Clin Orthop Relat Res (2016) 474:222-233
DOI 10.1007/s11999-015-4494-4

Clinical Orthopaedics
and Related Research’

APublication of The Association of Bone and Joint Surgeons®

PN
@ CrossMark

CLINICAL RESEARCH

Dedicated Perioperative Hip Fracture Comanagement Programs
are Cost-effective in High-volume Centers: An Economic Analysis

Eric Swart MD, Eshan Vasudeva BS, Eric C. Makhni MD, MBA,

William Macaulay MD, Kevin J. Bozic MD, MBA

Received: 9 April 2015/ Accepted: 30 July 2015/ Published online: 11 August 2015

© The Association of Bone and Joint Surgeons® 2015

Abstract

Background Osteoporotic hip fractures are common
injuries typically occurring in patients who are older and
medically frail. Studies have suggested that creation of a
multidisciplinary team including orthopaedic surgeons,
internal medicine physicians, social workers, and special-
ized physical therapists, to comanage these patients can
decrease complication rates, improve time to surgery, and
reduce hospital length of stay; however, they have yet to
achieve widespread implementation, partly owing to con-
cerns regarding resource requirements necessary for a
comanagement program.

Questions/Purposes We performed an economic analysis
to determine whether implementation of a comanagement
model of care for geriatric patients with osteoporotic hip
fractures would be a cost-effective intervention at hospitals
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with moderate volume. We also calculated what annual
volume of cases would be needed for a comanagement
program to “break even”, and finally we evaluated whether
universal or risk-stratified comanagement was more cost
effective.

Methods Decision analysis techniques were used to
model the effect of implementing a systems-based strategy
to improve inpatient perioperative care. Costs were
obtained from best-available literature and included salary
to support personnel and resources to expedite time to the
operating room. The major economic benefit was decreased
initial hospital length of stay, which was determined via
literature review and meta-analysis, and a health benefit
was improvement in perioperative mortality owing to
expedited preoperative evaluation based on previously
conducted meta-analyses. A break-even analysis was con-
ducted to determine the annual case volume necessary for
comanagement to be either (1) cost effective (improve
health-related quality of life enough to be worth additional
expenses) or (2) result in cost savings (actually result in
decreased total expenses). This calculation assumed the
scenario in which a hospital could hire only one hospitalist
(and therapist and social worker) on a full-time basis.
Additionally, we evaluated the scenario where the neces-
sary staff was already employed at the hospital and could
be dedicated to a comanagement service on a part-time
basis, and explored the effect of triaging only patients
considered high risk to a comanagement service versus
comanaging all geriatric patients. Finally, probabilistic
sensitivity analysis was conducted on all critical variables,
with broad ranges used for values around which there was
higher uncertainty.

Results For the base case, universal comanagement was
more cost effective than traditional care and risk-stratified
comanagement (incremental cost effectiveness ratios of
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USD 41,100 per quality-adjusted life-year and USD 81,900
per quality-adjusted life-year, respectively). Comanage-
ment was more cost effective than traditional management
as long as the case volume was more than 54 patients
annually (range, 41-68 patients based on sensitivity anal-
ysis) and resulted in cost savings when there were more
than 318 patients annually (range, 238—-397 patients). In a
scenario where staff could be partially dedicated to a
comanagement service, universal comanagement was more
cost effective than risk-stratified comanagement (incre-
mental cost effectiveness of USD 2300 per quality-adjusted
life-year), and both comanagement programs had lower
costs and better outcomes compared with traditional man-
agement. Sensitivity analysis was conducted and showed
that the level of uncertainty in key variables was not high
enough to change the core conclusions of the model.
Conclusions Implementation of a systems-based coman-
agement strategy using a dedicated team to improve
perioperative medical care and expedite preoperative
evaluation is cost effective in hospitals with moderate
volume and can result in cost savings at higher-volume
centers. The optimum patient population for a comanage-
ment strategy is still being defined.

Level of Evidence Level 1, Economic and Decision
Analysis.

Introduction

There are more than 300,000 hip fractures annually in the
United States population, with total treatment costs esti-
mated at more than USD 12 billion [9, 10]. In addition to
the technical surgical challenges attributable to osteo-
porotic bone, many patients with these fragility fractures
are elderly, with multiple comorbidities, and can be diffi-
cult to manage perioperatively from a medical perspective
[3, 18, 20].

