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Abstract
Introduction: Hip fractures are common in the elderly patients with an incidence of 320 000 fractures/year in the United States,
representing a health-care cost of US$9 to 20 billion. Hip fracture incidence is projected to increase dramatically. Hospitals must
modify clinical models to accommodate this growing burden. Comanagement strategies are reported in the literature, but few
have addressed orthopedic-hospitalist models. An orthopedic-hospitalist comanagement (OHC) service was established at our
hospital to manage hip fracture patients. We sought to determine whether the OHC (1) improves the efficiency of hip fracture
management as measured by inpatient length of stay (LOS) and time to surgery (TTS) and (2) whether our results are comparable
to those reported in hip fracture comanagement literature. Methods: A comparative retrospective–prospective cohort study of
patients older than 60 years with an admitting diagnosis of hip fracture was conducted to compare inpatient LOS and TTS for hip
fracture patients admitted 10 months before (n ¼ 45) and 10 months after implementation (n ¼ 54) of the OHC at a single
academic hospital. Secondary outcome measures included percentage of patients taken to surgery within 24 or 48 hours, 30-day
readmission rates, and mortality. Outcomes were compared to comanagement study results published in MEDLINE-indexed
journals. Results: Patient cohort demographics and comorbidities were similar. Inpatient LOS was reduced by 1.6 days after
implementation of the OHC (P ¼ .01) without an increase in 30-day readmission rates or mortality. Time to surgery was
insignificantly reduced from 27.4 to 21.9 hours (P ¼ .27) and surgery within 48 hours increased from 86% to 96% (P ¼ .15).
Discussion: The OHC has improved efficiency of hip fracture management as judged by significant reductions in LOS with a trend
toward reduced TTS at our institution. Conclusion: Orthopedic-hospitalist comanagement may represent an effective strategy
to improve hip fracture management in the setting of a rapidly expanding patient population.
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Introduction

Hip fractures remain one of the most common injuries hospi-

talizing elderly patients and present significant morbidity and

mortality in this age demographic. Worldwide, an estimated

1.6 million older adults sustain hip fractures each year, with

320 000 occurring in the United States alone.1 The annual cost

of treating these injuries in the United States is an estimated

US$9.2 billion in hospital costs, with overall costs in excess of

US$20 billion.2-4 With an expanding geriatric population, over-

all costs may reach US$240 billion by the year 2040.5 Popula-

tion growth models and analysis of past hip fracture trends6

predict hip fracture incidence to exceed 450 000 per year by

2040 (Figure 1). In order to accommodate this growing

health-care burden, hospitals must modify clinical operations

to minimize perioperative complications and improve efficiency

of management.

There are already attempts in place to streamline care in this

enlarging subgroup of patients in order to maximize efficiency

without sacrificing quality of care.7 Comanagement strategies

combining orthopedic and medicine subspecialty services have

received increasing attention as a means to improve hip
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fracture treatment in elderly patients. Admitting these patients

to a service comanaged by orthopedic surgeons and general

medicine, hospitalists, or geriatricians may optimize perio-

perative treatment of comorbidities and reduce inpatient

length of stay (LOS) as well as patient morbidity and mortal-

ity.8 Some data suggest these programs may decrease the

length of hospital stay in the hip fracture patient population.9

However, literature on the efficacy of these comanagement

strategies for hip fracture patients has reported mixed

results.3,10-16

At our institution, patients presenting with isolated hip frac-

tures have traditionally been admitted to the general medicine

service with orthopedic consultation for definitive surgical

management. Review of administrative data found inpatient

LOS for these patients to be unacceptably high, and as a result,

a combined orthopedic-hospitalist comanaged (OHC) hip frac-

ture service was implemented to reduce LOS and improve

patient-centric value. The current investigation’s aim was to

(1) identify the effects of a combined orthopedic-hospitalist

service on hip fracture management by assessing inpatient LOS

and time to surgery (TTS) as primary outcomes before and after

implementation of the OHC at a single academic hospital and

also (2) to review the existing hip fracture comanagement clin-

ical practice models described in the literature, with compar-

isons to our own experience. We hypothesized that the OHC

would effectively reduce LOS and TTS measures and improve

hip fracture management.

