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Early Surgery Confers 1-Year Mortality Benefit in
Hip-Fracture Patients
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Background: To evaluate the relationship between surgical timing
and 1-year mortality in patients requiring hip fracture repair.

Methods: We analyzed all 720 patients (.65 years) who had hip
fracture surgery between March 2005 and February 2015, identifying
patients by ICD-9 diagnosis and procedure codes using electronic data
query. Mortality data were obtained from the institutional database,
state and Social Security Death Indices. The relationship between sur-
gical timing (defined as the interval from admission to the start of
surgery) and 1-year mortality was assessed using a multivariable logis-
tic regression, adjusting for baseline clinical status and surgical factors.

Results: Among the 720 patients, 159 patients (22%) died within 1
year. The median time from admission to surgery was 30 hours. A
linear relationship between the surgical timing and 1-year mortality
was demonstrated. Delaying surgery was significantly associated
with increased 1-year mortality, odds ratio 1.05 (95% CI: 1.02–1.08)
per 10-hour delay (P = 0.001).

Conclusions: A linear relationship was observed between surgical
timing and 1-year mortality. Each 10-hour delay from admission to
surgery was associated with an estimated 5% higher odds of 1-year
mortality. Therefore, we suggest that hip fractures should be treated
urgently similar to other time-sensitive pathology such as stroke and
myocardial ischemia.
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Level of Evidence: Prognostic Level III. See Instructions for
Authors for a complete description of levels of evidence.

(J Orthop Trauma 2018;32:105–110)

INTRODUCTION
Globally, 1.6 million patients suffer a hip fracture

annually.1,2 This number is projected to climb to 2.6 million
by the year 2025 and 4.5 million by 2050.3 Because of their
frequency and adverse outcomes, hip fractures represent
a major cause of morbidity and mortality among the geriatric
population. After hip fracture, one’s quality of life is often
permanently diminished.4 The 1-year mortality has been
estimated to be as high as 30% for these patients.5,6 Overall,
fractures of the hip represent the second leading cause of
hospitalization for the elderly and are often the sentinel event
leading to a patient’s overall decline.7 Furthermore, decrea-
ses in long-term survival have been demonstrated even 10
years after a hip-fracture event. When one combines the high
incidence, cost, mortality, and an ever aging population, hip
fracture represents a major, and growing, public health
concern.5–7

With our aging population, and their associated comor-
bidities, managing hip-fracture patients has become increas-
ingly complex. One of the bigger challenges is defining the
optimal time to operate—be it immediately or after medical
optimization.8 Surgical delays may also occur due to the lack
of appropriate protocols or operating room resources. A major
consequence of waiting is that doing so renders hip-fracture
patients immobile for a longer period of time, logically wors-
ening the inflammatory response and, therefore, immobility-
related complications.9 Conversely, waiting may help optimize
patient comorbidities, potentially decreasing perioperative
complications.10

Over time, a consensus has emerged that earlier surgery
is associated with better outcomes. But the definition of
“early” surgery has been inconsistent—ranging from 6 to 48
hours.8,11 Currently, it is thought that the risk of mortality
increases only when there is a prolonged delay (36–48 hours)
in surgery. As a result, various government agencies have
established different benchmarks with respect to surgical tim-
ing. For example, in United Kingdom, the surgery for hip
fracture is recommended to be performed within 36 hours;
whereas in Canada, it is recommended to be performed within
48 hours.12 The American Academy of Orthopedic Surgeons
recommends surgery within 48 hours although this is not
based on strong evidence.13

An important reason for the heterogeneity in the timing
of surgery is the fact that most studies have considered the time
to treatment as a binary variable and have classified the time to
surgery as early or late based on various cutoff points.11 For
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example, in a study using the Danish fracture database, the
authors report that surgery within 24 hours significantly
decreased 30-day mortality compared to surgery after 24
hours.14 However, in the same study, no significant differences
were observed when surgery within 36 hours was compared
with surgery after 36 hours. Interestingly, the difference in
mortality was again significant when the 48 hours was chosen
as the cutoff point. This clearly suggests that definitions of
surgical timing can be arbitrary and may sometimes fail to
detect any effect of delay in surgery. A reasonable way to
overcome this problem is to consider timing as continuous
variable and study the linear relationship between timing and
outcomes.