Because of the complex medical demands of these
patients, some centers have evaluated the use of a dedi-
cated multidisciplinary service where patients with hip
fractures are comanaged by an orthopaedic surgeon along
with a dedicated internal medicine physician (often refer-
red to as a hospitalist) [22, 24, 39, 52] during their acute
hospitalizations. This model of care also is called “multi-
disciplinary care” or “comprehensive geriatric care”.
There have been multiple comanagement strategies
reported [26], which range from adding one hospitalist to
an existing service to comanage with the orthopaedist [16],
to devoting an entire section of a hospital to specifically
focus on hip fracture care, with staff exclusively dedicated
to that task [60]. The team also may include a group of
dedicated staff including specially trained therapists and
social workers. Of the more successful models, two of the

common features are (1) a shift in focus where both
physicians act as a patient’s primary caregiver as opposed
to the traditional model of admission to a single service
with the other service acting as a consultant, and (2) a
shared goal that common medical and surgical complica-
tions should be anticipated rather than treated after their
occurrence. This approach has decreased complication
rates [5, 17, 22, 45, 64], time from injury until the oper-
ating room [4, 24, 52], hospital length of stay [5, 17, 24, 28,
39, 40, 52, 70], and has improved osteoporosis treatment
[22, 28].

However, restructuring the care system and recruiting
additional medical personnel would require additional
dedicated resources, with associated increased costs. High-
quality economic studies have evaluated the benefits of
directing resources toward the focused goal of reducing
time to the operating room [19] and the benefits of early
initiation of osteoporosis treatment [31, 32, 35]. Addi-
tionally, numerous studies have identified important
predictors of perioperative complications, costs, and mor-
tality [5, 13, 18, 41, 46, 49, 53, 54, 65], suggesting that
different patient populations may have different predis-
posing risk factors, and thus experience different degrees of
benefit from a comanagement system. Although the
financial issues associated with comanagement programs
have been explored [14, 19, 37], to our knowledge no
formal economic analysis based on decision analysis
principles—which can be used to synthesize results over
multiple studies and create generalizable conclusions—has
been performed.

The primary objective of this study was to evaluate
whether implementation of a comanagement model of care
for geriatric patients with osteoporotic hip fractures would
be a cost-effective intervention. We sought to determine
the volume of cases needed and cost parameters in which
comanagement would “break even” (result in cost savings)
or at least be a cost-effective expense. Finally, we evalu-
ated whether a preoperative risk stratification strategy may
help identify patients likely to maximize benefit from the
additional resources necessary for more intensive
comanagement.

Materials and Methods
Study Design

This was an economic decision analysis study conducted
according to the published guidelines [27]. A model was
created evaluating the treatment of geriatric patients (an
average age of 80 years was used for the base case [23, 30,
36, 56]) with osteoporotic hip fractures using (1) admission
to a traditional single service, (2) universal admission to a
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formally comanaged service with a specifically dedicated
geriatric healthcare team (with resources in place to
expedite time to the operating room), or (3) a risk-stratified
model where patients who were high risk and sicker are
assigned to a comanagement service, and patients who are
healthier, with less-complex conditions were admitted to a
lower-cost traditional service. Costs and clinical outcome
probabilities were based on reported values [3, 4, 12, 17,
19, 23, 37, 43, 48]. We used a societal basis for cost cal-
culations, assuming an incremental cost-effectiveness ratio
(ICER) threshold of USD 100,000 per quality-adjusted life-
year (QALY) as a cutoff for cost-effective treatment [8].
The decision tree model was created and analyzed using
decision analysis software (TreeAge Pro; TreeAge Soft-
ware Inc, Williamstown, MA, USA). The broadest
(societal) perspective was used for calculations.
Throughout our analysis, we determined operating
parameters for a comanagement service to be either (1) cost
effective: improved health outcomes but with increased
costs (with cost increase less than our defined ICER cutoff
of USD 100,000 per QALY), or (2) cost saving: improved
health outcomes but decreased costs (dominant strategy).
Our primary goal was to evaluate the cost effectiveness of
a comanagement service under moderate hip fracture vol-
umes, and conduct a break-even analysis to evaluate the
minimum case volume required for a comanagement pro-
gram to be either cost effective or cost saving. This
calculation assumed the scenario in which a hospital could
hire only one hospitalist (and therapist and social worker) on
a full-time basis, with overtime fees paid to expedite pre-
operative evaluation paid on a per case basis. Additionally,
we evaluated a scenario where full-time staff already was
present at the hospital and could be partially dedicated to a
comanagement service based on case volume, with funding
required just to offset that partial time commitment.

