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Introduction

Hip fractures are common and costly, costing $12 billion annually in the US. A large
portion of the cost of care is related to inpatient care, which is highly variable. There is a
lack of strong evidence regarding whether medicine or orthopaedics should serve as the
primary admitting and managing service in the care of hip fracture patients with neither
having improved outcomes. The purpose of this study is to compare the cost of care
between patients who were admitted to orthopaedic vs. non-orthopaedic services after
geriatric hip fractures.

Methods

A retrospective chart review was conducted of patients over the age of 55 with hip
fractures undergoing operative treatment at a Level 1 trauma center between 2010-2013.
We examined demographic information, admitting service (orthopaedic vs.
non-orthopaedic), length of stay, ASA score as well as reimbursement and cost
information. Statistical analysis was performed to evaluate what factors most influence
cost of care.

Results

A total of 326 patients with hip fractures were included in the analysis. After controlling
for age, sex, BMI, and ASA score, admission to the orthopaedic service was associated
with $3,172 lower total costs than admission to a non-orthopaedic service (p=0.0001).
Patients admitted to the orthopaedic service were discharged an average of 2.6 days
earlier than patients on the non-orthopaedic service (p<0.0001). There was no difference
in 30-day readmission or 90-day mortality between the two groups.
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Discussion

Hip fracture patients admitted to the orthopaedic service are discharged sooner than
patients admitted to a non-orthopaedic service, even when controlling for ASA score.
Nationally, this implies substantial potential cost savings from admitting patients to
orthopaedic rather than non-orthopaedic services. Systems should develop clear
guidelines on when it is appropriate to admit hip fracture patients to non-orthopaedic
services, and the orthopaedic service should be the default admitting service.

INTRODUCTION

Hip fractures in the elderly are common and costly. In 2005,
approximately 300,000 Americans sustained a hip fracture,
costing $12 billion annually. This number is expected to in-
crease to 450,000 with a projected cost of $18 billion by
2025 (Burge et al. 2007). Worldwide, the incidence of hip
fractures is expected to reach over 6 million per year by
2050 (Cooper, Campion, and Melton 1992). Despite consti-
tuting only 14% of osteoporosis-related fractures, hip frac-
tures accounted for nearly 75% of the economic burden.
These fractures are associated with significant morbidity
and mortality, with one-year mortality after a hip fracture
approaching 30% in some studies (Wolinsky, Fitzgerald,
and Stump 1997; Panula et al. 2011; Okike, Chan, and Pax-
ton 2017).

Several studies show direct cost of medical care related
to a hip fracture is upwards of $21,000-$66,000 (Haentjens
et al. 2001; Braithwaite, Col, and Wong 2003) with the
lifetime attributable cost of hip fracture estimated to be
$81,000 (Braithwaite, Col, and Wong 2003). Some of the
variability in these costs is related to inpatient care, which
can account for an estimated 16% of direct cost (Braith-
waite, Col, and Wong 2003). Additionally, hospital readmis-
sions after hip fracture are largely because of non-surgi-
cal illness and are associated with increased cost, morbidity
and mortality (Boockvar et al. 2003). Patient-specific fac-
tors, such as American Society of Anesthesiology (ASA)
score, have been noted to increase length of stay and cost
of care for hip fracture patients as well (Brown, Olson, and
Zura 2013; Garcia et al. 2012; Aigner et al. 2016). However,
these are non-modifiable factors at the time of presenta-
tion.

There has been much investigation on the effect of a
coordinated multidisciplinary approach for inpatient treat-
ment of geriatric hip fractures with mixed results. Although
some studies show benefit to primary medical manage-
ment, many show little or no benefit (Antonelli Incalzi,
Gemma, Capparella, et al. 1993; Tallis and Balla 2010;
Choong et al. 2000; Bandis, Murtagh, and Solia 1998; Adun-
sky et al. 2002; Phy et al. 2005; Elliot et al. 1996; Khan
et al. 2002; Jette et al. 1987; Koval et al. 1998; Fordham
1993; Roder et al. 2003). A Cochrane review of nine trials
trended toward better outcomes with multidisciplinary re-
habilitation, but the results were not statistically signifi-
cant (Cameron et al. 2001).

There is a lack of strong evidence regarding whether
medicine or Orthopaedics should serve as the primary ad-
mitting and managing service in the care of hip fracture pa-
tients. A retrospective, single-center study of hip fracture
patients over the age of 55 comparing the cost of care when

the patient was admitted to the Orthopaedic service versus
a non-Orthopaedic service was conducted. Our hypothesis
was that the cost of care would be higher for patients ad-
mitted to a non-Orthopaedic service.

