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Abstract
Background: Surgical fixation of hip fractures within 24–48 hours of hospital presentation is associated with decreased
rates of postoperative morbidity and death, and recently, hospitals nationwide have implemented strategies to expedite
surgery. Our aim was to describe how time-to-surgery and short-term complication rates have changed using the
National Surgical Quality Improvement Program database from 2011 to 2017.
Methods: We identified more than 73,000 patients aged ≥65 years who underwent surgical fixation. Poisson regression
adjusting for comorbidities, surgery type, type of anesthesia, patient sex, and patient age was performed to quantify
annual changes in time-to-surgery. Annual changes in 30-day postoperative complications were analyzed using a
generalized linear model with binomial distribution.
Results: A significant decrease in time-to-surgery was observed during the study period (mean 30 hours in 2011
versus 26 hours in 2017; P<0.001). Time-to-surgery decreased by 2% annually during the 7-year period (0.5 hour/year,
95% CI: -35, -23; P<0.001). The all-cause 30-day complication rate also decreased annually (annual risk difference:
−0.35%, 95% CI: −0.50%, −0.20%; P<0.001). For individual complications, we found significant decreases in deep
infection (-0.2%, P=0.002), reintubation (-0.3%, P=0.001), urinary tract infection (-2.5%, P<0.001), and death (-1.3%,
P=0.03). We found significant but small increases of pulmonary embolism (0.3%, P=0.03) and myocardial infarction
(0.1%, P=0.02). Higher rates of complications were associated with increased time-to-surgery (P<0.001).
Conclusion: From 2011 to 2017, time-to-surgery for hip fracture decreased significantly, as did short-term postoperative
rates of all-cause complications and death. Longer time-to-surgery was associated with increased number of
complications.
Level of evidence: III
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Introduction
hile the incidence of hip fractures has steadily
declined in the US, their associated healthcare
costs remain a major burden to the US
healthcare system with expected costs to continue to
rise over the next decade (1-3). During this same period,
several studies have shown that early surgical fixation
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within 24 to 48 hours may lead to decreased morbidity
and mortality, which may decrease associated healthcare
costs (4-8). Benefits of early fixation include shorter
hospital stays, lower rates of inpatient complications, and
faster return to independent living (9). In a meta-analysis
of more than 190,000 patients, early fixation of hip
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fractures was also associated with lower rates of death
(5). In response to these observations, hospitals have
employed several strategies aiming to reduce the time
from admission to surgery with the intent of improving
patient outcomes; however, periodic reassessment
measuring the success of recent efforts in decreasing
time-to-surgery and how patient outcomes are affected
are needed (10).
Decreasing time-to-surgery for hip fractures has
important implications not only for patients and
healthcare teams, but also for hospital managers who
must justify resource allocations to support early
surgery (11). Several factors are involved in decreasing
time-to-surgery, and it is difficult to determine
which are the most successful because hospital
environments differ greatly from one another. Because
hospital heterogeneity precludes an accurate national
assessment of which factors may lead to the greatest
decrease in time-to-surgery, our aim was to determine
whether hospitals nationwide have seen decreased
times-to-surgery overall and if there has been a
correlation with decreased short-term morbidity and
mortality.
Materials and Methods
Cohort Selection
This study was exempt from IRB review. We queried
the American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) database to
identify patients who underwent surgical fixation of
hip fracture from January 2011 through December
2017. Heterogeneous data and small sample sizes
precluded analysis of years before 2011. We identified
85,311 patients using the following Current Procedural
Terminology (CPT) codes: 27235 (percutaneous fixation),
27236 (open treatment of femoral neck fracture, e.g.
hemiarthroplasty), and 27244 or 27245 (open reduction
and internal fixation or intramedullary nailing for
intertrochanteric, peritrochanteric, or subtrochanteric
fractures). We excluded 11,435 patients aged <65 years
and 763 extreme outliers in time to surgery (>99th
percentile, i.e., ≥168 hours), leaving 73,113 patients for
analysis [Figure 1].

Figure 1. Patient’s selection flow chart showing identification of
cohort who underwent surgical fixation for hip fractures from
2011 through 2017.

Patient Characteristics
The median patient age was 87 years, and 72% of patients
were women [Table 1]. The most frequent procedures
were intramedullary nailing (47%) and open treatment
of femoral neck fracture/hemiarthroplasty (36%). We
also extracted data on race, BMI, and calculated modified
Charlson Comorbidity Index (CCI) values adapted to the
NSQIP database (12).