Time to Operating Room and Mortality

Dy et al. [19] analyzed the value of various strategies to
reduce time to the operating room for patients with hip
fractures, including the addition of a hospitalist and tech-
nologist to expedite preoperative workup and clearance.
Since this approach was cost effective, we assumed that a
structured comanagement program also would include a
streamlined workup process [19]. Based on their analysis,
we estimated that 30% of the patients would have a delay
more than 48 hours in a traditional system, compared with
10% in a comanaged system with an expedited preopera-
tive workup strategy (risk ratio of operative delay of 0.33)
[19, 57] (Table 1).

In terms of postoperative mortality, we assumed a
baseline 1-year mortality rate of 20% [12, 23, 30, 36, 56,
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57], with a 30% increase in mortality for patients with
operative treatment delayed more than 48 hours, based on
several meta-analyses [48, 57, 59]. The 95% CI of mor-
tality increase was based on the broadest ranges given in
these meta-analyses, and ranged from a 5% to a 49%
increase. Life expectancy after the first year of surgery was
assumed to be 8 years based on US actuarial tables [1, 36].
Other than a direct mortality benefit from an earlier time to
the operating room, we assumed the comanagement system
had no other effects in overall mortality rate [24, 28, 61]
(Table 1).

Costs

Several models of comanagement exist for geriatric
patients with hip fractures, all with different levels of
resource utilization. For our model we used a commonly
reported model, and assumed that the care team would
include an orthopaedic surgeon and a dedicated hospitalist,
along with therapists and social workers specifically des-
ignated to a comanagement team [25, 38, 70]. Surgeon fees
and operating room time and costs were not included in the
analysis as it was assumed that both patients received the
same surgical care regardless of perioperative medical
management strategy.

For analysis, we evaluated the case volume necessary to
justify hiring an entire dedicated team, assuming a full
annual salary for each team member. Salaries were taken
based on reported values [43, 66, 68], which then were
calibrated to contemporary (2015) US dollars based on the
consumer price index [69]. To account for the cost of a
typical benefits package, the total cost for each staff was
increased 25% above their base salary. For our base-case
calculation, we used the approximate median volume in
major US metropolitan areas of 100 cases per year [14].
Additionally, we calculated costs on a per-case basis
assuming each team member was working at their maxi-
mum capacity for use in the scenario where staff could be
dedicated on a part-time basis based on volume and in the
sensitivity analysis. To calculate service capacity, we chose
to use a length of stay of 10 days based on the average
values given in the studies used as inputs in this analysis.
Additionally, although patients with hip fractures are
almost always “cleared” by an internal medicine physician
before operative fixation, we assumed that the major
requirement of time and resources of the hospitalist staff
was in postoperative care, and that their initial clearance
workup did not have any significant associated costs.

Physician salaries are difficult to estimate using tradi-
tional literature review, as physician reimbursement is not
commonly reported in academic literature. Instead, we
used various online sources. The terms “Hospitalist AND
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Table 1. Input values used to calculate cost effectiveness of comanagement program

