient outcome metrics
have improved.314 The most effective model, though, has yet to be determined.” Each
hospital and healthcare system has unique nuances and logistical challenges that create
barriers to implementing and improving hip fracture programs.15-18 Additionally, variance
among patient populations may prevent established models of co-managed care from being
transferrable between similar types of institutions. Predictive modeling of care pathways can
help healthcare systems better understand how variability affects patient throughput and
outcomes.1® However, the effect of hospital-specific predictive modeling in the hip fracture
population has not been explored.

A multi-disciplinary care pathway for geriatric hip fracture patients was started in January of
2014 at the ***BLINDED FOR REVIEW*** an academic level-one adult and pediatric
trauma center and tertiary care center. Prior to the implementation of our geriatric fracture
pathway (GFP), there were no defined guidelines or pathways for the care of this fragile
patient population. Accordingly, our length of stay (LOS) averaged 8 days, well above
published means in the United States. Since the start of our hip fracture program, we have
made substantial, metric-proven improvements in our care of these patients.

Interim analyses of our care metrics found multiple positive effects of our pathway which
includes: orthopedic-geriatric co-management, cohorting patients on an orthopedic surgery
floor whenever possible, guidelines for pain control and delirium prevention/detection, early
discharge planning, and delineating what is supposed to happen to patients during their
hospital stay. After two years of data collection, we developed a predictive model of LOS
and used it to try to understand the impact of patient medical complexity and delays to
surgery on the actual LOS versus predicted LOS. Using our predictive model, we aimed to
further understand what positively and adversely affected our care pathway in order to
improve patient outcomes and care efficiency.

After obtaining institutional review board (IRB) approval, a retrospective review of the
geriatric hip fracture database at [BLINDED] was performed. To be included in our hip
fracture database patients had to be age 65 or older, and have an isolated hip fractures
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(AO/OTA 31 A-C) sustained after a ground level fall (GLF). Patients meeting these criteria
were eligible for participation in our geriatric fracture program (GFP). The GFP is a hip
fracture pathway begins in the emergency department (ED). After the diagnosis of a hip
fracture is made, patients enter the GFP pathway that guides the workup and care of the
patients. It includes: pain control centered on acetaminophen and an iliofascial nerve block,
specific imaging and lab tests, and family/patient education regarding hip fractures. An on-
call hospitalist reviews the patient’s chart and determines whether the patient should be
admitted to the orthopedic service or an internal medicine service based on very clearly
defined and mutually agreed upon criteria. Regardless of the admitting service, Orthopedic-
Geriatric co-managed care ensues throughout the hospitalization.

Early medical optimization and early surgery are the initial goals of care. Patients are
cohorted on the orthopedic floor whenever possible, where the staff — including nurses,
physical and occupational therapists, discharge coordinators, and the managers of the unit -
has been educated about their role in the GFP and participates in weekly multidisciplinary
meetings. Geriatric pain protocols and a delirium detection/prevention program are used
throughout the hospitalization. Internal fixation or arthroplasty is performed based on the
fracture pattern, and all patients are weight bearing as tolerated post operatively on the
injured extremity. Discharge planning and an evaluation by the acute rehabilitation service
take place as soon as possible after admission.

Model Development

Metrics

Patients who had their hip fracture operatively treated during calendar years 2014 and 2015
were used to develop our LOS predictive model. Our hip fracture database is prospectively
collected and maintained using data automatically extracted from our hospital’s electronic
medical record system (Epic Systems, Verona, Wisconsin) and supplemented with
retrospective chart reviews for data that cannot be automatically extracted. In this study, we
excluded patients who had a fall while already admitted to the hospital, patients who had
higher energy mechanisms of injury, and patients with any other significant injury (more
than a soft tissue contusion). Patients who refused surgery or who were deemed too high-
risk for surgery were also excluded. After the model was developed using patients from
2014 and 2015, data from the first 30 consecutive patients treated in early 2016 were used to
test our predictive model and assess if it is a valuable tool to use for future quality
improvement analyses.

