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Is Scheduled Intravenous Acetaminophen
Effective in the Pain Management Protocol
of Geriatric Hip Fractures?
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Abstract
Background: Hip fractures have significant effects on the geriatric population and the health care system. Prior studies have
demonstrated both the safety of intravenous (IV) acetaminophen and its efficacy in decreasing perioperative narcotic con-
sumption. The purpose of this study is to evaluate the effect of scheduled IV acetaminophen for perioperative pain control on
length of hospital stay, pain level, narcotic use, rate of missed physical therapy (PT) sessions, adverse effects, and discharge
disposition in geriatric patients with hip fractures. Methods: A retrospective review was performed of all patients 65 years and
older admitted to a level I trauma center, who received operative treatment for a hip fracture over a 2-year period. Demographic
data, in-hospital variables, and outcome measures were analyzed. Three hundred thirty-six consecutive fractures in 332
patients met inclusion criteria. These patients were divided into 2 cohorts. Group 1 (169 fractures) consisted of patients
treated before the initiation of a standardized IV acetaminophen perioperative pain control protocol, and group 2 (167
fractures) consisted of those treated after the protocol was initiated. Results: Group 2 had a statistically significant shorter
mean length of hospital stay (4.4 vs 3.8 days), lower mean pain score (4.2 vs 2.8), lower mean narcotic usage (41.3 vs 28.3 mg),
lower rate of PT sessions missed (21.8% vs 10.4%), and higher likelihood of discharge home (7% vs 19%; P � .001). Use of IV
acetaminophen was also consistently and independently predictive of the same variables (P < .01). Conclusion: The utilization of
scheduled IV acetaminophen as part of a standardized pain management protocol for geriatric hip fractures resulted in shortened
length of hospital stay, decreased pain levels and narcotic use, fewer missed PT sessions, and higher rate of discharge to home.
Level of Evidence: Therapeutic level III.
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Introduction

Hip fractures remain a major cause of morbidity and mortality

among the aging population of the United States. According

to the Center for Disease Control, there are 586 000 admis-

sions annually for fractures in people aged 65 or older. Of

these fractures, nearly half, 273 000, were hip fractures,

defined as either femoral neck or intertrochanteric fractures,

excluding pathologic fractures. In addition, of the 324 000

admissions for hip fracture in all age-groups, an overwhelm-

ing 84% were in people aged 65 and older.1 The average

length of hospital stay for this population was over 6 days.1,2

Greater than half of patients with a hip fracture show a mea-

surable decline in functional status after their injury, often

necessitating secondary care facility admission.2-4 The risk

of mortality in an elderly individual 3 months after hip frac-

ture is greater than 4 times that of one without, and the risk

of death at 1 year is twice that of a comparable uninjured

person,3,5,6 and studies have demonstrated that decreased

preoperative function is predictive of increased postoperative

morbidity and mortality, emphasizing the importance of

improved postoperative cognition and exercise for maximiz-

ing functional outcome after a hip fracture.7,8 Estimates of

total cost to the health care system for hip fractures, including
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both hospital and posthospital care, are up to US$30 billion

annually in the United States.2,4,9-11 Despite increased empha-

sis on bone health, given the rapidly increasing elderly popu-

lace, the associated costs of hip fracture care are only

expected to continue to rise.4,9-11

Postoperative pain control remains difficult in the aging

population, and opioid analgesia dominates current pain man-

agement strategies. Pharmacokinetics and pharmacodynamics

are more complex in elderly persons who experience higher

peak effect and longer duration of action of opioids due largely

to decreased renal and hepatic clearance as well as a change in

body composition including an increase in adipose tissue,

decrease in lean body mass, and decrease in total body water.

This puts them at increased risk of respiratory depression, con-

stipation, delirium, pulmonary complications, and overseda-

tion.2,12-17 Despite pain-induced complications such as

delirium, many physicians are reluctant to prescribe opioid

analgesics to elderly patients for fear of potential resultant

opioid-induced adverse effects.12,13 Postoperative pain has

been associated not only with delirium but also with prolonged

bed rest following surgery. These disruptions in physical ther-

apy (PT) and postoperative ambulation lead to a relative

increase in risk of thromboembolism and functional impair-

ment, which in turn may result in significantly longer hospital

lengths of stay, long-term functional impairment, and other

costs.12 Not surprisingly, improved functional outcomes, both

short term and long term, are associated with superior patient

performance in inpatient PT sessions.8,17-19 Any obstacles to

PT participation by either opioid-induced side effects or under-

treated pain will have a deleterious effect on functional recovery.