Table 1. Characteristics of 73,113 Patients who Underwent Surgical Fixation for Hip Fractures in the
US, National Surgical Quality Improvement Program, 2011–2017
Variable

No. (%)

Age (*Median, years)
Gender
Race

87
Female

52,560 (72%)

White

54,285 (74%)

Other**

2,242 (3%)

African American
Unknown

1,948 (3%)

14,638 (21%)
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Table 1. Continued
Current Smoker

6,539 (9%)

BMI***

<18.5

14,182 (20%)

25 - 29.9

17,960 (25%)

18.5 - 24.9
>30

Surgery

30,663 (42%)
9,517 (13%)

Open Treatment of femoral neck fracture (e.g. hemiarthroplasty)

26,517 (36%)

IMN of intertrochanteric, peritrochanteric or subtrochanteric fracture

34,820 (48%)

ORIF of intertrochanteric, peritrochanteric or subtrochanteric fracture
Percutaneous fixation of femoral neck fracture

Modified Charlson Comorbidity Index****

3

11,522 (16%)
254 (0.3%)
4,156 (6%)

4

14,228 (20%)

6

24,929 (34%)

5

29,800 (41%)

*Standard deviation cannot be computed as NSQIP reports >90 for patients older than 90 as opposed to their
actual age; mean age was 82±7 years when changing those patients to 90 years of age. **Other constitutes
American Indians, Alaska native, Asian and Native Hawaiian. ***BMI data missing for 1.1% (n=791) of patients.
****Minimum value for modified Charlson comorbidity index is 3 due to inclusion of only patients older than 65.

Outcomes of Interest
Outcomes of interest were time-to-surgery, which we
defined as the number of hours from hospital admission
to start of surgery, and complications occurring within
30 days after surgery. We analyzed the following
complications: superficial or deep wound infection,
wound dehiscence, pneumonia, reintubation, pulmonary
embolism, renal failure, urinary tract infection, stroke,
myocardial infarction, cardiac arrest, and death.
Statistical analysis
Descriptive statistics were reported as mean ± standard
deviation and count (percent) for continuous and
categorical variables, respectively. To determine changes
in time-to-surgery from 2011 to 2017, a multivariable
linear regression analysis was performed adjusting for
age, CCI, sex, procedure type, and type of anesthesia.
To determine significant variability over time in the
rates of individual complications, we used a CochraneArmitage test for trend. We also evaluated changes in
all-cause complication rates with a generalized linear
model with binomial distribution. To determine whether
increased time-to-surgery was associated with higher
complications rates, an analysis of variance with Tukey’s
multiple comparison test was used. Analyses were
conducted using SAS, version 9.4, software (SAS Institute
Inc., Cary, NC). Significance was set at P < 0.05.

Results
Time-to-Surgery
Mean ± standard deviation time-to-surgery decreased
significantly, from 30 ± 28 hours in 2011 to 26 ± 24 hours
in 2017 (P < 0.001) [Figure 2]. After adjusting for age, sex,

Figure 2. Annual mean time-to-surgery for 73,113 patients in the
US with hip fractures showing a progressive downward trend,
P<0.05. National Surgical Quality Improvement Program, 2011–
2017. Error bars, 95% confidence intervals.
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Table 2. Univariate Analysis of Complication Rates after Surgical
Fixation of Hip Fracture in 73,113 Patients in the US, National
Surgical Quality Improvement Program, 2011–2017
N (%)

Complication
Cardiac arrest

2017

28 (0.8)

135 (0.8)

0.36

69 (2.0)

350 (2.1)

0.02

Death

217 (6.3)

Pneumonia

131 (3.8)

Reintubation

49 (1.4)

Myocardial infarction
Pulmonary embolism

19 (0.5)

Renal failure

12 (0.35)

Surgical site deep infection

14 (0.4)

Stroke

Surgical site superficial infection
Urinary tract infection
Wound dehiscence

P Value

2011

22 (0.6)

936 (5.5)
682 (4.0)
145 (0.8)

0.50
0.03

118 (1.1)

0.001

135 (0.8)

0.12

59 (0.35)

0.12

29 (0.2)

0.002

719 (4.2)

<0.001

25 (0.72)

121 (0.7)

4 (0.1)

15 (0.1)

230 (6.7)

0.03

0.188
0.66

race, CCI, type of anesthesia, and procedure, there was an
annual 2% decrease in time-to-surgery (0.5 hour/year,
95% CI: -35, -23; P < 0.001). Over the 7 year study period,
there was a total 13% decrease in time-to-surgery (3.9
hours, 95% CI: -286, -177).