METHODS

PATIENT POPULATION

Institutional review board approval was obtained for this
retrospective cohort study. A search was conducted using
ICD codes 820.* and 733.14 to identify all patients with hip
fractures at a single center between 2010 and 2013. Patients
under 55 years old, patients with a previous hip fracture in
the one-year period before current fracture, polytrauma pa-
tients, those with pathologic fractures and patients man-
aged non-operatively were excluded. Patients admitted to
the Orthopaedic service at the time of this study underwent
standard post-operative care with medicine or cardiology
consulting if medicinally necessary.

DATA COLLECTION

After identifying patients using ICD-9 codes, radiographs
and, when necessary and available, CT scans were reviewed
by a senior resident physician and the senior author to con-
firm the presence of hip fracture. Demographic information
including age, sex, body mass index (BMI), and American
Society of Anesthesiologists’ (ASA) classification of Physi-
cal Health was collected for each patient. The mechanism
of injury for each patient was recorded. Medical and opera-
tive records were reviewed and fixation method, estimated
blood loss (EBL), procedure time, and anesthesia type were
noted. The admitting service, units of blood transfused,
services that were consulted during the hospital stay, and
the length of stay were recorded. Readmission within 30
days, and mortality within 90 days of surgery were noted.
Discharge location was recorded for each patient (home,
another healthcare facility, or deceased). Data on hospital
costs were obtained from the Strategic Decision Support
Services Group within the health system, which included
direct costs, indirect costs, total cost and profit (Table 1).

STATISTICAL ANALYSIS

Descriptive and comparative statistics were performed. Stu-
dents’ T-test was used for comparisons between groups
for continuous variables and Chi-Squared test was used to
compare categorical variables. Multiple regression analysis
was used to test for the effects of multiple variables on fi-
nancial metrics while controlling for possible confounding.
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Table 1. Cost Definitions

Definition

Direct Cost . .
implant cost, operating room costs, etc.

All hospital costs directly associated with patient care including, but not limited to, room costs, nursing care,

Indirect Cost

Hospital costs attributed to patient, but not directly related to patient care, including hospital administration,
information technology costs, hospital utilities, etc.

Profit reimbursement for the patient

Calculated by subtracting both direct and indirect costs attributed to the patient from DRG-linked

All financial metrics were calculated individually for each patient

Table 2. Patient Demographics

Ortho Non-ortho p
Age (years) 77 +/- 10 81+/-11 0.0004
Sex (% female) 70% 60% 0.081
BMI 25.0+/-4.7 23.5+/-5.3 0.007
ASA Score 2.6+/-0.6 3.0+/-0.5 <0.0001

Patient demographics for patients admitted to the Orthopaedic service versus a non-Orthopaedic service. Values are presented as mean +/- standard deviation.

Data is presented as mean and standard deviation for two-
group comparisons and as mean +/- standard error for mul-
tiple regressions. Statistical analysis was performed using
RStudio statistical software (RStudio, Inc., Boston, MA).

RESULTS

A total of 326 patients over the age of 55 with hip fractures
were included in the analysis. Of these patients, 187 were
admitted to a non-Orthopaedic service and 139 were ad-
mitted to the Orthopaedic service. Patients admitted to the
Orthopaedic service averaged 77 years of age, whereas pa-
tients admitted to a non-Orthopaedic service averaged 81
years of age (p<0.0004). There was no difference in sex,
with females compromising 70% of the patients admitted
to the Orthopaedic service and 60% of the patients ad-
mitted to non-Orthopaedic service. Patients admitted to
the non-Orthopaedic service had significantly higher ASA
scores. The average ASA score for a patient admitted to
the Orthopaedic service was 2.6, whereas the average for a
non-Orthopaedic service was 3.0 (p<0.0001). Patient demo-
graphics are summarized in Table 2.

Eighty-nine percent of patients admitted to the Or-
thopaedic service were taken to the operating room within
48 hours. On a non-Orthopaedic service, this occurred in
72.0% of patients (p=0.0002). There was no difference in
units of packed red blood cells transfused to either group,
with the Orthopaedic patients receiving an average of 0.94
units and non-Orthopaedic patients receiving an average
of 1.13 units (p=0.258). The non-Orthopaedic service group
sought the input of an average of 1.7 consultants, whereas
the Orthopaedic team averaged 0.9 consults (p<0.0001). Pa-
tient in-hospital management is summarized in Table 3.