Many opioid-related adverse drug events occurring in hospitals

led The Joint Commission to publish a Sentinel Event Alert with

opioid use guidelines.20 Evidence-based guidelines do exist for

prescribing opioids in acute and postoperative pain, but numer-

ous studies show that these guidelines are rarely followed and

pain control remains a difficult issue, especially in geriatric

patients.12,21,22 Although caution is warranted in opioid analge-

sia use, compromising adequate pain control for fear of adverse

effects is not recommended. These fears have facilitated the

desire for nonopioid analgesics to be utilized as often as possible.

Traditional nonsteroidal anti-inflammatories (NSAIDs)

and COX-2 inhibitors have been shown to be efficacious in

postoperative pain control but also have their own limitations,

primarily the risk associated with their use in patients with

impaired renal and/or cardiovascular function.23-25 An alter-

native to narcotics and NSAIDs is acetaminophen. Acetami-

nophen has a well-established analgesia profile and a more

reliable bioavailability when administered intravenously ver-

sus orally or rectally26,27 and does not have a significant effect

on kidney function in the postoperative period.24 The safety

and efficacy of its use in patients aged 65 years and older

have been shown to be comparable to that in younger patients

without a need for dosing adjustments.25 Intravenous (IV)

acetaminophen has repeatedly been shown to be a safe and

efficacious analgesic in major orthopedic surgery.26,28-31

Although other studies have successfully demonstrated that

the use of acetaminophen can reduce opioid use in the perio-

perative time period,24,32,33 no published studies have evalu-

ated its effect on patient outcomes.

In June 2012, the hip fracture committee at our institution

adopted the use of scheduled IV acetaminophen in patients

with hip fractures as the standard of care. The aim of this study

was to determine whether the implementation of scheduled

perioperative IV acetaminophen during hip fracture treatment

for those aged 65 and older influenced the following: (1) length

of hospital stay, (2) pain level, (3) narcotic use, (4) rate of

missed PT sessions, (5) adverse effects, (6) gastrointestinal dis-

turbance, and (7) discharge disposition.

Patients and Methods

After Institutional Review Board approval was obtained for

a retrospective comparative cohort study, a search utilizing

Current Procedural Terminology (CPT)34 codes 27235, 27236,

27244, and 27245 was performed. All patients aged 65 years and

older admitted to the orthopedic service at a Level 1 trauma cen-

ter who received operative treatment by 1 of the 6 fellowship-

trained orthopedic surgeons over a 2-year period, from June 1,

2011, through May 31, 2013, were identified. The patients were

divided into 2 cohorts. Group 1 consisted of patients treated for 1

year before the initiation of a standardized IV acetaminophen

pain control protocol on June 1, 2012, and group 2 consisted

of those treated for 1 year after the protocol was initiated. All

other aspects of the geriatric hip fracture protocol remained con-

sistent throughout this 2-year period.

The CPT code search returned 433 consecutive fractures in

425 patients. Ninety-seven fractures were excluded for the fol-

lowing reasons: admission to a nonorthopedic service (55),

subtrochanteric (13), pathologic (8), periprosthetic (8), simulta-

neous orthopedic injuries requiring operative intervention (8

fractures in 7 patients, including simultaneous bilateral hip

fractures in 1 patient), and perioperative death (5). This

resulted in 332 patients with 336 intertrochanteric or femoral

neck fractures (169 in group 1 and 167 in group 2), classified

as Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic

Trauma Association (AO/OTA) 31-A or 31-B.35 Radiographs

were verified by the investigators. Bilateral hip fractures were

included in 4 patients with nonsimultaneous injuries that

occurred at a mean of 11 months (range 5-19) apart. The

patients had a mean age of 82.6 years (range 65-101).

Group 1 received oral acetaminophen as well as a combina-

tion of oral and IV narcotics, all of which were ordered on an

as-needed basis for pain control. Although the specifics varied

from patient to patient, orders for oral acetaminophen were

1000 mg every 8 hours, oral narcotics typically consisted of tra-

madol 50 mg every 6 hours and/or oxycodone 5 to 10 mg every

4 hours, and IV morphine was ordered as 2 to 4 mg every 2 hours.