Complication Rates
From 2011 to 2017, we found a significant decrease in
the rates of deep wound infection (P<0.001), reintubation
(P=0.001), urinary tract infection (P<0.001), and death
(P=0.03) [Table 2]. We found small but significant
increases in the rates of pulmonary embolism (P=0.03)
and myocardial infarction (P=0.02). There were no
significant differences in any other complications
evaluated. We found a significant annual decrease in the
all-cause complication rate after adjusting for age, sex,
race, CCI, anesthesia type and procedure type (annual
risk difference: −0.4%; 95% CI: −0.5%, −0.2%; P<0.001).
Finally, higher rates of complications were associated
with increased time-to-surgery (P<0.001) [Table 3].
Table 3. Number of Complications Experienced in 73,113
Patients in the US treated for hip fracture by Time-to-Surgery,
National Surgical Quality Improvement Program, 2011–2017
No. of Complications

*Time-to-surgery (± standard deviation)

0

26.4 ± 24.0

2

31.3 ± 28.2

1
>=3

29.7 ± 27.1
33.8 ± 29.2

*Mean time expressed in hours (P < 0.001).
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Discussion
We found a cumulative 4-hour decrease in time-tosurgery from 2011 to 2017 for patients undergoing hip
fracture fixation that correlated with decreased 30-day
postoperative rates of deep infection, reintubation,
urinary tract infection, and death. Further, increased timeto-surgery was associated with increased complications
rates. These results may be used to support the allocation
of healthcare resources for optimizing hip fracture care.
Lowered rates of complications and death may yield
considerable savings in both patients’ lives and hospital
expenditure.
Adopting comprehensive hip fracture care pathways
to safely reduce time-to-surgery and post-operative
complications is critical for hospitals to succeed in a
new climate of value-based care. In 2018, the Centers for
Medicare & Medicaid Services implemented an optional
bundled payment system, the Bundled Payments for
Care Improvement Advance Model (13, 14). The system
is intended to encourage providers and administrators
to redesign and adopt care pathways to reduce costs
and improve patient outcomes often through expedited
surgery. However, as these pathways become wide spread,
avenues for identifying high-risk and comorbid patients
who may need extended work-up or delayed surgery
remains vital. Healthcare expenditure for these patients
may vastly exceed their counterparts (15-17). Thus far,
institutions that have successfully adopted perioperative
protocols for hip fracture management have reported
significant cost savings as well as additional sources of
revenue through bundled payment (13).
In our analysis, the rates of two complications increased,
but these increases were small (0.3% for pulmonary
embolism and 0.1% for myocardial infarction). Several
studies have shown that increased rates of pulmonary
embolism may be attributed to both over-diagnosis
as well as improved CT technology, with no change
in pulmonary embolism-specific mortality (18-21).
However, peri-operative myocardial infarction remains
an important and independent contributor to mortality
and continued optimization is required to avoid this
complication (22).
Early or expedited surgery may not be possible for
elderly patients with multiple comorbidities because
medical optimization and further preoperative testing
may be needed. Although a large meta-analysis of more
than 190,000 patients showed decreased postoperative
morbidity and mortality associated with surgery within
24 to 48 hours, it is difficult to account for confounders,
such as comorbidities necessitating further testing, that
may have caused delays in surgery for patients who
underwent surgery >48 hours after presentation (5). In a
study of 250 elderly patients with hip fractures, additional
preoperative testing (including echocardiography,
cardiac stress testing, carotid ultrasonography, ruleout of myocardial infarction, electroencephalography,
implantable cardioverter defibrillator interrogation, and
endoscopy) was performed for 67 patients, and only 2
of these patients were offered further care based on the
testing results (23). Patients who underwent additional
testing had a longer mean time to surgery (73 hours)
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compared with those who did not (37 hours), as well as a
longer hospital stay (12 vs. 9 days). These findings suggest
that routine extended preoperative testing beyond basic
work-up may not necessarily improve outcomes but
rather lead to delayed surgery and extended hospital stay.
However, the decision to pursue additional preoperative
testing before surgery should be weighed carefully on a
case-by-case basis.
Strategies to expedite surgery depend on several factors,
each of which can vary between hospitals (11). In addition
to hospital resources, such as operating rooms, surgical
and nursing staff, medical specialists, and laboratory/
imaging tests, other factors may delay time to surgery.
For example, transferring patients to another hospital
has been shown to significantly delay surgery. In a study
of more than 49,000 hip fracture patients, 14% required
inter-hospital transfer and were 3.2 and 2.6 times more
likely to wait ≥5 and 2–4 days, respectively, before
surgery (24). The time of day when patients arrive at the
hospital is also associated with surgical timing. Because
of hospital staffing and surgeon preference, nighttime
surgeries may be deferred to the day; however, a study
found no significant differences in mortality rates up to 2
years postoperatively between patients who underwent
surgery during the day versus night (25). Finally, patient
fitness and comorbidity exacerbation may also delay
surgery to allow medical optimization.
There are limitations with this study. Recording of
postoperative complications can be inaccurate in large
databases (26). However, NSQIP may be a more accurate
source of data than administrative databases, such
as the National Inpatient Sample, or private analytics
databases (27). We may not have captured all patients
with a hip fracture during the study period because CPT
code 27125 is commonly but erroneously used to bill for
hip fracture treatment. It describes hemiarthroplasty
performed for degenerative changes and not traumatic
causes; however, it has been used by other authors to
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identify patients with hip fracture (28). We assessed the
temporal changes in time-to-surgery during a 7-year
period because heterogeneous data and small sample
sizes precluded analysis before 2011. Because this study
relies on national survey data, it is unclear which hospital
policies may have contributed to the greatest changes in
time-to-surgery. Finally, these findings are observational
and do not suggest causation.
In summary, we found that time-to-surgery and the
rates of all-cause 30-day postoperative complications
decreased from 2011 to 2017 for patients who underwent
surgical fixation of hip fractures in the US. Although
additional research is needed to determine which
factors play the largest roles in optimizing outcomes and
decreasing surgical timing, these encouraging results
may motivate continued adoption of hip fracture care
pathways and justify resource allocation to this cause.
Acknowledgements
Special thanks to Ms. Rachel Box, Ms. Jenni Weems,
and Ms. Kerry Kennedy for manuscript preparation and
editorial services.
Disclosure: The authors report no conflict of interest
concerning the materials or methods used in this study
or the findings specified in this paper.