There was a significantly longer length of stay for pa-
tients admitted to a non-Orthopaedic service compared to
the Orthopaedic service, averaging 9.3 and 5.9 days, respec-

tively (p<0.0001). The Orthopaedic team also discharged
21.8% of patients to home, whereas the non-Orthopaedic
services discharged 8.9% of patients to home (p=0.001).
There was no difference in 30-day readmission, 90-day
mortality, procedure time, or estimated blood loss between
the two groups. Patient peri-operative outcomes are sum-
marized in Table 4.

All measured cost metrics were significantly different
between the two groups (Table 5). Patients admitted to
the Orthopaedic service had lower direct, indirect and total
costs compared to the patients admitted to a non-Or-
thopaedic service (p<0.05 for all costs), while the health
system loss was greater for patients admitted to non-Or-
thopaedic services (p=0.018).

Multiple regression analysis was performed to identify
factors associated with direct costs, indirect costs, and
profit. For each regression, the model included age, gender,
BMI, ASA score, and admitting service (Orthopaedic vs
non-Orthopaedic) as independent variables (Table 6). Ad-
mission to a non-Orthopaedic service was associated with
increased direct and indirect costs, even after controlling
for ASA score. Admission to a non-Orthopaedic service was
associated with an increase of $1,991 +/- $616 in direct
costs (p=0.0014) and an increase of $1,181 +/- $280 in in-
direct costs (p<0.0001). Controlling for other variables, ad-
mission to a non-Orthopaedic service was associated with
a $3,172 +/- $824 increase in total costs when compared
to admission to the Orthopaedic service (p=0.0001). An in-
crease in ASA score was associated with an increase in in-
direct costs of $1,695 +/- $489 per ASA class (p=0.0006) and
an increase in total cost of $3,347 +/- $1,439 per ASA class
(p=0.0207). None of the other factors examined were signif-
icantly associated with costs.

Linear regression of total costs against length of stay
found that total costs increased by $1,926 for each addi-
tional day in the hospital (p<0.0001), indicating that length
of stay was a major cost driver. A multiple regression exam-
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Table 3. In-Hospital Management of Patients

Ortho Non-ortho p
Time from admission to OR (% < 48h) 89.2% 72.0% 0.0002
Unit RBC 0.9+/-1.2 1.1+/-1.6 0.258
Consults (number) 0.9+/-1.0 1.7+/-1.0 <0.0001

Comparison of the in-hospital management of patients admitted to the Orthopaedic service versus a non-Orthopaedic service. Values are presented as mean +/- standard deviation.

Table 4. Peri-operative Patient Outcomes

Ortho Non-ortho p
Length of stay (days) 5.9+/-2.7 9.3+/-5.8 <0.0001
Discharge to home (%) 21.8% 8.9% 0.001
30d readmission (%) 11.9% 16.8% 0.24
90d mortality (%) 3.9% 8.3% 0.13
Procedure time (min) 106 +/- 45 107 +/- 46 0.95
EBL (mL) 214 +/- 183 199 +/- 169 0.46

Peri-operative patient outcomes compared between patients admitted to the Orthopaedic service versus a non-Orthopaedic service. Values are presented as mean +/- standard devia-

tion.

Table 5. Patient Financial Metrics

Ortho Non-ortho p
Direct Cost (USD) $20,031 +/- $760 $24,388 +/- $769 <0.0001
Indirect Cost (USD) $6,876 +/- $205 $9,665 +/- $411 <0.0001
Total Cost (USD) $29,907 +/- $859 $34,052 +/-$1,112 <0.0001
Profit (USD) -$954 +/- $744 -$3,360 +/- $683 0.018

Patient financial metrics compared between patients admitted to the Orthopaedic service versus a non-Orthopaedic service. Values are presented as mean +/- SEM.

Table 6. Cost Drivers

Financial Male Sex (vs. Non-Ortho Service
Metric (USD) Intercept Age Female) BMI ASA (vs. Ortho)
$24,223 +/- -$103 +/- -$617 +/- $64 +/- $1,652 +/- 3
Direct Cost $5,992 $54 $602 $110 $1,077 S1;1’92(1) :)6135216
p<0.0001 p=0.0598 p=0.3061 p=0.5629 p=0.1262 p=5
$3,871 +/- -$29 +/- $198 +/- $71+/- $1,695 +/- 3
Indirect Cost $2,722 $25 $274 $50 $489 $1'1§(1) 860351280
p=0.1560 p=0.2403 p=0.4701 p=0.1581 p=0.0006 p=0
$28,094 +/- -$131 +/- -$420 +/- $135 +/- $3,347 +/- 3
Total Cost $8,009 $72 $805 $147 $1,439 $3,1Z§ 86(?18 2
p=0.0005 p=0.0707 p=0.6026 p=0.3613 p=0.0207 p=0
Health System $16,065 +/- -$66 +/- -$873 +/- -$152 +/- -$3,114 +/- §721+/- $563
Profit $5,477 $49 $550 $101 $984 -0.2013
p<0.0001 p=0.1808 p=0.1138 p=0.1313 p=0.0017 p=0.