The standardized pain management protocol at our institution for

group 2 consisted of IV acetaminophen administered to patients

with a hip fracture in 1000-mg increments every 8 hours for a

minimum of 24 hours from the time of admission or until they

were taken to surgery if that time period exceeded 24 hours.
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Throughout that time they were given IV narcotics for break-

through pain as needed, ordered at the same frequency as

group 1. Patients were transitioned to as-needed oral acetamino-

phen and traditional narcotics after the initial time period ended.

Patients also continued receiving IV acetaminophen if they were

unable to tolerate oral medications and/or traditional narcotics.

We performed a retrospective chart review and collected

data for patient demographics (eg, age, body mass index

[BMI], and sex), in-hospital variables (eg, diagnosis, surgical

treatment, time to the operating room, and doses of acetamino-

phen received), and outcome measures (eg, length of stay, total

narcotic usage, pain score, PT sessions missed, discharge loca-

tion, and adverse effects). The primary outcome variable for

our study was length of stay (days from admission to dis-

charge). Pain score was documented using 10-point visual ana-

log scale (VAS) with word descriptors. Mean pain score was

calculated from 4 points in time: the first entry at admission,

6 hours postoperatively, 24 hours postoperatively, and the last

entry before discharge. Narcotic use was calculated by con-

verting all doses of oral and IV opioid narcotics to cumulative

milligrams of morphine-equivalent using equianalgesic tables.36

The percentage of missed PT sessions was calculated as the

ratio of PT sessions missed to the total number of PT attempts.

Gastrointestinal disturbance was determined using the num-

ber of as-needed bowel motility and antiemetic agents used.

Discharge to a secondary care facility was defined as a skilled

nursing facility, subacute rehabilitation, or acute rehabilita-

tion, versus discharge to independent living at home.

A power analysis based on length of stay as the primary out-

come variable indicated that with a ¼ .05 and b ¼ .20, a statis-

tically significant difference would be detected with a sample

size of 284 patients (142/cohort). Descriptive statistics were

completed to provide the mean, standard deviation, range,

percentages, and distribution of variables. Quantitative data,

including length of stay, narcotic use, acetaminophen use,

bowel motility use, antiemetic use, pain score, and hours to sur-

gery, were analyzed using the unpaired t test, while nominal

data, including missed PT sessions and discharge location,

were analyzed using the chi-square test. Quantitative data are

reported as mean + standard deviation, while nominal data are

reported as percentages. Separate multivariate regression anal-

yses were performed using length of stay, pain score, total nar-

cotic usage, and PT sessions missed as dependent variables,

while age, IV acetaminophen use, sex, BMI, time to the oper-

ating room, diagnosis, pain score, and narcotic use were used as

independent variables. A logistic regression analysis was also

performed using discharge location as the dependent variable

and the same independent variables. Multivariate regression

data are reported as the b coefficient, while logistic regression

results are shown as odds ratios and 95% confidence intervals.

Significance for all analyses was assessed at P < .05. Analyses

were performed using SPSS v21.0 (IBM, Armonk, New York).

Results

There was no statistically significant difference in demo-

graphic data (age, sex, diagnosis, surgical treatment, and BMI)

Table 1. Baseline Data: Demographic and In-Hospital Data by
Treatment Group.

Group 1
(n ¼ 169)

Group 2
(n ¼ 167)

P
value

Age, yearsa 83.3 + 8.2
(65-101)

81.8 + 8.0
(66-101)

.08

Sexb .85
Male 45 (27%) 46 (28%)
Female 124 (73%) 121 (72%)

Fractureb .33
Femoral neck 81 (48%) 78 (47%)
Intertrochanteric 88 (52%) 89 (53%)

Surgical treatmentb .81
Arthroplasty 71 (42%) 68 (41%)
Internal fixation 98 (58%) 99 (59)

Body mass indexa 25.2 +6.7
(13.4-57.1)

26.3 + 5.5
(16.1-41.5)

.10

Time from admission to OR,
hoursa

17.1 + 10.8
(1-65)

15.3 + 8.1
(0-56)

.09

Total acetaminophen, dosesa 8.7 + 6.2
(0-35)

9.2 + 5.0
(0-30)

.48

Oral acetaminophen, dosesa 8.5 + 6.3
(0-35)

5.4 + 5.1
(0-27)

<.001*

IV acetaminophen, dosesa 0.2 + 1.2
(0-12)

3.7 (0-12) <.001*

Abbreviations: IV, intravenous; OR, operating room.
aReported as mean + standard deviation (range).
bReported as number (percentage).
*p indicates statistical significance �0.05.