Therefore, we tested the hypotheses whether earlier
surgery was associated with a reduced risk of 1-year
mortality. Specifically, we evaluated the relationship between
the timing of surgery, both in a continuous and categorical
manner, and 1-year mortality at a single institution.

METHODS
With approval and waiver of consent from the

Institutional Review Board, patient information was ob-
tained from the Perioperative Health Documentation System
(PHDS), a comprehensive electronic-medical-record registry
of noncardiac surgery patients used at our institution. All
patients greater than 65 years of age who were admitted
for a hip fracture from March 25, 2005 to February 28,
2015 were identified using International Classification of
Diseases, Ninth Revision (ICD-9) diagnosis code for hip
fracture (see Table, Supplemental Digital Content 1,
http://links.lww.com/JOT/A206). All patients who had these
codes listed as primary or secondary during the admission
were included. The surgical treatments offered to these pa-
tients were also identified using hip-related procedure codes
listed during the admission (see Table, Supplemental Dig-
ital Content 1, http://links.lww.com/JOT/A206).

A total of 771 patients admitted for hip fracture were
identified during this time period. After excluding 16 patients
who underwent a conservative management and 35 patients
with missing data, 720 patients were included in the analysis
(Fig. 1). All-cause mortality within 1 year of the procedure
was recorded. One-year mortality data were derived from the
Ohio Death Index Registry, United States Social Security
Death Index Registry, and Perioperative Health Documenta-
tion System.

Statistical Methods
The primary relationship of interest was between the

timing of surgery (defined as the time interval from hospital
admission to start of surgery) as a continuous variable and
the odds of 1-year mortality among hip fracture surgical
patients.

Because it was questionable whether this relationship
was linear in nature, we first visually assessed it by plotting
the estimated probability of 1-year mortality (on a logarithmic
scale) as a function of surgical timing, using a univariable
logistic regression incorporating a smooth term for timing of
surgery (natural cubic splines with knots at the 10th, 25th,

50th, 75th, and 90th percentiles). Based on the resultant
smooth relationship, we placed a linear term for the timing of
surgery in a multivariable logistic regression, adjusting for:
age, gender, weight, American Society of Anesthesiologists
physical status, cerebral vascular accident, myocardial infarc-
tion, coronary artery disease, pulmonary hypertension, malig-
nancy, preoperative hemoglobin, and creatinine, emergent
surgery, type of surgery, duration of surgery, general
anesthesia, and year of surgery. We further assessed whether
a quadratic term for the primary exposure was significant
(controlling for the linear term and all covariates). The
quadratic term was nonsignificant at P = 0.53.

Given the presence of a significant association between
the timing of surgery and 1-year mortality, we further
conducted an exploratory analysis seeking for a specific
cutoff time. We grouped surgical timing into 6 clinically
relevant groups: within 18 hours of admission, 18–24 hours,
24–36 hours, 36–48 hours, 48–60 hours, and more than 60
hours. We compared each timing group with the group of
more than 60 hours. A multivariable logistic regression model
was used, adjusting for the same set of potential confounding
variables. The significance criterion was P , 0.01 (ie, 0.05/5)
for each of these 5 comparisons.

Sample Size Estimation
The power calculation was based on 1-year mortality.

With 700 patients (based on a query of PHDS in the design
phase), we would have about 90% power to detect an odds
ratio of 1.01 or more per hour increase in the timing of
surgery (ie, the time interval from admission to surgery) at
a significance level of 0.05, assuming an incidence rate of
16% for 1-year mortality and a normal distribution with mean
of 40 (SD: 35) hours for the timing of surgery (based on
a query of PHDS). SAS software version 9.4 (SAS Institute,
Cary, NC) was used for all statistical analyses.

FIGURE 1. Flowchart depicting the inclusion of study subjects.
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RESULTS
Among the 720 patients, 68% were females with an

average age of 82 (SD: 8) years. The median time from
hospital admission to the start of the operation was 30 hours
[Q1–Q3: 18–56]. Demographics and perioperative character-
istics for patients who either did or did not survive 1 year are
summarized in Table 1.