Methods

The OHC service was launched at our institution with the goal

of improving the management of adult hip fractures. Previ-

ously, patients presenting to the emergency department with

a hip fracture were admitted to the general medicine service

unless: (1) preexisting comorbidities, such as heart failure, dia-

lysis, or advanced dementia necessitated admission to a med-

ical subspecialty service or (2) concurrent polytrauma or

developing pathology required intensive care unit (ICU)-level

care. In all cases, orthopedics was consulted for definitive sur-

gical management of the hip fracture. After implementation of

the OHC service, these patients previously admitted to general

medicine were now admitted to orthopedics under the care of

an orthopedic surgeon and a hospitalist physician who both

round on these patients daily. All medical comorbidities, evol-

ving medical pathology on the floor and preoperative medical

clearance are evaluated and managed by the hospitalist. The

orthopedic team is responsible for surgical management and

disposition planning. Both the hospitalist and orthopedist round

on the patient daily to determine medical clearance, optimal

timing of surgery, anticipate potential complications in the

perioperative period, and facilitate appropriate discharge plan-

ning postoperatively. Consensus decisions are made through

regular communication between providers starting at the time

of consultation in the emergency department. Once cleared for

surgery, patients are posted for surgery via a preexisting hip

fracture protocol when the case request is made before 7 AM of

the operative day. This ensures the case is prioritized and will

not be delayed by other emergent trauma that may come in the

day of surgery.

The section on hospital medicine consists of 40 internal

medicine trained faculty, 15 of whom share OHC service

responsibilities. Of these 15 providers, 4 are geriatricians. All

are well versed on the philosophy, goals, and responsibilities of

the orthopedic and hospitalist services, which are clearly out-

lined in a detailed protocol distributed to all providers, which

has a strong emphasis on regular communication directly

between providers at the start of each day. Hospitalists attend

a monthly lecture series addressing perioperative management

of orthopedic patients. Several iterations of the standardized

OHC protocol have been published. Protocols are continually

revised by the clinical director of orthopedics and the section

head of hospital medicine after concerns or deficiencies are

identified in the model. The most recent version details the

agreed service exclusion criteria for admission, the specific

order sets to be used, required preoperative laboratory tests,

and the individual steps of how to engage both services and

obtain medical clearance. Service responsibilities are subdi-

vided to specify who manages pain, deep vein thrombosis pro-

phylaxis, rehabilitation, surgical site care, and blood

transfusions (orthopedics) versus who manages perioperative

risk calculation, medical comorbidities, calling subspecialty

consults, treatment dose anticoagulation, and ordering daily

laboratory tests (hospitalist). Discharge summaries are shared

between services with medicine and orthopedic subsections for

ease of documentation.

To identify changes in hip fracture management attributable

to the OHC, a comparative cohort study of patients admitted

before and after implementation of the OHC service was con-

ducted using inpatient LOS as the primary outcome and TTS,

30-day readmission rates, and mortality as secondary out-

comes. The retrospective arm of the study included hip fracture

patients admitted to general medicine during the 10 months

prior to OHC implementation, whereas the prospective arm

of the study collected information on patients admitted to the

Figure 1. Hip fracture incidence by year. Analysis of past hip fracture
incidence combined with population growth models predict hip frac-
ture incidence to reach 450 000 by the year 2040. Data adapted from
Brown et al.6
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OHC during the 10 months after service implementation. All

patients admitted through the emergency department with a

primary diagnosis of hip fracture were identified. To focus

on the described geriatric hip fracture population, only patients

60 years and older were included in the study. High-energy

trauma patients and patients requiring ICU level care for life-

threatening conditions, dialysis, or subspecialty admission

were also excluded from the study as these patients were never

eligible for admission to a general medicine service or the OHC

service. Patient cohort characteristics were compared by age,

body mass index, gender, prior residence (home, assisted living

facility, etc), The American Society of Anesthesiologists

(ASA) classification, fracture type, operation type, anesthesia,

and operative duration.