Table 2. Outcome Variables by Treatment Group.

Group 1
(n ¼ 169)

Group 2
(n ¼ 167)

P
value

Length of stay, daysa 4.4 + 3.8
(1.2-13)

3.8 + 1.7
(1.5-11.4)

<.001*

Pain score (VAS scale)a 4.2 + 2.1
(0-9.2)

2.8 + 1.8
(0-7.7)

<.001*

Narcotic use, mg morphine-
equivalenta

41.3 +135.9
(0-189.7)

28.3 + 30.5
(0-204.3)

<.001*

Daily narcotic use, mg/daya 9.6 +.8.1
(0-49.9)

7.8 + 8.7
(0-53.2)

.05*

Bowel motility agents, dosesa 1.0 +.1.4
(0-10)

0.8 + 1.0
(0-4)

.29

Antiemetic agents, dosesa 0.8 +.1.4
(0-11)

0.7 + 1.3
(0-7)

.48

Missed PT sessions, %a 21.8 +121.1
(0-66.7)

10.4 + 17.9
(0-100)

<.001*

Discharge locationb .001*
Home 12 (7%) 32 (19%)
Secondary care facility 157 (93%) 135 (81%)

Abbreviations: VAS, visual analog scale; mg, milligrams; PT, physical therapy.
aReported as mean + standard deviation (range).
bReported as number (percentage).
*p indicates statistical significance �0.05.
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or time from admission to the operating room between the 2

cohorts (Table 1). Oral acetaminophen was significantly less

and IV acetaminophen was significantly greater in group 2

(Table 1). Outcome variables are reported in Table 2, and

group 2 had a statistically significant shorter mean length of

hospital stay, lower mean pain score, lower mean narcotic

usage, lower percentage of PT sessions missed, and higher

likelihood of discharge home instead of to a secondary care

facility. The 2 groups did not show a statistically significant

difference in as-needed bowel motility agent or antiemetic

medication use. Utilization of IV acetaminophen was consis-

tently a statistically significant predictor of decreased length

of stay, decreased pain scores, lower narcotic usage, and

fewer missed PT sessions when controlling for all other vari-

ables (Table 3). More hours to surgery predicted higher

narcotic use and longer length of stay. Younger age was pre-

dictive of increased pain score and narcotic use. Increased

BMI predicted increased narcotic use. Increased narcotic use

predicted increased length of stay. Younger age, IV acetami-

nophen use, male sex, earlier surgery, and lower narcotic use

increased the likelihood of discharge to home with statistical

significance (Table 4).

Discussion

Hip fractures are a common problem in the elderly population

of the United States, having substantial impact, including

patients’ functional decline and economic burden to the health

care system. A vast majority of hip fractures are treated opera-

tively, and opioid-based pain control remains a mainstay in

Table 3. A-D. Regression Analyses.a

(A) Length of stay b coefficient P value (B) Pain score b coefficient P value

Age – .07 Age –0.028 <.001*
IV acetaminophen –0.581 <.001* IV acetaminophen –2.5 .001*
Sex – .16 Sex – .94
BMI – .09 BMI – .84
Time to OR 0.058 <.001* Time to OR – .94
Diagnosis – .93 Diagnosis – .25
Pain score – .76 Pain score X X
Narcotic use 0.009 <.001* Narcotic use – .54

(C) Narcotic Use b coefficient P value (D) Missed PT Sessions b coefficient P value

Age –1.23 <.001* Age – .49
IV acetaminophen –15.14 <.001* IV acetaminophen –11.4 <.001*
Sex – .18 Sex – .74
BMI 0.94 .001* BMI – .17
Time to OR 0.44 .01* Time to OR – .71
Diagnosis – .71 Diagnosis – .51
Pain score – .54 Pain score – .33
Narcotic use X X Narcotic use – .10

Abbreviations: IV, intravenous; BMI, body mass index; OR, operating room; PT, physical therapy.
aMultivariate regression analyses for length of stay (A), pain score (B), total narcotic use (C), and missed PT sessions (D), with b coefficients for all variables that
demonstrated statistical significance for one or more regressions.
*p indicates statistical significance �0.05.