One hundred and fifty-nine patients (22%) died within 1
year after their hip fracture repair procedure. Delaying the hip
fracture surgery was significantly associated with increased
risk of 1-year mortality. The estimated odds ratio was 1.05
(95% CI: 1.02–1.08) for each increase of 10 hours from hos-
pital admission to the start of surgery (P = 0.001), adjusting
for all prespecified potential confounding factors listed in the

TABLE 1. Demographics and Perioperative Characteristics in Patients Who Died Within 1 Year After Surgery and Who Did Not

Variable

Primary Outcome—1 y Mortality

ASDYes (N = 159) No (N = 561)

Age, y 84 6 9 81 6 8 0.33

Gender (female), no. (%) 104 (65) 384 (68) 0.06

Race, no. (%) 0.14

White 130 (82) 429 (76)

African American 23 (14) 109 (19)

Others 6 (4) 23 (4)

Weight, kg 63.8 6 16.4 69.4 6 17.5 0.33

Height, cm 163 [155–170]18 164 [158–173]82 0.15

Body mass index, kg/m2 23.0 [20.4–26.7]18 25.0 [21.7–28.1]82 0.30

ASA physical status, no. (%) 0.55

I 0 (0) 1 (0)

II 5 (3) 45 (8)

III 69 (43) 356 (63)

IV 84 (53) 158 (28)

V 1 (1) 1 (0)

Preoperative laboratory

Albumin, g/dL 3.2 6 0.654 3.5 6 0.6294 0.59

Creatinine, mg/dL 1.0 [0.7–1.4] 0.9 [0.7–1.2] 0.16

Hemoglobin, % 10.5 6 1.6 11.4 6 1.7 0.53

Time from admission to start of
surgery, h

45.1 [23.8–92.1] 27.0 [17.6–47.0] 0.53

Type of hip fracture surgery, no. (%) 0.35

Total hip replacement 7 (4) 65 (12)

Partial hip replacement 67 (42) 188 (34)

Closed reduction of fracture 26 (16) 92 (16)

Open reduction of fracture 55 (35) 180 (32)

Others 4 (3) 36 (6)

Emergent surgery, no. (%) 32 (20) 133 (24) 0.09

Duration of surgery, min 179 [147–215] 178 [150–215] 0.02

General anesthesia, no. (%) 122 (77) 420 (75) 0.04

Year of surgery, no. (%) 0.62

2005 3 (2) 24 (4)

2006 23 (14) 53 (9)

2007 20 (13) 46 (8)

2008 10 (6) 40 (7)

2009 15 (9) 61 (11)

2010 17 (11) 57 (10)

2011 25 (16) 59 (11)

2012 23 (14) 41 (7)

2013 18 (11) 75 (13)

2014 4 (3) 87 (16)

2015 1 (1) 18 (3)

The summary statistics are presented as mean 6 standard deviation, median [first–third quartile], or number (percent) of patients, as appropriate.
ASA, American Society of Anesthesiologists; ASD, Absolute standardized differences: the absolute difference in means or proportions divided by the pooled standard deviation.

Usually, an ASD of 0.2 suggests a small imbalanced between the groups.

J Orthop Trauma � Volume 32, Number 3, March 2018 Early Surgery Improves Mortality in Hip Fractures

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved. www.jorthotrauma.com | 107

Copyright � 201 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.8 



methods. When 1-hour increments were used as the unit of
analysis, the estimated odds ratio was 1.005 (95% CI: 1.002–
1.008) (Table 2). The linearity assumption of this relationship
was appropriate (Fig. 2).