Description Value Range tested References
Cost
Additional length of stay in hospital (USD/day) 699 400-800 [64, 69]
Annual case volume for base case (cases/year) 125 54-318 [14]
Cost of a comanagement service
Hospitalist annual salary (USD)*™ 268,000 [43, 66, 69]
Dedicated physical therapist annual salary (USD)™ 105,200 [68, 69]
Dedicated social worker annual salary (USD)*" 67,200 [68, 69]
Diagnostic technologist to expedite preoperative workup (USD/case) 58 [19, 50, 68, 69]
Cost per case assuming maximum service capacity (USD/case) 1406 930-1870
Risk reduction with comanagement
Average length of stay (days) 10.6 6-13 [5, 17, 24, 28, 39, 40, 45, 52]
Decrease in length of stay with comanagement (days) 2.28 2.00-2.56 [5, 17, 24, 28, 39, 40, 45, 52]
Baseline percentage of patients with operative delay > 48 hours (%) 30 5-49 [19, 57]
Reduction in 48-hour operating room delay with expedited 0.33 0.1-0.6 [19, 48, 57, 59]
comanagement system (risk ratio)
Preoperative risk stratification
Prevalance of high-risk* patients in study population (%) 74.0 45-92 [18, 53, 54, 71]
Perioperative mortality increase in high-risk patients (odds ratio) 3.6 2.6-4.8 [18, 53, 54, 71]
Average length of stay increase in high-risk patients (%) 28.0 10-40 [13, 18, 49]
Probability of death
Age at the time of fracture 80.0 None [23, 30, 36, 56]
Baseline 1-year mortality if operative delay < 48 hours (%) 20.0 15.0-30.0 [12, 23, 30, 36, 56, 57]
Increase in mortality if operative delay > 48 hours (risk ratio) 1.3 1.05-1.49 [48, 57, 59]
Average life expectancy 14 year after fracture (years) 8.0 5-10 [1, 36]
Quality of life/utility
Utility after surgical repair of hip fracture 0.7 0.63-0.8 [6, 7, 21, 46, 62, 67]

* Defined as American Society of Anesthesiology score of 3 or 4, or Nottingham Hip Fracture Score of 4 or greater; Tincludes an additional 25%

increase to account for benefits.

Salary” were searched though Google (www.google.com),
and sites were screened to identify those reporting the results
of internal, independent surveys. These results were com-
bined with the salary of an internal medicine physician
reported by the US Bureau of Labor Statistics [68] and the
mean result was used, resulting in an average salary of USD
214,400 for the base case, or USD 268,000 after benefits
(Table 2). For calculations of costs on a per-case basis, we
assumed that a hospitalist working in conjunction with an
already-established orthopaedic surgery service infrastruc-
ture could safely cover a census of at least 10 patients at a
time, based on studies of independent hospitalists managing
a census of seven to 12 patients [15, 29, 44]. With an
average length of stay of 10 days, one hospitalist would be
able to handle an annual volume of approximately 350
patients. Along with the regular salary, we assumed an
increase of 20% over the standard salary to cover the work
done during calls for off-hours emergency evaluation to
expedite time to the operating room. These calculations
resulted in a per-case cost of a hospitalist of USD 899.

Table 2. Reported hospitalist salaries

Study or Organization Salary Reference
(USD)

Li (SHM Society of Hospital Medicine) 210,338 [43]

Today’s Hospitalist 231,035 [66]

Kane & Peckham (Medscape) 188,000 [34]

Salary.com 207,851 [55]

SHM Society of Hospital Medicine 252,996 [58]

Payscale.com 194,019 [51]

Medical Group Management Association 240,352 [47]
(MGMA)

US Bureau of Labor and Statistics 190,530 [68]
(internist salary)

Average 214,390

Physical therapist and social worker salaries were based
on national averages from the US Bureau of Labor
Statistics [68], which were USD 84,200 and USD 53,800
respectively (USD 105,200 and USD 67,200 after benefits).
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We estimated that a busy therapist could see at least eight
patients daily, whereas one social worker could manage
approximately 18 patients, which was based on internal
institutional experience. Along with our assumed length of
stay of 10 days, this led to a service capacity of 286 cases
annually and a per-case cost of USD 367 for the physical
therapist. The social worker has a service capacity of 644
cases per year and a per-case cost of USD 82.

Finally, we assumed that an expedited workup for after-
hours cases would be required in 46% of cases [50], and
would require a dedicated technologist with 3 hours of
overtime (150%) wages at a mean wage of USD 28 per
hour [19, 68, 69], adding an additional cost of USD 58 per
case. The total per case costs of all staff were combined for
a total average cost per case of USD 1406. An error esti-
mate of 33% greater or less than that cost was used in the
sensitivity analysis (Table 1).