Table 4. Regression Analysis: Odds of Discharge to Secondary Care Facility.a

Variable Unit Odds Ratio (95% CI) P value

Age 1 year of increasing age 1.1 (1.1-1.2) <.001*
IV acetaminophen Incremental dose of IV acetaminophen 0.37 (0.18-0.77) .008*
Sex Female gender 2.1 (1.0-4.3) <.001*
BMI N/A – .86
Time to OR 1 hour of increased time to OR 1.1 (1.0-1.1) .026*
Diagnosis N/A – .64
Pain score N/A – .45
Narcotic use 10 mg morphine-equivalent 1.2 (1.02-1.3) .03*

Abbreviations: CI, confidence interval; IV, intravenous; BMI, body mass index; OR, operating room; mg, milligrams; N/A, not available.
aLogistic regression analysis with odds ratios and confidence intervals listed for those variables demonstrating statistical significance as predictive of likelihood of
discharge to a secondary care facility as opposed to home.
*p indicates statistical significance �0.05.
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treatment of perioperative pain. However, opioid-based regi-

mens are associated with a number of adverse side effects that

may complicate a patient’s perioperative care.

An institutional geriatric hip fracture program was well

established by the time of our data collection. Recent studies

have shown the effectiveness of geriatric hip fracture pro-

grams in improving patient outcomes.37,38 Our institution’s

hip fracture committee further standardized hip fracture care

by adopting a scheduled IV acetaminophen protocol for peri-

operative pain management. Our data demonstrated no statis-

tical significance in total acetaminophen use between the 2

groups, but we did note a difference between the 2 routes of

administration for the groups. As group 2 used a higher ratio

of IV to oral acetaminophen, the improvements in our deter-

mined outcome measures with IV acetaminophen use sup-

ports the IV route of administration as more beneficial in

improving outcomes. Studies have shown that IV acetamino-

phen not only reaches a higher peak plasma concentration

than oral acetaminophen but also that IV acetaminophen

reaches that point earlier.26,27 It has also been shown that gas-

tric emptying and gastrointestinal absorption is slowed in the

elderly individuals, patients in a normal postoperative state,

and those who have received opioid narcotics,39,40 resulting

in potentially slower absorption of oral acetaminophen. These

serve as potential explanations for the increased efficacy of

the IV route of acetaminophen observed in our study.

Other studies have demonstrated the importance of early

surgery on fewer in-hospital complications, improved func-

tional outcome, increased return to independent living, and

decreased mortality.37,41-46 In this study, there was no statically

significant difference in length of time from admission to the

operating room between the 2 groups. Our data reinforced the

findings of increased rate of home discharge with early surgery,

but in addition we found that IV acetaminophen use was inde-

pendently predictive of improved outcomes and a higher like-

lihood of home discharge when controlling for time from

admission to the operating room in our analysis.

Intravenous acetaminophen usage was also predictive of

decreased VAS pain scores as well as decreased narcotic usage,

both of which are factors universally known to be common

causes of delirium.5,12,14,17,47,48 As such, in addition to the

intrinsic value of decreasing patients’ perioperative pain, IV

acetaminophen has the potential to be a useful medication in

indirectly reducing delirium in the elderly population by reduc-

ing the likelihood of delirium resulting from both inadequately

controlled pain and opioid narcotic use.

Chin et al demonstrated that a standardized regimen of

scheduled analgesics improves participation in PT following

hip fracture surgery,49 and recent studies have shown that

early functional outcome is predictive of improved 1-year

mortality.16,50 Our results also demonstrated improved post-

operative participation in PT and that IV acetaminophen use

was the only variable to demonstrate statistical significance

in doing so.

This study has a number of strengths. We utilized a histor-

ical control (group 1) and found no difference between the 2

groups for any confounding variables. In addition, the large

cohort sizes provided statistical power to determine signifi-

cance for many variables. Furthermore, the geriatric hip frac-

ture and the IV acetaminophen institutional protocols were

consistently followed. However, our study is not without its

limitations, many of which are inherent to its retrospective

nature. The ability to measure and compare outcome vari-

ables was limited by the data consistently available within the

electronic medical record. Mortality rate, readmission, pre- and

postfracture objective functional capacity scores, and prehospi-

tal residence were not included. Additional narcotic-induced

adverse effects, including pulmonary complications, respiratory

depression, and oversedation, were not consistently available.