Time to surgery and LOS were calculated in hours mea-

sured from the time of arrival in the emergency department to

the time of surgery and discharge, respectively. Measures

were converted into whole days for comparison of LOS. For

TTS and percentage of patients taken to surgery within 24 or

48 hours, metrics were maintained in hours. Medical record

documentation of patient death was used to determine patient

mortality as this is routinely updated in our medical record

system based on patient attendance of postoperative visits,

which are scheduled to 1 year postoperatively. Continuous

variables are reported as the average + standard error of the

mean and were compared between groups using independent

samples t test with an a ¼ .05 to determine statistical signifi-

cance. Categorical variables are reported as percentages and

compared with Fisher exact tests. All study protocols and

research methods were reviewed and approved by the institu-

tional review board.

Results

During the 10 months prior to OHC implementation, 116

patients were admitted with a primary diagnosis of hip

fracture. Of the 87 patients who met the inclusion criteria,

45 (52%) remained after applying exclusion criteria and

were admitted to the general medicine service (mean age:

79.5 years; range: 60-102 years; 68% female). During the

10 months after OHC implementation, 172 patients were

admitted with a primary diagnosis of hip fracture. Of the

116 patients who met the inclusion criteria, 54 (47%)

remained after applying exclusion criteria and were admit-

ted to the OHC service (mean age: 80.1 years; age range:

60-98 years; 71% female). Patients were most commonly

excluded for high-energy trauma requiring admission to a

trauma or ICU-level service and age <60 years. A number

of patients met the inclusion criteria but were not admitted

to the general medicine or OHC services. The most com-

mon reason for this was necessity of a medical subspecialty

service. Patient with advanced dementia were commonly

admitted to a specialized, closed geriatrics unit, and patients

with renal failure, evolving sepsis, stroke, or cardiac pathology

were admitted to their respective subspecialty services. Com-

parison of baseline demographics and comorbidities showed

no difference between the retrospective general medicine

group and the prospective OHC group (Table 1). Further

analysis of operative parameters demonstrated no significant

difference in ASA status, operative duration, estimated

blood loss, fracture type, procedure type (arthroplasty or

internal fixation), or anesthesia type (general or regional)

between the general medicine group and the OHC group

(Table 2).

The average inpatient LOS on the general medicine ser-

vice was 8.16 + 0.56 days (range: 2.5-19.3 days), which

decreased significantly to 6.56 + 0.31 days (range: 2.7-11.9

days) after OHC implementation (P ¼ .01; Figure 2). The

average TTS for patients on the general medicine service

was 27.43 + 4.5 hours (range: 2.0-142.0 hours), which

decreased to 21.94 + 1.8 hours (range: 2.0-67.0 hours) after

OHC implementation, but this difference was not significant

(P ¼ .25; Figure 3). Patients were taken to the operating

room within 24 hours (P ¼ 1.0) of presentation in similar

number of cases between cohorts. More patients were taken

to the operating room by 48 hours after OHC implementa-

tion, but this difference was also not significant (P ¼ .15;

Table 3). Thirty-day readmission rates (P ¼ .72) and mor-

tality rates (P ¼ .80) did not differ when comparing patients

Table 1. Cohort Demographics and Comorbidities.

General Medicine
(n ¼ 45)

Orthopedic-
Hospitalist

Comanagement
(n ¼ 54)

P
Value

Mean age (range) 79.6 years (60-102) 80.1 years (60-98) .79
Female 68% 71% .82a

Body mass index 24.37 + 0.85 kg/m2 24.86 + 0.80 kg/m2 .68
Race .81a

White 91% 90%
Black 7% 8%
Hispanic 2% 0%
Other 0% 2%

Prior residence .23a

Independent 80% 92%
Assisted living 4% 2%
Nursing facility 16% 6%

Comorbidities .43a

Coronary
artery disease

32% 25%

Diabetes 20% 25%
Hypertension 55% 71%
Hyperlipidemia 25% 14%
COPD 18% 29%
Atrial fibrillation 16% 20%
Chronic kidney

disease
14% 6%

Congestive
heart failure

11% 8%

Osteoporosis
(known)

27% 18%

Hypothyroidism 21% 8%

Abbreviation: COPD, chronic obstructive pulmonary disease.
aFisher exact test.
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admitted to general medicine against patients admitted to

the OHC service (Table 3).