The effects of patient and care factors on financial metrics by multiple regression. Results are presented as a change in financial metric per unit change in age, BMI, and ASA score.
Sex is reported as the impact of male sex as compared to a female baseline. Service is presented as the change in the financial metric on the orthopedic service relative to a non-Or-
thopaedic service. All values are presented as the change +/- SEM. All numbers are reported as USD.

ined age, gender, BMI, ASA score, and service as indepen-
dent variables to identify drivers of increased length of stay.
A higher ASA score was associated with an increased length
of stay (1.8 +/- 0.5 additional days in the hospital for each
point increase in ASA, p=0.0002). Admission to the ortho-
pedic service was associated with a 2.6 +/- 0.5-day shorter

length of stay, controlling for all other factors including
ASA score (p<0.0001). Age, gender, and BMI were not asso-
ciated with changes in the length of stay.

Finally, we calculated the theoretical savings to the
health system of admitting all patients to the orthopedic
service. We found that after controlling for ASA status, ad-
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mission to the Orthopaedic service decreased total costs
by $3,172 +/- $824 as compared to admission to a non-Or-
thopaedic service. Thus, if the 187 patients in our study ad-
mitted to non-Orthopaedic services had instead been ad-
mitted to Orthopaedic services, the total cost savings for
the health system would be $593,164 +/- $154,088.

DISCUSSION

The analysis in this paper supported our hypothesis that
the cost of care would be higher for hip fracture patients
admitted to a non-Orthopaedic service. Overall, we found
greater direct, indirect, and total costs for patients admit-
ted to a non-Orthopaedic service, even after controlling for
patient age, sex, BMI, and ASA score (Tables 5, 6). Multiple
regression analysis revealed that total costs were associated
most strongly with ASA score and admitting service.

We found that each additional day in the hospital in-
creased total costs by an average of $1,926. Given the
strong association between length of stay and costs, we ex-
amined the factors associated with an increased length of
stay. We found that each point increase in ASA score was
associated with a 1.8-day increase in length of stay, while
admission to the Orthopaedic service was associated with
a 2.6-day shorter length of stay. A 2012 study on geriatric
hip fractures showed similar findings, demonstrating that
for each ASA score increase of 1, the average length of stay
increased by 2.053 days (Garcia et al. 2012). This group also
determined the total daily cost for a hip fracture patient
was $4530, and extrapolated this number to determine that
each increase in ASA score translated to an increased cost
of $9300 per patient (Garcia et al. 2012).

Ricci et al. also associated higher ASA scores with in-
creased length of stay. Not surprisingly, patients with
higher ASA scores and need for preoperative cardiac testing
also had higher rates of delayed time to surgery (Ricci et
al. 2015). Our study also showed a significant difference
in time to surgery between patients admitted to the Or-
thopaedic service versus a non-Orthopaedic service. As
highlighted by Ricci et al, the patients admitted to a non-
Orthopaedic service with higher ASA scores may require
further pre-operative testing and this may cause a delay in
time to surgical intervention (Ricci et al. 2015). Addition-
ally, this delay to surgery may also contribute to the pa-
tient’s longer length of stay. Patients with a prolonged time
to surgery will ultimately spend more total time in the hos-
pital, even if they have the same post-operative course as
another patient who went to the operating room sooner.

Numerous studies have demonstrated longer length of
stay for hip fracture patients admitted to a non-Or-
thopaedic service compared to the Orthopaedic service. A
2016 study reviewed 614 geriatric hip fractures and com-
pared length of stay for those patients admitted to medi-
cine versus Orthopaedics. The authors found a significant
difference in length of stay between the groups, with the
patients admitted to medicine versus Orthopaedics aver-
aging 7 days and 4.5 days, respectively (Greenberg et al.
2016). Another study later developed a predictive model for
length of stay of geriatric hip fracture patients. This study

saw admission to the medicine service and male sex as in-
dependent predictors for increased length of stay (Knoll et
al. 2019).