Core hip fracture data/metrics extracted automatically from EMR reports included:
demographics, timing of care interventions, LOS, discharge disposition, admitting service
and location, ASA score, and laboratory values. Cost data were obtained from another data
system and merged into our registry. A delay to surgery (DTS) was defined as going to the
operating room 2 or more midnights after presentation to our ED. We defined DTS this way
because we do not routinely operate on hip fracture patients overnight and the time it takes
for their medical evaluation and optimization makes surgery on the day of presentation
nearly impossible. Therefore, one missed full daytime operative block represents a DTS.
The Charlson Comorbidity Index (CCI) was used to score patients’ pre-existing
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comorbidities. The complications we recorded were those defined by Liem et al. and the AO
Trauma Network20. Delirium was assessed using the Confusion Assessment Method
instrument (CAM), performed every 12 hours or whenever the patients’ nurse detected a
mental status change. For this study, any positive CAM was considered to signify the
presence of delirium. All other complications were identified by a chart review and verified
to have occurred during the hospitalization rather than being present on admission.

Building a Predictive Model of LOS

The primary purpose of creating a predictive LOS calculator was to improve our hip fracture
care pathway and understand which controllable and/or uncontrollable factors influence the
LOS of each patient. Accordingly, we included covariates that were both controllable and
uncontrollable, as well as covariates that occur at different time points during hospitalization
and may not be determinable on admission. Delirium was included in our predictive
modeling because of its substantial rate of occurrence. All other in-hospital complications
were excluded as a separate variable when we developed our model. This is because they are
much less common and have a widely varying effect on patients’ outcomes and LOS.
Therefore, our model assumes a 19% complication rate (other than delirium) for each patient
based on our average complication rate.

Statistical Analysis

Results

The data were used to describe the characteristics of our patient population and guide the
linear regression analysis that explored potential associations between clinical parameters
and LOS. The variables that showed a statistically significant relationship to LOS and key
demographic variables were added to the linear regression model to predict LOS. Even
though successfully cohorting patients to our orthopaedic unit did not meet statistical
significance in our unadjusted regression analysis, we chose to include this factor into our
modeling because of its trend toward significance and essential role in our geriatric fracture
program. The dependent variable, LOS, was skewed to the right owing to the influence of
outliers, so we log transformed the values to meet normality assumptions of linear
regression. We predicted log LOS for selected predictor values using the fitted regression
equation. For ease of understanding clinical relevance, we exponentiated these values to
yield the predicted geometric mean of LOS in days. Our statistical model was created using
SAS statistical software (version 9.3, SAS, Carey, NC). The predictive calculator is available
for download at SUPPLEMENTAL LINK.

Between January 2014 and December 2015, 196 patients were entered in our hip fracture
database. Of these, 177 patients fit the inclusion criteria for this study. 19 patients were
excluded: 11 patients underwent non-operative management and 8 patients either had
fracture patterns that were not AO/OTA 31A-C types or they bypassed the GFP pathway due
to a delayed diagnosis of their hip fracture.

Supplemental Table 1 depicts the demographic and clinical profile of the patients included in
this study. The majority of the patients (66.7%) were admitted to the orthopedic trauma
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surgery service, and 52.5% of patients were cohorted on the orthopedic floor. 54 patients
(30.5%) had a delay to surgery (DTS). The mean LOS was 5.95 days, and the median LOS
was 5.19 days, which reflects the 7% of patients who had 10-plus-day hospitalizations due
to complications and/or refusing discharge to a skilled nursing facility (SNF). 83% of
patients had Medicare Part A as their payer for the hospitalization, and 13% had either an
HMO-contracted Medicare or an HMO/PPO as their payer. Four patients (2.3%) died during
their hospitalization.

The results of the unadjusted regression analysis are shown in Table 1. Developing a
complication or delirium during the hospitalization and the time to surgery were predictive
of an increased LOS. An INR <1.5 on admission, ASA, and a CCI score <4 were also
statistically significant and were predictive of a shorter LOS. Although not statistically
significant, admission to our orthopedic unit — regardless of primary service — trended to
lower LOS.