Discussion

Our investigation compared hip fracture management before

and after implementation of a combined OHC service. Our

experience showed that the OHC service significantly

reduced inpatient LOS by 1.6 days without an increase in

readmission rates and demonstrated an insignificant decrease

in TTS.

A number of studies have examined multidisciplinary care

in hip fracture management, but few have specifically

addressed OHC. In these models, emphasis is placed on col-

laboration, improving communication between treatment

teams, and a protocol-driven practice to improve care and

efficient utilization of resources.17 Phy et al reported on their

experience with an orthopedic-hospitalist model at the Mayo

Clinic14 where patients were previously triaged to a teaching

medicine or orthopedic service, representing 23 different ser-

vices. Under their new model, hip fracture patients were

Table 2. Cohort Operative Parameters Comparison.

General Medicine
(n ¼ 45)

Orthopedic-
Hospitalist

Comanagement
(n ¼ 54)

P
Value

ASA status .19a

2 11% 2%
3 64% 73%
4 25% 25%

Operative duration 112 + 7 minutes 112 + 8 minutes .97
Estimated blood

loss
217.8 + 24.5 mL 212.5 + 21.3 mL .87

Fracture type .96a

Intertrochanteric 54% 57%
Femoral neck 39% 36%
Subtrochanteric 7% 6%

Procedure type .64a

Arthroplasty 27% 23%
Internal fixation 73% 77%

Anesthesia type .15a

General 41% 56%
Regional 59% 44%

aFisher exact test.

Figure 2. Inpatient length of stay. Length of stay was measured in
hours from the time of arrival to the emergency department until the
time of discharge and converted to days. Values are reported as the
mean + standard error of the mean.

Figure 3. Time to surgery. Time to surgery was measured in hours
from the time of arrival to the emergency department until the
time when surgery was started. Values are reported as the mean +
standard error of the mean.

Table 3. Cohort Secondary Outcome Measures.

General
Medicine
(n ¼ 45)

Orthopedic-
Hospitalist

Comanagement
(n ¼ 54)

Fisher
Test

Surgery within
24 hours

66% 68% P ¼ 1.00

Surgery within
48 hours

86% 96% P ¼ .15

Mortality P ¼ .80
In-house 0% 0%
90-day 5% 6%
12-month 9% 12%

30-day readmission
rate

6.8% 10% P ¼ .72

174 Geriatric Orthopaedic Surgery & Rehabilitation 7(4)



admitted to the teaching orthopedic surgery service coma-

naged by hospitalists. The authors reported a significant

reduction in LOS (10.6 to 8.4 days) and TTS (38 hours to

25 hours), with significantly more patients going to surgery

within 24 hours of presentation (47.5%-72.6%). Readmission

rates decreased significantly as well. The authors attributed

these successes to improved coordination of patient care and

decreased variability in admission. Roy et al also documented

improvements in hip fracture management after introduction

of hospitalist-coordinated care to a community-based aca-

demic medical center.18 Median LOS was reduced from 6 to

5 days, and the percentage of patients taken to surgery within

24 hours of presentation improved significantly (11% vs

32%). They attributed the improvements to the increased

availability of hospitalists to discuss treatment plans with

patients and families.

The majority of recent hip fracture comanagement litera-

ture has been conducted under an orthopedic-geriatric model,

and published results have shown mixed effects. Khan et al,

Wagner et al, and Dy et al found no difference in LOS or TTS

with orthogeriatric comanaged care.10,16,19 In Australia,

Fisher et al followed one of the largest cohorts of hip fracture

patients admitted to orthopedic-geriatric cocare and also

reported no improvement to inpatient LOS in comparison to

orthopedic-only care.11 However, they did find significant

improvements in mortality, 6-month readmissions, and post-

operative medical complications. They concluded that LOS

does not accurately reflect quality of overall care and sup-

ported use of combined orthopedic-geriatric management.

Most investigations however have found positive results with

combined care. Earlier cohorts reported by Koval et al,20

Khasraghi et al,21 Vidan et al15 as well as more recent cohorts

reported by Della Rocca et al3 and Leung et al all found

improvements in inpatient LOS, TTS, and mortality with ger-

iatric comanagement.