In the exploratory analysis, we grouped the timing of
surgery into 6 clinically relevant groups: within 18 hours of
admission, 18–24 hours, 24–36 hours, 36–48 hours, 48–60
hours, and .60 hours. We observed that the corresponding
incidence of 1-year mortality was 13%, 16%, 16%, 23%,
24%, and 38%, respectively. After adjusting for baseline
variables, patients who received surgery .60 hours after
admission were more likely to die within 1 year compared
to patients who received surgery within 18 hours [OR (99%
CI): 2.81 (1.21–6.58)] and compared to patients who had
surgery within 18–24 hours [2.90 (1.15–7.30)]. However,
no significance difference was found between the timing
group .60 hours and the 24–36, 36–48, or 48–60 hours
groups (Table 2). In further analysis, we found that .60
hours group was more likely to have the hip fracture surgery
as a secondary procedure (ie, not the primary procedure for
the hospital visit), with 14% for this group versus 4% for the
rest of the timing categories. This may well explain for some
of these patients why the surgery included in this study was
later than average. However, an indicator variable for
“primary versus secondary procedure” was highly nonsignif-
icant in the model (P = 0.77) and thus not included. In
addition, 52% of these patients were (American Society of
Anesthesiologists) ASA Class 4 or 5, compared to 24%–30%
for first 3 timing categories and 46% for 48–60 hours.
American Society of Anesthesiologists class did contribute
to the multivariable model (P = 0.003), so this potential
confounding factor was controlled.

DISCUSSION
Although previous studies have reported an association

between delay in surgical treatment of hip fracture and
mortality, the definition of delay in surgery is variable (6–48
hours) and the reason for this association is unclear.8,11 The
present study was conducted to assess whether a linear rela-
tionship exists between the timing of surgery and 1-year
mortality. Using retrospectively obtained data from a single
institutional database, the results of the present study show
that every 10-hour increase in time from hospital admission
to surgery was associated with an estimated 5% increase in
odds of 1-year mortality. This suggests that there is a linear
relationship between the delay in surgery and mortality which
strengthens the suspicion of a causal relationship between
early intervention and decreased 1-year mortality.

The timing–outcome relationship has been previously
examined, with early surgery shown to be beneficial in mul-
tiple studies.15–17 For example, Hoenig et al18 reported that
early surgical repair (defined as within 2 days) was associated
with better health outcomes, namely hospital length of stay
and return to community living. By contrast, a prospective
cohort study in the New York metropolitan area showed early
surgery (within 24 hours) was not associated with improved 6-
month mortality or function.10 However, the authors did report
shorter lengths of stay and lower pain scores in patient
undergoing early surgery. Similarly, Khan et al,11 in a sys-
tematic review of 52 studies involving 291,413 patients,
concluded that early surgery was not likely to present a mor-
tality benefit but helped to reduce certain forms of morbidity
(eg, pressure sores and hospital stays). These mixed results

TABLE 2. Association Between Timing of Surgery (Time From
Hospital Admission to Start of Surgery) and 1-Year Mortality
(N = 720)

Primary Analysis
Incidence of 1 y

Mortality, No. (%)
Odds Ratio*‡
(95% CI) P§

Timing of surgery 159 (22) 1.005 (1.002–1.008)* 0.001

1.05 (1.02–1.08)†

Exploratory Analysis Odds Ratio‡ (99% CI)§

Timing of surgery group 0.01

,18 h (N = 173) 23 (13) 0.36 (0.15–0.83)

18–24 h (N = 111) 18 (16) 0.35 (0.14–0.87)

24–36 h (N = 120) 19 (16) 0.44 (0.19–1.05)

36–48 h (N = 105) 24 (23) 0.58 (0.26–1.34)

48–60 h (N = 41) 10 (24) 0.40 (0.12–1.31)

.60 h (N = 170) 65 (38) Reference group

*For a 1 hour (*) increase in the time from hospital admission to start of surgery.
†For a 10 hour (†) increase in the time from hospital admission to start of surgery.
‡All the analyses were adjusted for age, gender, race, weight, preoperative serum

creatinine and hemoglobin, ASA status, myocardial infarction, coronary artery disease,
pulmonary hypertension, cerebral vascular accident, malignancy, type of hip surgery,
emergent surgery, duration of surgery, general anesthesia, and year of surgery.

§The significance level for comparing each timing of surgery group versus the
group .60 hours was P , 0.01 (ie, 0.05/5 Bonferroni correction). Thus, 99% CIs were
reported.