Multivariate Analysis

A multivariate analysis was performed to assess the independent effect of each covariate
chosen for our predictive model. The variables chosen were: age, gender, time to surgery,
ASA score, CCl score, INR on admission, admission to the orthopaedic unit (e.g. cohorting
patients successfully), and occurrence of delirium during the hospitalization. The model had
an R2 of 0.20, indicating that 20% of variation in actual LOS could be measured by the
variables included in the model. Nonetheless, time to surgery (p < 0.01) and the occurrence
of even one episode of delirium (p < 0.01) were independent predictors of an increased LOS.
(See Supplemental Table 2 for point estimates derived from the of multivariate multiple
linear regression.) An elevated INR on admission, the effect of cohorting patients onto our
orthopedic floor, and the ASA score also had trends showing an effect on the expected LOS
calculation but were not statistically significant. Age, gender, and CCI were poor predictors
of LOS. Table 2 shows an example of the applied predictive model to a theoretical “average”
patient, as defined by the median LOS (5.19 days) in our cohort of patients.

Testing the Model

In order to assess the utility of our predictive LOS modeling, we compared the actual length
of stay (aLOS) to the expected LOS for 30 patients who entered the hip fracture program
between January and May 2016. One patient was excluded due to an inappropriate diagnosis
for inclusion (bisphosphonate-associated femoral shaft fracture), and two had incomplete
data. The aLOS was within the 95% confidence interval for 89% of patients. However,
because of the wide range on the 95% confidence intervals, which averaged close to 10 days,
we re-analyzed our results using the more clinically relevant LOS range of 1.5 days (Figure
1). Using this criterion, 13 patients (48%) had an accurate prediction of their LOS and 4
(15%) had a smaller than predicted LOS. In sum, the model made reasonable predictions for
63% our patients. None of these patients had a post-operative complication other than
delirium. Of the 10 patients (37%) who had a longer aL OS than predicted LOS £1.5 days,
all but two had a post-operative complication other than delirium (80%). This illustrated the
substantial positive effect (i.e. increasing in value) on the LOS of any complication
developing during the hospitalization.
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Sub-analysis of Comorbidities (Charlson Index) and Delays to Surgery (DTS)

A stratified analysis using the reason for any DTS and the effect of pre-existing co-
morbidities was performed for our 201415 patients. The CCl in isolation was a poor
predictor of LOS in our model. However, patients with a CCl of 4 or greater averaged
$3,966 more for their total cost of the hospitalization despite not having an increased post-
operative complication rate.

DTS was associated with an increased complication rate and cost of hospitalization. When
we analyzed the reasons for the DTS, we found that the reason for the delay mattered (Table
3). Delays due to medical evaluation/ optimization or a patient initially refusing surgery had
an increase in LOS, hospital cost, and complication rate. A delay due to lack of operating
room time was not associated with an increase in LOS, cost, or complication rate.

Discussion

Length of stay (LOS) can be used as a metric to evaluate the success of a geriatric hip
fracture program since it may reflect the cost-effectiveness of care and the in-hospital
complication rate. Simply averaging the LOS can mask the expected variability in this
heterogeneous patient population and has been found to be an ineffective measure for
determining successful patient management.1921 A tool that could be used to calculate an
expected LOS for specific patients at an institution would help hip fracture centers improve
patient care and provide more patient-specific quality control by allowing for accurate
detection and analysis of outliers. We created a predictive calculator that estimates the
expected LOS for a patient in our hip fracture pathway. It allowed us to identify what factors
place patients at risk for prolonged hospitalizations, as well as those that predict a shorter
LOS.

Our study has many limitations. First, the statistical power for our multivariate modeling is
low due to the heterogeneity of the hip fracture patient population that ranges from high-
functioning patients to minimally-ambulatory nursing home residents. We realized this while
designing this study, but the value of using the results to focus our efforts made it
worthwhile to pursue and use this predictive calculator. While the accuracy of our model is
high, the precision of our expected LOS is low. To improve the clinical utility, we set a
clinically relevant cutoff of within 1.5 days of our prediction as a “success”. This calculation
enabled us to measure the effect of a post-operative complication on increasing the LOS in
our 2016 group.

Additional limitations of our study include the retrospective data collection and the
subjectivity in interpreting the cause(s) of any delay(s) to surgery. We attempted to mitigate
the inaccuracies of retrospective data collection by confirming that all medical comorbidities
were diagnosed prior to or at the time of admission for the hip fracture. All the
complications we included in our analysis had to occur during the hospitalization, and any
that were present at the time of admission were excluded. A DTS was most often caused by
the need for medical optimization clearance or availability of an operating room. It was easy
to determine the reason for the delay via a chart review because the daily orthopedic and
medicine team progress notes discuss the delay since the implementation of our GFP.