Complication Rates and Length of Stay

Multiple studies have evaluated how a dedicated coman-
agement service has affected specific postoperative
complication rates (Table 3) and reduced length of stay. In
the current analysis, we assumed that the major financial
benefits of the addition of a comanagement service were
manifest through decreased length of stay. To better
quantify these effects, we conducted a systematic literature
review using PubMed, searching the terms “hip fracture
comanagement” and “hip fracture multidisciplinary care”.
We included studies that evaluated the outcomes of a true
comanagement system, where patients were actively
managed by an orthopaedic team and a medical team
(hospitalist or geriatrician), as opposed to one service
simply being consulted. To be included, the study also had
to have a clear comparator group, usually historical con-
trols in the same institution or direct comparison to a
randomized cohort. The weighted mean difference of

Table 3. Reductions in complication rates with comanagement

Complication Incidence  Relative References
(%) risk

Delirium 5.9-32 0.5-0.64 [22, 46, 70]

Sepsis 6.7 0.54 [22]

Venous thromboembolism 1.3 0.28 [22]

Pneumonia 0.5 0.13 [22]

Intensive care unit 23 0.48 [17]
admission rate

Readmission 7.6 0.27-0.97 [22, 61]

Venous thromboembolism 94 1.49 [22]
prophylaxis

Osteoporosis treatment 69 5.75 [22, 39]
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length of stay and 95% CI was calculated using Review
Manager 5.0 (http://tech.cochrane.org/revman/download),
with length of stay treated as a continuous variable.

The initial PubMed review returned 235 studies, of
which 220 were excluded by title and abstract search, and
an additional seven were excluded after review of full text,
leaving eight studies for inclusion. One study was a level 1
prospective randomized control trial [70], and the
remaining seven were level 3 studies with historical con-
trols [5, 17, 24, 28, 39, 40, 52]. Results of our meta-
analysis showed an average reduction in length of stay by
2.28 days (95% CI, 2.00-2.56 days) (Fig. 1). The cost of a
day in the hospital was based on reported values [64] and
scaled by the consumer price index [69] to USD 699.

Risk Stratification

Different tools to estimate perioperative risk of elderly
patients with hip fractures [11] have been described. For
our model, we conducted a literature review using PubMed
searching the terms “hip fracture mortality risk predic-
tion”, and identified studies which specifically described
two critical factors: (1) odds ratio (OR) of mortality as a
function of risk stratification, and (2) change in length of
stay as a function of risk stratification. We defined “high
risk” as an American Society of Anesthesiologists (ASA)
score of 3 or 4 and Nottingham Hip Fracture Score of 4 or
greater.

Of the 65 studies returned by our search, we identified
four that calculated the OR for perioperative mortality [18,
53, 54, 71] as a function of risk status. The individual ORs
reported were 4.78 [54], 4.21 [18], 2.81 [71], and 2.58 [53],
and were combined to generate a mean OR of 3.6, which
was used for the base case in the model, although the
extreme ranges (2.58 and 4.78) were included in the sen-
sitivity analysis. In those studies, the prevalences of high-
risk patients were 92% [53], 86% [54], 73% [18], and 45%
[71], and an average value of 74% was used, with the range
of 45% to 92% used in the sensitivity analysis.

Similarly, we identified three studies that found a corre-
lation between length of stay and preoperative risk
assessment [13, 18, 49]. The three studies reported increased
length of stay in higher-risk patients of 40% [49], 35% [13],
and 10% [18], and an average increased length of stay of
28% for high-risk patients was used for the base case, with a
range of 10% to 40% used in the sensitivity analysis.

Sensitivity Analysis

Sensitivity analyses were performed on all the variables
(Table 1) to evaluate their effect on the model’s results.
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Comanagement Standard Care Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Boddaert et al. 2014 11 4 203 13 5 131 3.2% -2.00[-3.02,-0.98]
Della Rocca et al. 2013 71 04 115 9.9 1.725 3N 8.9% -2.80[-3.41,-219] I
Friedman et al. 2009 46 33 193 8.3 63 121 2.3% -3.70[-4.92,-2.48)
Gregersen et al. 2012 13 146 233 15 146 262 50.4% -2.00[-2.26,-1.74) =
Kates et al. 2011 44 26 193 6.3 26 586 18.7% -1.90[-2.32,-1.48) =
Khasraghi et al. 2005 5.¢ 3 255 8.1 3 255 12.3% -2.40[-2.92,-1.88] ——
Phy et al. 2005 8.4 6 83 106 9 82 06% -2.20[4.54,014)
Vidan et al. 2005 16 3 155 18 55 164 3.6% -2.00[-2.97,-1.03]
Total (95% Cl) 1430 1632 100.0% -2.14[-2.32,-1.96]
Heterogeneity: Chi*=14.29, df=7 (P = 0.05), F=51% t p t

Test for overall effect: Z= 22.96 (P < 0.00001)

-4 -2 0 2 4
Favors Comanagement  Favors Standard Care

Fig. 1 A forest plot and meta-analysis of the literature shows the reduction in length of stay after implementation of a comanagement protocol,

with an average reduction in length of stay of 2.28 days (95% CI, 1.