Our patients admitted to a non-Orthopaedic service
were on average older with higher ASA scores, as seen in
other studies (Greenberg et al. 2016). It may be that hip
fracture patients admitted to the Orthopaedic service are
healthier, younger patients who go to the operating room
shortly after admission and therefore have a shorter length
of stay. However, even when controlling for other factors,
patients with the same ASA score are discharged sooner
when admitted to the Orthopaedic service compared to a
non-Orthopaedic service. Given that direct cost is strongly
associated with length of stay, one can then argue that ad-
mission of hip fracture patients to the Orthopaedic service
saves the health system money. As seen in Table 5, the hos-
pital system loses money when caring for these patients,
and admission to the Orthopaedic service minimizes losses
to the healthcare system as a whole.

We calculated the theoretical savings that could be gen-
erated by admitting all patients to Orthopaedic service.
Within the health system, we found theoretical cost savings
of nearly $600,000 if all patients admitted to the non-Or-
thopaedic service had instead been admitted to the Or-
thopaedic service. We acknowledge that these numbers are
specific to our health system and cannot necessarily be ex-
trapolated on a national level. These authors now advo-
cate for admission to the Orthopaedic service as the de-
fault option at our institution if either service is a viable
choice. Additionally, since this data has been analyzed, a
“hip fracture pathway” has been initiated at our institution
where the default admission service is Orthopaedics with
hospitalist or geriatrics co-management. There are several
factors that may have contributed to the lower length of
stay on the orthopaedic surgery service including aggres-
sive mobilization, early discharge planning, and approach-
ing the patient care episode in a more focused manner (e.g.,
fixing the patient’s hip fracture as the primary goal). Hip
fracture patients managed by the orthopaedic surgery ser-
vice were also admitted to the Orthopaedic floors with in-
creased access to Physical Therapy, Occupational therapy
and orthopaedic nursing resources not available on med-
icine floors. Decreasing length of stay had direct implica-
tions on decreasing cost. Additionally, while not analyzed
in this paper, it is possible that different goals of care and
thus resources utilized (labs, additional testing etc.) be-
tween the two services are reflected in these results. Of
course, certain patients may warrant admission to non-Or-
thopaedic services if they have concomitant medical needs
better managed on another service. Health systems should
create clear guidelines on when admission to a non-Or-
thopaedic service is appropriate.

One concern is that premature discharge may save the
health system inpatient costs, but ultimately require more
rehabilitation time or home nursing care leading to overall
increased cost. However, a 2017 study reviewing Medicare
patients undergoing major surgery showed overall lower
cost of care for patients with shorter length of stay with no
increase in payments for post-discharge care or readmis-
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sions (Regenbogen et al. 2017). Although these were not
hip fracture patients, these patients underwent procedures
of similar magnitude, such as such as large joint arthro-
plasty, coronary artery bypass graft, or colectomy.

There are several limitations to this study. First, this is
a retrospective cohort study at a single Level 1 trauma cen-
ter. Therefore, causation cannot be determined and the re-
sults are not necessarily generalizable amongst the entire
population. Additionally, there may be a ceiling effect with
the ASA classification as used. For instance, if a patient
has chronic obstructive pulmonary disease (COPD), the pa-
tient may be declared an ASA III. However, that same pa-
tient with COPD may also have pneumonia and still be de-
clared an ASA III. These patients appear equivalent on the
surface, but one patient is clearly “sicker.” One could rea-
sonably assume the patient with COPD and pneumonia is
more likely to be admitted to medicine and ultimately stay
longer. These circumstances may account for some of the
increased length of stay of an ASA III on a non-Orthopaedic
service compared to another ASA III on the Orthopaedic
service. Thus, controlling for ASA score may not account for

all patient-level differences in health status at the time of
admission. Lastly, the financial metrics for these patients
were pulled directly from our university’s accounting de-
partment and are reflected in 2013 dollars. Direct and indi-
rect costs are not entirely objective and uniform across all
health systems; designation of certain costs as direct versus
indirect may vary slightly by institution and may ultimately
slightly affect each variable.

Hip fracture patients admitted to the Orthopaedic ser-
vice are discharged sooner than patients admitted to a non-
Orthopaedic service, even when controlling for ASA score.
As a result, this minimizes overall cost and increases prof-
itability for the health system. In order to minimize un-
necessary cost to the healthcare system, admission to the
Orthopaedic service should be considered as the default op-
tion for hip fracture patients, and institutions should de-
velop clear guidelines as to when a hip fracture patient
should instead be admitted to a non-Orthopaedic service.
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