JAm Acad Orthop Surg. Author manuscript; available in PMC 2020 March 15.
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Finally, in creating a model to predict LOS, we realize that there may be other variables we
did not include included that can affect the predictive values. Specifically, hospital
disposition is inherently tied to the LOS, and insurers differ in authorization processes for
skilled nursing facilities. Our cohort, however, had Medicare Part A as the payor in 83% of
patients. Because there was no other substantially common insurer, so we did not include the
patient’s insurance status in our modeling. While we do not anticipate this distribution of
insurers to change, it is important to note this variable may substantially alter results in states
and communities with different payor mixes.

There are very practical applications to institution-specific predictive modeling in geriatric
hip fracture patients. First, it can provide patients and families with more specific
expectations for the hospitalization. For example, a patient with an elevated INR on
admission and an ASA score of 4 is expected to have an increased LOS; however, cohorting
the patient to our orthopaedic floor and taking the patient to the operative room before the
second midnight will improve the patient-specific predicted LOS. If patients and families
ask about delirium, we can tell them not only our rate of patients who become delirious at
some point in the hospitalization but quantify how that may change their predictive LOS.

Uncontrollable patient-specific variables set the initial framework for our LOS predictions
when they present to the emergency room. Several of these variables have been previously
reported to be associated with an increased LOS for hip fracture patients including: the ASA
score,?2 medical comorbidities,® and the fracture pattern.23 We did not include the fracture
pattern in our modeling because all patients are treated with immediate weight bearing and
there was no delay to care for arthroplasties compared with internal fixation at our
institution. When we analyzed comorbidity scoring systems, the ASA score was an
important predictor of LOS, but the CCI was not. This is a reflection of the intent of CCI to
capture longer-term consequences of medical conditions, while the ASA score represents the
immediate acuity of comorbid conditions. Prior studies determining that comorbidities are a
risk factor for a longer LOS have not made this distinction.> CCl is a worthwhile metric to
describe patient complexity that has cost implications and affects Medicare reimbursement,
but it is a poor predictor of LOS and post-operative complications.

Another important application of predictive modeling is better quantifying the effect of
hospital logistics on hip fracture patients. Factors including admissions on a weekend, 18
availability of arthroplasty surgeons,24 admission to orthopedic versus general medicine
services,17 and admission to a geriatric unit?® have all been shown to affect the LOS at
various institutions. These conclusions represent hospital-specific findings and therefore
may or may not be generalizable to other hospital systems. For example, the patients who
present to our institution with elevated INRs (14%) are not routinely given rapid reversal
agents. Obviously, a rapid reversal agent can change the effect of elevated INR on expected
LOS.

In developing our GFP, we identified that a DTS and failure to cohort patients onto our
orthopedic ward as important logistical targets for improvement. Interestingly, a subgroup
analysis of the DTS group showed a difference between patients with operative delays due to
medical clearance versus operating room availability (Table 3). While some reasons for

JAm Acad Orthop Surg. Author manuscript; available in PMC 2020 March 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hecht et al.

Page 8

delayed medical evaluation and optimization may be unsolvable, mandates for hastened
medical evaluations have been shown to reduce the time to surgery and overall LOS.9:26

Our study showed a trend that a patient with an otherwise-average expected LOS
successfully cohorted on our orthopedic floor, irrespective of what service admitted the
patient, can expect a half-day decrease in the LOS. To our knowledge, this finding has not
been reported for hospitals in the United States, which separate the acute hospitalization
from the subacute rehabilitation period2®. Our orthopaedic floor offers better care to geriatric
fracture patients because the nursing and physical/occupational therapy staff are trained and
used to taking care of orthopaedic patients. Additionally, the staff has received extra training
in geriatric fracture patient care, and their managers take part in weekly quality improvement
meetings where all of the geriatric hip fracture patients from the past week are discussed.
This serves as a forum to improve communication, review patients with excessive delays to
some aspect of their care, and discuss complications — it has also created “buy in” from this
multidisciplinary group. Since our orthopedic floor has a limited number of beds and admits
patients from other services and departments, we are competing for a finite resource. Our
findings suggest that hip fracture patients would benefit from our hospital expanding the
orthopedic floor and/or being prioritized for admission to the unit. Predictive modeling can
display how the entire distribution of LOS would be expected to shift to the left if all of our
patients were able to be cohorted to our orthopedic ward — a powerful tool to bring to
hospital administrators.