We evaluated three different scenarios for the effect of
volume on cost effectiveness: (1) that of a high-volume
center (determined by the cost-saving component of the
break-even analysis), (2) a middle-volume center, based on
the median annual hip fracture volume seen in US
metropolitan areas [14], and (3) a lower-volume center
(determined by the cost-effective component of the break-
even analysis). In that analysis, a given annual case volume
was set, and all other parameters were allowed to randomly
vary within 95% Cls, and a Monte Carlo simulation was
used to determine the odds of a given strategy being pre-
ferred over a range of incremental cost-effectiveness ratios
(generating a result known as an “acceptability curve”).

Additionally, to determine the preferred strategy
between universal and risk-stratified comanagement, a
multiway sensitivity analysis was performed to evaluate
the combined effects of cost of comanagement, prevalence
of patients at high-risk in the fragility hip fracture popu-
lation, increased mortality in high-risk patients, and
increased costs (length of stay) in patients considered high
risk.

Results
Base case and break-even analysis

For the base case universal comanagement was the most
cost-effective strategy. Using an annual volume of 100
patients), a traditional service had a total cost of USD 7409
and a QALY gain of 4.38, risk-stratified comanagement had
a cost of USD 9467 and a QALY gain of 4.44, and universal
comanagement had a cost of USD 10,286 per case and a
QALY gain of 4.45. We found improved outcomes at a cost
of USD 41,000 per QALY compared with traditional
comanagement, and USD 81,900 per QALY compared with
risk-stratified comanagement. Varying volume, a hospital
adopting comanagement would need to see a total annual

96-2.32). IV = interval value.

volume of 54 fractures per year to be cost effective and 318
fractures per year to result in cost savings (Fig. 2).

In the scenario with part-time staff and salary accounted
for proportionately to the number of hip fractures, universal
and risk-stratified comanagement provided lower costs and
better health outcomes than traditional management. A
traditional service had a total cost of USD 7409 and a
QALY gain of 4.38, risk-stratified comanagement had a
cost of USD 7199 and a QALY gain of 4.44, and universal
comanagement had a cost of USD 7222 per case and a
QALY gain of 4.45. Universal comanagement was more
cost effective with an incremental cost effectiveness ratio
of USD 2300 per QALY.

Sensitivity Analyses

Probabilistic sensitivity analysis was conducted at three
different case volumes: 54 cases per year at a low-volume
center, 100 per year at a middle-volume center, and 318 per
year at a high-volume center (Fig. 3). A high-volume
center was cost effective for all scenarios. A middle-vol-
ume center was more likely to be cost effective for most
scenarios when the willingness to pay (ICER threshold)
was greater than USD 40,000 per QALY. The low-volume
center was more likely to be cost effective when the ICER
threshold was at or greater than USD 100,000 per QALY.
Evaluating the overall cost of a comanagement program
in a one-way sensitivity analysis, once the cost increased to
USD 1282 per case, a risk-stratified strategy became less
expensive, and once the cost increased to more than USD
1627, traditional management became less expensive.
However, although slightly more expensive, a risk-strati-
fied comanaged strategy was still cost effective (less than
USD 100,000 per QALY) until the cost of comanagement
increased to more than USD 10,000 per case (Fig. 4).
Length of stay benefit of a comanagement program
showed a similar trend. Comanagement was less expensive
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Fig. 2 The incremental cost-effectiveness ratio (ICER) is shown as a
function of total annual patient volume. At more than 54 patients
annually, the program becomes cost effective (ie, the ICER decreases

below the threshold of USD 100,000 per QALY). For more than 318
cases annually, it becomes cost saving. QALY = quality-adjusted life-
years.