The University of Rochester has a well-documented long-

itudinal experience with orthopedic-geriatric care.12,22-24

Implementation of the Geriatric Fracture Center (GFC) in

2004 significantly reduced inpatient LOS, TTS, and medical

complications, including infection.12 Recent study of their 758

patient GFC cohort reported a 4.3-day LOS, a 10.8% 30-day

readmission rate, and a 24.1-hour average TTS.23 Success of

the GFC is largely attributed to its founding principles, which

focus on prioritizing early surgery, improving communication

with comanagement partners, standardizing protocols, and

early discharge planning.

Since introduction of our OHC model, an encouraging data

point, although insignificant, is the reduced TTS and improve-

ment in the proportion of patients taken to the operating room

within 24 to 48 hours of presentation. A number of studies

have identified early surgical intervention as a significant prog-

nostic factor in outcomes for patients presenting with hip

fractures.25-27 It was not feasible to accurately measure time

to medical clearance in this investigation, but we believe that

preoperative medical optimization has improved with the

OHC, allowing us to expedite operative intervention. Having

the patients admitted to the orthopedic floor provides access to

physical therapists who routinely work exclusively with ortho-

pedic patients and accelerate discharge planning. Our 30-day

readmission rates remained stable and do not suggest that the

reduction in LOS resulted from premature patient discharge.

Previous reports estimate that hospital care represents 44% of

the direct costs associated with hip fractures,22 with average

inpatient hospitalization costs an estimated US$699/day.28 It

is reasonable to assume that by reducing inpatient LOS by

1.6 days, we have significantly reduced inpatient cost of hip

fracture care at our hospital. Admitting patients to a primary

orthopedic service has also streamlined postoperative referrals

to our outpatient fracture liaison service for management of

bone health and prevention of fragility fractures.29 Although

the downstream financial savings associated with early initia-

tion of osteoporosis treatment is unclear, it is reasonable to

assume that we can help prevent additional fragility fractures

with early intervention.28

Our average inpatient LOS of 6.56 days remains above

averages reported in a number of studies. One study reported

the national average LOS at 6.2 days,5 whereas another study

examining average inpatient LOS from the state of New York

database Statewide Planning and Research Cooperative System

(SPARCS) reported that LOS for hip fractures over an 11-year

period dropped from 12.9 days in 2000 to 5.6 days by the end of

2011.30 We have noticed that one of the greatest barriers to

expedite patient discharge at our facility has been arranging

appropriate placement for patients requiring long-term

advanced care with home health nursing or inpatient nursing

facilities. Insurance processing and approval often may delay

discharge by 2 to 3 days.

Several limitations exist in our study. We described our

initial experience with hospitalist comanagement over a rel-

atively short period of time with small sample sizes. Further

study over a longer period of time will be necessary to fully

investigate the effects of our OHC model. However, shorter

study period may help minimize the effects of changes in

faculty structure. Our faculty remained stable throughout the

20 months of our study. Studies conducted over longer peri-

ods cannot exclude effects of hiring more orthopedic trauma

faculty on TTS and LOS. Our study design is somewhat lim-

ited by the large number of hip fractures that were excluded

from the study. As a level 1 trauma center, a number of patient

were excluded for polytrauma and life-threatening conditions

present in addition to a hip fracture. These exclusions were

necessary in order to focus on the geriatric population with

fragility fractures, which still represent the majority of hip

fractures we manage at our institution. A number of patients

meeting initial inclusion criteria were ultimately excluded

from the study because they required admission to medical

subspecialty services. These patients would not have been

eligible for OHC admission and in most cases had signifi-

cantly longer LOS. This would have biased results and made

comparison against the OHC cohort inappropriate. Finally,

our study is constrained by the inherent limitations of retro-

spective study design with respect to the pre-OHC group.
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Conclusion

Since the introduction of an OHC, we have significantly

reduced hip fracture inpatient LOS by 1.6 days and seen

more patients reaching the operating room within 24 to

48 hours of presentation. An OHC service may represent

an effective health-care model to improve the efficiency

of hip fracture treatment. Reducing LOS and TTS reduces

inpatient costs, liberates resources to accommodate larger

patient volumes, and may improve outcomes and patient

satisfaction scores.
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