Suresh K. Nayar MD1
Majd Marrache MD1
Jarred A. Bressner MD1
Micheal Raad MD1
Babar Shafiq MD MSPT1
Uma Srikumaran MD MBA MPH1
1 Department of Orthopaedic Surgery, The Johns Hopkins
University, Baltimore, MD

References

1. Lewiecki EM, Wright NC, Curtis JR, Siris E, Gagel RF,
Saag KG, et al. Hip fracture trends in the United States,
2002 to 2015. Osteoporos Int. 2018; 29(3):717-722.
2. rauer CA, Coca-Perraillon M, Cutler DM, Rosen AB.
Incidence and mortality of hip fractures in the United
States. JAMA. 2009; 302(14):1573–9.
3. Burge R, Dawson-Hughes B, Solomon DH, Wong JB,
King A, Tosteson A. Incidence and economic burden
of osteoporosis-related fractures in the United States,
2005–2025. J Bone Miner Res. 2007; 22(3):465–75.
4. Klestil T, Röder C, Stotter C, Winkler B, Nehrer S,
Lutz M, et al. Impact of timing of surgery in elderly
hip fracture patients: a systematic review and metaanalysis. Sci Rep. 2018; 8(1):13933.
5. Moja L, Piatti A, Pecoraro V, Ricci C, Virgili G, Salanti G,
et al. Timing matters in hip fracture surgery: patients

6.
7.
8.
9.

operated within 48 hours have better outcomes. A
meta-analysis and meta-regression of over 190,000
patients. PLoS One. 2012;7(10):e46175.
Alvi HM, Thompson RM, Krishnan V, Kwasny MJ, Beal
MD, Manning DW. Time-to-Surgery for Definitive
Fixation of Hip Fractures: A Look at Outcomes Based
Upon Delay. Am J Orthop (Belle Mead NJ). 2018; 47(9).
Fu MC, Boddapati V, Gausden EB, Samuel AM, Russell
LA, Lane JM. Surgery for a fracture of the hip within 24
hours of admission is independently associated with
reduced short-term post-operative complications.
Bone Joint J. 2017; 99-B (9):1216-1222.
Judd KT, Christianson E. Expedited Operative Care of
Hip Fractures Results in Significantly Lower Cost of
Treatment. Iowa Orthop J. 2015; 35: 62–64.
Elfar JC, Daniel JL. Timing of Hip Fracture Surgery in