0.9 4

0.8

0.7 4
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0.3
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Probability of Comanagement Being Cost Effective (%)

== High Volume (318 cases / year)

=== Middle Volume (100 cases / year)

@ | oW Volume (54 cases / year)

0 20,000 40,000 60,000 80,000
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Willingness to Pay (USD/QALY)

Fig. 3 Acceptability curve results of probabilistic sensitivity analysis
show that at high volume centers, comanagement is the preferred
option for all levels of willingness to pay. For middle-volume centers,
comanagement is more likely preferred when the willingness to pay is

than traditional management provided the length of stay
benefit was 1.8 days or greater. For all length of stay
benefits, universal comanagement was the most cost-ef-
fective strategy (Fig. 5).

For all values of costs, mortality increase, length of stay
increase, and prevalence of high-risk patients, universal
comanagement was the most cost-effective option.
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greater than USD 40,000 per QALY, whereas for low-volume centers,
comanagement is preferred only when willingness to pay is greater
than USD 100,000 per QALY. QALY = quality-adjusted life-years.

Discussion

Hip fractures in geriatric patients are common injuries that
are managed routinely by orthopaedic surgeons, and the
number of these injuries are likely to increase with an aging
population. Therefore, critical analysis of the costs of care is
necessary in optimizing utilization of available medical
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Fig. 4 The estimated cost (per case) to implement a comanagement
program and its effect on incremental cost-effectiveness ratio (ICER)
are shown. For low-cost programs (less than USD 1200 per case),
universal comanagement is less expensive and more -effective
(dominant, ICER is negative). Universal comanagement remains cost

70,000

effective (less than USD 100,000 per QALY) at more than USD 1200
until the cost increases to greater than USD 3600 per case, at which
point a risk-stratified comanagement system is cost-effective as long
as the cost of comanagement is less than USD 10,000 per case. QALY
= quality-adjusted life-years.
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Fig. 5 The projected improvement in length of stay (LOS) for
implementation of a comanagement system and its effect on
incremental cost-effectiveness ratio (ICER) are shown. For an
improvement in LOS greater than 1.8 days, comanagement strategies
save money while improving outcomes (ie, dominant), therefore the

resources. Although there have been economic analyses
evaluating the experience at a single institution, to date no
analysis, to our knowledge, has combined data across
multiple studies and institutions to generate conclusions and

ICER becomes negative. Even without any improvement in LOS (0
days), universal comanagement and risk-stratified comanagement
show improved health outcomes and are still cost effective, with
ICERs well below the cost-effectiveness threshold of USD 100,000
per QALY. QALY = quality-adjusted life-years.

guidelines that can be broadly applied to multiple hospitals
of various sizes and costs structures. Our analysis shows
that the effect of creating a dedicated comanagement ser-
vice is encouraging: hospital length of stay decreases (likely
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secondary to broadly decreased minor complications), and
mortality improves. In addition, despite substantial attention
given to implant choice as an area of potential cost containment,
the savings resulting from a change in management strategy can
be larger than those relating to implant choices [63].

The results of our base-case and break-even analyses
show that for hospitals with at least moderate volume (54
cases per year), comanagement is a cost-effective use of
resources. For high-volume centers (3004 cases per year),
it can result in cost savings. An analysis of hip fracture
volume in a major metropolitan area showed that approx-
imately 85% of patients with hip fractures are treated in
centers that have at least 50 cases annually, and 23% of
patients with hip fractures are cared for in centers that treat
least 200 cases annually [14], so these results should be
applicable in a large number of hospitals.

The decision between universal comanagement and
selective triaging of only patients considered to be high
risk to a more resource-intense comanagement system is
less clear. Some studies considered a model of universal
comanagement [17, 24, 38, 52, 70], although two studies
[2, 33] evaluating more general patient populations sug-
gested that there may be a diminished benefit of
comanagement in a younger, healthier patient population.
The results of our analysis suggest that both methods are
reasonable, cost effective, and generally preferable to tra-
ditional single-service management. The ideal strategy will
remain a function of the risk-stratification system used,
specific costs, and patient population present at each
institution. To more efficiently allocate resources, future
research will be needed to clarify how to more accurately
triage patients and which patients benefit most from
comanagement.