Also, during the time of this study, there were no protocols in

place that required consistent, objective documentation of epi-

sodes of delirium or causes for missed PT sessions. Further-

more, although the geriatric hip fracture program was well

established before the initiation of this study, it is possible that

immeasurable variables, such as education of physical therapists

and nursing staff to the program’s goals and efficiency of care

management personnel in the discharge process, improved

throughout the period of our data collection, thus having a con-

founding effect. Prospective, randomized trials are therefore

needed to delineate such effects, while including all desired out-

come measures, including standardized functional outcome

scores, hospital readmission rates, and mortality rates. The cost

of IV acetaminophen will vary by institution, but in our study it

was more expensive than oral acetaminophen and all individual

IV and oral opioid medications. Whether this cost is offset or

even overcome by decreased length of hospital stay and/or

decreased use of all other pain medications remains to be seen.

As such, in addition to comparative effectiveness research, it is

essential for future research to include a cost analysis.

Conclusion

In the geriatric hip fracture population, pain control is an

important aspect of patient care, yet narcotic use is complicated

by a number of factors. The utilization of scheduled periopera-

tive IV acetaminophen as part of a standardized protocol for

geriatric hip fractures is efficacious for shortening hospital

length of stay, controlling pain and decreasing narcotic use,

improving participation in PT, and increasing home discharge

rate. Other areas of orthopedics have demonstrated the benefit

of IV acetaminophen, and this study supports its use in the ger-

iatric hip fracture population.

Authors’ Note

This study has previously been presented in part at the Annual

Meeting of the Michigan Orthopaedic Society (Mackinac Island,

Michigan, June 2014), and Orthopaedic Trauma Association Annual

Meeting (Tampa, Florida, October 2014), American Academy of

Orthopaedic Surgeons (Las Vegas, Nevada, March 2015), and

Mid-America Orthopaedic Association (Hilton Head, South Carolina,

April 2015).

206 Geriatric Orthopaedic Surgery & Rehabilitation 6(3)



Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

There was no outside funding received for this study.

References

1. National Hospital Discharge Survey [database online]. Atlanta,

GA: Center for Disease Control and Prevention/National Health

Statistics Report, 2010 summary.

2. Marks R, Allegrante J, Ronald-MacKenzie C, Lane JM. Hip frac-

tures among the elderly: causes, consequences and control. Age-

ing Res Rev. 2003;2(1):57-93.

3. Leibson C, Tosteson A, Gabriel S, Ransom JE, Melton LJ.

Mortality, disability, and nursing home use for persons with and

without hip fracture: a population-based study. J Am Geriatr Soc.

2002;50(10):1644-1650.

4. Brainsky A, Glick H, Lydick E, et al. The economic cost of hip

fractures in community-dwelling older adults: a prospective

study. J Am Geriatr Soc. 1997;45(3):281-287.

5. Hannan EL, Magaziner J, Wang JJ, et al. Mortality and locomotion

6 months after hospitalization for hip fracture: risk factors and risk-

adjusted hospital outcomes. JAMA. 2001;285(21):2736-2742.

6. Alegre-Lopez J, Cordero-Guevara J, Alonso-Valdivielso JL,

Fernández-Melón J. Factors associated with mortality and func-

tional disability after hip fracture: an inception cohort study.

Osteoporos Int. 2005;16(7):729-736.

7. Dwyer JG, Reynoso JF, Seevers GA, et al. Assessing preoperative

frailty utilizing validated geriatric mortality calculators and their

association with postoperative hip fracture mortality risk. Geriatr

Orthop Surg Rehabil. 2014;5(3):109-115.

8. Beaupre LA, Binder EF, Cameron ID, et al. Maximising func-

tional recovery following hip fracture in frail seniors. Best Pract

Res Clin Rheumatol. 2013;27(6):771-788.

9. Cooper C, Cole ZA, Holroyd CR, et al. Secular trends in the inci-

dence of hip and other osteoporotic fractures. Osteoporos Int.

2011;22(5):1277-1288.

10. Hayes W, Myers E, Robinovitch S, Van Den Kroonenberg A,

Courtney AC, McMahon TA. Etiology and prevention of age-

related hip fractures. Bone. 1996;18(1 suppl):77-86.