)229(

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 9. NUMBER 2. MARCH 2021

the Elderly. Geriatr Orthop Surg Rehabil. 2014; 5(3):
138–140.
10. Lisk R, Yeong K. Reducing mortality from hip fractures:
a systematic quality improvement programme. BMJ
Qual Improv Rep. 2014; 19; 3(1).
11. Sheehan KJ, Sobolev B, Guy P. Mortality by Timing of
Hip Fracture Surgery: Factors and Relationships at
Play. J Bone Joint Surg Am. 2017; 99(20):e106.
12. Bohl DD, Basques BA, Golinvaux NS, Miller CP,
Baumgaertner MR, Grauer JN. Extramedullary
compared with intramedullary implants for
intertrochanteric hip fractures: thirty-day outcomes
of 4432 procedures from the ACS NSQIP database. J
Bone Joint Surg Am. 2014; 96(22):1871-7.
13. Althausen PL, Mead L. Bundled payments for care
improvement: lessons learned in the first year. J
Orthop Trauma. 2016;30(suppl 5):S50–S53.
14. Iorio R, Bosco J, Slover J, Sayeed Y, Zuckerman JD.
Single institution early experience with the bundled
payments for care improvement initiative. J Bone
Joint Surg Am. 2017;99(1):e2.
15. Johnson DJ, Greenberg SE, Sathiyakumar V, Thakore
R, Ehrenfeld JM, Obremskey WT, et al. Relationship
between the Charlson Comorbidity Index and cost
of treating hip fracture: implications for bundled
payment. J Orthop Traumatol. 2015; 16(3):209–213.
16. Nikkel L, Fox E, Black K, Davis C, Andersen L, Hollenbeak
C. Impact of comorbidities on hospitalization costs
following hip fracture. J Bone Joint Surgery Am.
2012;94(1):9–17.
17. Konda SR, Lott A, Egol KA. The Coming Hip and Femur
Fracture Bundle: A New Inpatient Risk Stratification
Tool for Care Providers. Geriatr Orthop Surg Rehabil.
2018; 9:2151459318795311.
18. Wiener RS, Schwartz LM, Woloshin S. Time trends
in pulmonary embolism in the United States:
evidence of overdiagnosis. Arch Intern Med. 2011;
171(9):831-837.
19. Hutchinson BD, Navin P, Marom EM, Truong MT,
Bruzzi JF. Overdiagnosis of Pulmonary Embolism by

HIP FRACTURES: TIME-TO-SURGERY

Pulmonary CT Angiography. AJR Am J Roentgenol.
2015; 205(2):271-7.
20. DeMonaco NA, Dang Q, Kapoor WN, Ragni MV.
Pulmonary embolism incidence is increasing with
use of spiral computed tomography. Am J Med.
2008;121(7):611-617.
21. Jiménez D, de Miguel-Dí�ez J, Guijarro R, Trujillo-Santos
J, Otero R, Barba R, et al. Trends in the Management
and Outcomes of Acute Pulmonary Embolism:
Analysis From the RIETE Registry. J Am Coll Cardiol.
2016; 67(2):162-170.
22. Huddleston JM, Gullerud RE, Smither F, Huddleston
PM, Larson DR, Phy MP, et al. Myocardial infarction
after hip fracture repair: a population-based study. J
Am Geriatr Soc. 2012; 60(11):2020-6.
23. Bernstein J, Roberts FO, Wiesel BB, Ahn J. Preoperative
Testing for Hip Fracture Patients Delays Surgery,
Prolongs Hospital Stays, and Rarely Dictates Care. J
Orthop Trauma. 2016; 30(2):78-80.
24. Zeltzer J, Mitchell RJ, Toson B, Harris IA, Close J.
Determinants of time to surgery for patients with hip
fracture. ANZ J Surg. 2014; 84(9):633-8.
25. Chacko AT, Ramirez MA, Ramappa AJ, Richardson
LC, Appleton PT, Rodriguez EK. Does late night hip
surgery affect outcome? J Trauma. 2011; 71(2):44753; discussion 453.
26. Alluri RK, Leland H, Heckmann N. Surgical research
using national databases. Ann Transl Med. 2016;
4(20): 393.
27. Parthasarathy M, Reid V, Pyne L, Groot-Wassink T. Are
we recording postoperative complications correctly?
Comparison of NHS Hospital Episode Statistics with
the American College of Surgeons National Surgical
Quality Improvement Program. BMJ Qual Saf. 2015;
24(9):594-602.
28. Sathiyakumar V, Greenberg SE, Jahangir AA, Mir HH,
Obremskey WT, Sethi MK. Impact of type of surgery
on deep venous thrombi and pulmonary emboli: a
look at twenty seven thousand hip fracture patients.
Int Orthop. 2015; 39(10):2017-22.