To improve the confidence in these results, we attemp-
ted to use extremely broad sensitivity analysis whenever
there was a high degree of uncertainty regarding any given
variable (eg, length of stay, salary). Despite high degrees of
uncertainty with some variables, probabilistic sensitivity
analysis has shown comanagement to be reliably cost
effective at most hospital volumes over a large range of
incremental cost-effectiveness ratios. Additionally, the
model was designed conservatively, with assumptions
intentionally biased against the comanagement model. For
example, reductions in complications (delirium, sepsis,
pneumonia) were not modeled individually as it was
thought that the net decrease in length of stay shown across
multiple studies likely resulted from the aggregate sum of
these smaller effects and adequately captured the benefit of
a comanaged service without exaggerating it. However, it
is likely that these decreased complications would have
other financial benefits beyond length of stay. As an
example, delirium rates have been shown to be lower with
direct hospitalist involvement [22, 45], and there are
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known additional costs associated with delirium beyond
increased length of stay [42]. As our definition of quality of
care and value in this patient population continues to
evolve, we believe it is likely other benefits of coman-
agement will be identified beyond reduction in length of
stay. In addition, we assumed a 10-day length of stay,
although the US average is likely lower than that.
Decreasing length of stay would effectively increase the
service capacity of a given staff member and thus decrease
their per-case costs, which would tilt the results in favor of
comanagement. Finally, there may be regulatory advan-
tages from achieving certification in hip fracture care
through organizations such as the Joint Commission on
Accreditation of Healthcare Organizations and the Inter-
national Geriatric Fracture Society that we have not
included in this analysis, which may provide further
financial benefits that we did not account for in this
analysis.

Our analysis also only considered the effect of a hip
fracture service on the immediate perioperative period, and
did not account for the future downstream benefit of
increased initiation of osteoporosis treatment, which has
been shown to be better in a comanagement model [22, 28]
and also to be net cost effective [31, 32, 35], but this is a
much more remote benefit. Additionally, although a few
studies have reported improved readmission rates with
comanagement [5, 39], others have reported no change [17,
24, 28, 52]. We chose not to include a decreased read-
mission rate in our analysis, although a decreased rate
would decrease the costs seen in the comanagement strat-
egy and make it even more favorable.

The main limitation of our analysis is that the level of
evidence of most of the studies evaluating implementation
of a comanagement service is relatively low (usually ret-
rospective data compared with historical controls). Ideally,
future prospective randomized studies could be conducted
to validate these results, although this historically has been
logistically challenging to conduct. However, these results
held true over a broad range of sensitivity analyses, which
is encouraging.

Another important consideration is that the mortality
benefit of early surgery remains controversial [4]. However,
we accounted for this by conducting a broad sensitivity
analysis using confidence intervals shown across several
meta-analyses [48, 57, 59], which shows that these results
are consistent over a reasonable range of values for mor-
tality benefit in patients who are brought to the operating
room earlier. However, this may not necessarily mean that
interventions that shorten time to the operating room actu-
ally improve mortality. If that benefit were removed, then
the value of a comanagement program would become
strictly economic (in terms of decreased length of stay), and
then comanagement would be the preferred option only in
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the scenarios described in this analysis as “cost saving” or
“dominant” (vs cost effective).

Finally, determination of costs is also a challenging and
important contributor to uncertainty. Hospitalist salaries
were particularly difficult to estimate, as they are sparsely
described in the literature. Instead, we were forced to rely
on alternative (web-based) sources for salary. However,
they were in a generally similar range, and consistent with
US Bureau of Labor and Statistics reports, and were tested
with broad sensitivity analysis to account for this uncer-
tainty. Most of the costs used were based on US published
literature, and as such these results are most directly
applicable to the US market. Although we attempted to
keep sensitivity analyses broad with large confidence
intervals, these results may not be as directly applicable to
other healthcare systems where hospital stays generally are
longer and inpatient rehabilitation and nursing homes are
less common (eg, Europe, Asia).

The results of our study support the formation of a formal
osteoporotic fragility fracture team that includes a dedicated
hospitalist, physical therapist, and social worker to coman-
age medically frail patients alongside orthopaedic surgeons
in centers that see a moderate to high volume of patients with
hip fractures. The effectiveness of universally sending all
patients with osteoporotic fractures to such a service versus
only patients considered to be higher risk is less clear, but
our analysis suggests that with either strategy of multidis-
ciplinary care, complication rates and length of stay improve
while mortality can be reduced in a cost-effective manner.
Future prospective trials should focus on validating these
benefits, but this represents a promising systems change that
may improve patient care while containing costs.
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