11. Schneider E, Guralnik J. The aging of America: impact on health

care costs. JAMA. 1990;263(17):2335-2340.

12. Morrison RS, Magaziner J, McLaughlin MA, et al. The impact of

post-operative pain on outcomes following hip fracture. Pain.

2003;103(3):303-311.

13. Pasero CL, McCaffery M. Reluctance to order opioids in elders.

Am J Nurs. 1997;97(9):20, 23.

14. Duggleby W, Lander J. Cognitive status and postoperative pain:

older adults. J Pain Symptom Manage. 1994;9(1):19-27.

15. Gustafson Y, Berggren D, Brannstrom B, et al. Acute confusional

states in elderly patients treated for femoral neck fracture. J Am

Geriatr Soc. 1988;36(6):525-530.

16. Givens JL, Sanft TB, Marcantonio ER. Functional recovery after

hip fracture: the combined effects of depressive symptoms,

cognitive impairment, and delirium. J Am Geriatr Soc. 2008;

56(6):1075-1079.

17. Marcantonio ER, Flacker JM, Michaels M, Resnick NM. Delir-

ium is independently associated with poor functional recovery

after hip fracture. J Am Geriatr Soc. 2000;48(6):618-624.

18. Lane JM. CORR Insights (R): Does early functional outcome pre-

dict 1-year mortality in elderly patients with hip fracture? Clin

Orthop Relat Res. 2013;471(8):2711-013-2995-6.

19. Koval KJ, Skovron ML, Aharonoff GB, Meadows SE, Zuckerman

JD. Ambulatory ability after hip fracture. A prospective study in

geriatric patients. Clin Orthop Relat Res. 1995;(310):150-159.

20. The Joint Commission. Sentinel Event Alert: Safe Use of Opioids

in Hospitals. Oak Brook, IL: Joint Commission Resources. 2012;

49:1-5.

21. Bernabei R, Gambassi G, Lapane K, et al. Management of pain in

elderly patients with cancer. SAGE study group. Systematic

assessment of geriatric drug use via epidemiology. JAMA. 1998;

279(23):1877-1882.

22. Cheville A, Chen A, Oster G, McGarry L, Narcessian E. A rando-

mized trial of controlled-release oxycodone during inpatient reha-

bilitation following unilateral total knee arthroplasty. J Bone Joint

Surg Am. 2001;83-A(4):572-576.

23. Koppert W, Frotsch K, Huzurudin N, et al. The effects of parace-

tamol and parecoxib on kidney function in elderly patients under-

going orthopedic surgery. Anesth Analg. 2006;103(5):1170-1176.

24. Jahr JS, Breitmeyer JB, Pan C, et al. Safety and efficacy of

intravenous acetaminophen in the elderly after major orthopedic

surgery: subset data analysis from 3, randomized, placebo-

controlled trials. Am J Ther. 2012;19(2):66-75.

25. Smith HS. Perioperative intravenous acetaminophen and

NSAIDs. Pain Med. 2011;12(6):961-981.

26. van der Westhuizen J, Kuo PY, Reed PW, et al. Randomised con-

trolled trial comparing oral and intravenous paracetamol (aceta-

minophen) plasma levels when given as preoperative analgesia.

Anaesth Intensive Care. 2011;39(2):242-246.

27. Singla NK, Parulan C, Samson R, et al. Plasma and cerebrospinal

fluid pharmacokinetic parameters after single-dose administration

of intravenous, oral, or rectal acetaminophen. Pain Pract. 2012;

12(7):523-532.

28. Sinatra RS, Jahr JS, Reynolds LW, et al. Efficacy and safety of

single and repeated administration of 1 gram intravenous acetami-

nophen injection (paracetamol) for pain management after major

orthopedic surgery. Anesthesiology. 2005;102(4):822-831.

29. Lachiewicz PF. The role of intravenous acetaminophen in multi-

modal pain protocols for perioperative orthopedic patients. Ortho-

pedics. 2013;36(2 suppl):15-19.

30. Looke TD, Kluth CT. Effect of preoperative intravenous meth-

ocarbamol and intravenous acetaminophen on opioid use after

primary total hip and knee replacement. Orthopedics. 2013;

36(2 suppl):25-32.

31. Sinatra RS, Jahr JS, Reynolds L, et al. Intravenous acetaminophen

for pain after major orthopedic surgery: an expanded analysis.