Our predictive model was developed to focus our quality improvement efforts. When we
applied our model to the first 30 patients of our 2016 cohort, we found that the impact of in-
hospital complications on our expected LOS was substantial. Nearly every patient that
exceeded our predictions by >1.5 days developed a complication other than delirium.
Although the patients who had a delay to surgery for medical optimization were at a slightly
higher risk for developing a complication, most complications seem to occur somewhat at
random amongst the entire cohort. Moving forward, our geriatric fracture program will
closely investigate which complications may be preventable and how best to limit prolonged
hospitalizations when complications do occur. This will have major implications on
reimbursement as Medicare transitions to a bundled payment structure.2’

Our study is the first to examine the utility of a predictive LOS model to analyze the
successes and shortcomings at a single-site Orthopedic-Geriatric co-management hip
fracture program. Our model is imprecise, but it allows us to identify and analyze patients
whose actual LOS deviates substantially from their expected LOS. It also lets us
communicate better with patients and families when they ask how long they will be in the
hospital and with hospital administrators when we show the value of additional resources for
our hip fracture program. Most importantly, by understanding the individual “predictors” for
longer or shorter LOS, we can target areas for improvement in our hip fracture program. We
are not advocating that other centers to use our exact model; rather, our model serves as a
prototype for other institution-specific predictive calculators that would allow similar
targeted analyses to be performed. Future work will aim to improve the precision of our
modeling and explore the relationship to risk adjustments that affect reimbursement as our
geriatric hip fracture pathway continues to improve.
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Figure 1.

Actual LOS of consecutive 2016 patients plotted against the predicted LOS value. The grey
zone is £1.5 days from the predicted LOS, chosen as a clinically relevant accuracy of our
predicted modeling.
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Table 1.

Page 12

Unadjusted Regression Analysis of Length of Stay by Patient Demographics and Clinical Characteristics

Variable Point Estimate | SE pvalue | AverageLOS
No complication —0.4530 | 0.084 | <goo1* 2.94
Midnights to surgery (base = 1) 0.1581 | 0.042 | <gpo1™ 4.75
ASA Score (base = 3) 0.1971 | 0.062 | (o2* 4.93
No delirium -0.1890 | 0.070 | (o7* 4.52
INR<15 -0.2651 | 0.101 | go10* 4.85
Charlson Comorbidity Index < 4 -0.1673 | 0.082 | (o42* 4.84
Cohorted to Ortho Floor -0.1141 | 0.070 0.104 477
Age (base = 82) 0.0046 | 0.004 0.300 5.03
Gender Female -0.0738 | 0.075 0.327 4.91

*
Statistically significant p-value
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Example of a predictive calculator showing the effect of covariates on the expected LOS.

Table 2.

Variable Effect on LOS (days) p-value
Adge (each decade older than 82) +0.14 p=0.56
Gender (male) +0.23 p=0.55
Elevated INR (>1.5 on admission) +0.99 p=0.08
CCI score (4 or more) +0.11 p=0.81
Not Cohorted to Orthopedic Floor +0.46 p=0.23
ASA Score (one point increase) +0.65 p=0.07
Timeto Surgery (each midnight) +0.75 p<0.01 *
Delirium (ever during hospitalization) +1.07 p<0.01 *

*
Statistically significant p-value
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Table 3.

Analysis of patients who had a delay to surgery (DTS) by reason

Page 14

All patients Delay due to medical Delay dueto OR Delay dueto patient
P clearance availability initially refusing surgery
Number of patients 177 25 16 5
~ 10/25 (40%) 2/16 (13%) 1/5 (20%)
CCl =4 0or more 42 (24%) p=<.05* p =027 =084
Post-oper ative complication rate 33 (19%) 8/25 (32%) 0/16 (0%) 3/5 (60%)
(excluding delirium) 0 =006 p<005° p<005"
70+£29 53%1.6 9.2+31
Length of stay (days) 6.0+3.1 ,U<005* p=036 p<001x-
Averagetotal cost of $40,264 $31,443 $44,882
hospitalization $33,495 p<001* p =048 p<005*

*
Statistically significant
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