Pain Pract. 2012;12(5):357-365.

32. Tsang KS, Page J, Mackenney P. Can intravenous paracetamol

reduce opioid use in preoperative hip fracture patients? Orthope-

dics. 2013;36(2 suppl):20-24.

Bollinger et al 207



33. Abdulla S, Eckhardt R, Netter U, et al. Efficacy of three IV non-

opioid-analgesics on opioid consumption for postoperative pain

relief after total thyroidectomy: a randomised, double-blind trial.

Middle East J Anesthesiol. 2012;21(4):543-552.

34. American Medical Association. CPT1 2013 Professional.

Chicago, IL: American Medical Association Press; 2013.

35. Marsh JL, Slongo TF, Agel J, et al. Fracture and dislocation

classification compendium - 2007: orthopaedic trauma associa-

tion classification, database and outcomes committee. J Orthop

Trauma. 2007;21(suppl 10): S1-S163.

36. Knotkova H, Fine PG, Portenoy RK. Opioid rotation: the science

and the limitations of the equianalgesic dose table. J Pain Symp-

tom Manage. 2009;38(3):426-439.

37. Collinge CA, McWilliam-Ross K, Beltran MJ, Weaver T. Mea-

sures of clinical outcome before, during, and after implementation

of a comprehensive geriatric hip fracture program: is there a

learning curve? J Orthop Trauma. 2013;27(12):672-676.

38. Lau TW, Fang C, Leung F. The effectiveness of a geriatric hip

fracture clinical pathway in reducing hospital and rehabilitation

length of stay and improving short-term mortality rates. Geriatr

Orthop Surg Rehabil. 2013;4(1):3-9.

39. Berger MM, Berger-Gryllaki M, Wiesel PH, et al. Intestinal

absorption in patients after cardiac surgery. Crit Care Med.

2000;28(7):2217-2223.

40. Petring OU, Dawson PJ, Blake DW, et al. Normal postoperative

gastric emptying after orthopaedic surgery with spinal anaesthesia

and i.m. ketorolac as the first postoperative analgesic. Br J

Anaesth. 1995;74(3):257-260.

41. Simunovic N, Devereaux PJ, Sprague S, et al. Effect of early

surgery after hip fracture on mortality and complications:

systematic review and meta-analysis. CMAJ. 2010;182(15):

1609-1616.

42. Al-Ani AN, Samuelsson B, Tidermark J, et al. Early operation on

patients with a hip fracture improved the ability to return to inde-

pendent living. A prospective study of 850 patients. J Bone Joint

Surg Am. 2008;90(7):1436-1442.

43. Biber R, Singler K, Curschmann-Horter M, Wicklein S, Sieber C,

Bail HJ. Implementation of a co-managed Geriatric Fracture Cen-

ter reduces hospital stay and time-to-operation in elderly femoral

neck fracture patients. Arch Orthop Trauma Surg. 2013;133(11):

1527-1531.

44. Rae HC, Harris IA, McEvoy L, Todorova T. Delay to surgery and

mortality after hip fracture. ANZ J Surg. 2007;77(10):889-891.

45. Khan SK, Kalra S, Khanna A, Thiruvengada MM, Parker MJ.

Timing of surgery for hip fractures: a systematic review of 52

published studies involving 291,413 patients. Injury. 2009;

40(7):692-697.

46. Carretta E, Bochicchio V, Rucci P, Fabbri G, Laus M, Fantini MP.

Hip fracture: effectiveness of early surgery to prevent 30-day

mortality. Int Orthop. 2011;35(3):419-424.

47. Marcantonio ER, Flacker JM, Wright RJ, et al. Reducing delirium

after hip fracture: a randomized trial. J Am Geriatr Soc. 2001;

49(5):516-522.

48. Bjorkelund KB, Hommel A, Thorngren KG, Gustafson L, Larsson

S, Lundberg D. Reducing delirium in elderly patients with hip

fracture: a multi-factorial intervention study. Acta Anaesthesiol

Scand. 2010;54(6):678-688.

49. Chin RP, Ho CH, Cheung LP. Scheduled analgesic regimen

improves rehabilitation after hip fracture surgery. Clin Orthop

Relat Res. 2013;471(7):2349-2360.

50. Dubljanin-Raspopovic E, Markovic-Denic L, Marinkovic J,
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