FIGURE 2. Plot of the relationship between 1-year mortality
and timing of surgery (from hospital admission to start of
operation) using a univariable logistic regression incorporating
a smooth term for timing of surgery (natural cubic spline with
specified knots at 10th, 25th, 50th, 75th, and 90th percentile).
The solid line and the shaded region represent the estimated
probability of 1-year mortality and the corresponding confi-
dence interval as a function of the timing of surgery. The fringe
plot represents the distribution of the timing of surgery, where
each fringe line represents the location of the corresponding
raw data value on the x axis. All fringe lines are of equal length.
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stem from varied exposure and outcome definitions. A major
strength of our analysis comes from the fact that we consid-
ered surgical timing as a continuous exposure and studied its
effect on a discrete outcome—1-year mortality. The present
study suggests that there is a linear relationship between sur-
gical timing and mortality. The probability of mortality
increases with increasing surgical delay for the entire time
frame, suggesting that this relationship is not something which
occurs only if there was prolonged delay.

Mechanisms for how early surgery decreases mortality
is unclear. Inflammatory markers are elevated in patients
undergoing hip-fracture surgery and are proportional to the
extent of trauma and scope of surgery.9 Desborough et al19

described wide range of hormonal, immunological, hemato-
logical, and metabolic changes associated with such trauma.
The prolonged inflammatory response in delayed surgery can
lead to an increased risk of infection, delirium, and cardiovas-
cular complications, which might have contributed to higher
mortality found with delayed surgery.20 The results of the
present study suggest that these complications can potentially
be minimized by early surgery. As surgery is often delayed
because of the time required to clear patients for the surgery, it
is also possible that the higher mortality observed with surgi-
cal delay is due to the reasons for the delay in surgery rather
than the delay itself.21,22 Moran et al23 found that surgical
delay up to 4 days was not associated with an increase in
mortality in hip fracture patients who were declared fit for
surgery. Although the present study adjusted for comorbidities
which might have caused a delay in surgery, other potential
confounding and mediating factors may have been present. It
is possible that impact of surgical delay might be different for
healthy and sick patients and will need to be further studied.

We acknowledge the limitations of our analysis as
retrospective and single center. Although we adjusted for 16
baseline clinical status and surgical factors, our results might
be biased due to unmeasured (and thus not adjusted)
confounding factors. Furthermore, our results may differ in
other hospital settings. Randomized trials producing
high-quality evidence in this population are difficult due to
ethical issues and resource constraints. However, the Hip
Fracture Accelerated Surgical Treatment and Care Track
(HIP ATTACK) Investigators24 completed a pilot trial
“Accelerated Care versus Standard Care among Patients with
Hip Fracture” to show the feasibility of large RCT. The
results of their larger RCT are not available at this time.
Another limitation of a retrospective study is the accuracy
of the data. The study cohort was identified using ICD-9
diagnosis codes. We included all patients with the diagnosis
of hip fracture regardless of whether hip fracture or treatment
of hip fracture was their primary diagnosis or procedure
code. As hip fracture patients can have multiple comorbid-
ities, these patients might have had multiple procedures/
diagnoses during the same admission. As restricting the sam-
ple to those with hip fracture as only the primary code would
have resulted in biased inclusion, all patients were included.
The exposure time might be imprecise depending on how
quickly patients get to the hospital and whether patients were
admitted directly to our hospital or were transferred from
outside hospital. However, we believe that because hip

fracture is a painful and debilitating condition, it is logical
to assume that afflicted patients would seek medical care or
get transferred as soon as feasible. One-year mortality was
obtained from 3 sources: the Ohio Death Index Registry, the
United States Social Security Death Index Registry, and Peri-
operative Health Documentation System at the institution.
Although this can be considered to be comprehensive enough
in identifying all the deaths, we acknowledge that some
deaths might not have been captured.

In summary, the 1-year mortality observed in this study
was 22%. The present study found that surgical delay had
a linear relationship with 1-year mortality, suggesting that
a mere cutoff to define surgical delay may be inappropriate.
For every 10-hour increase in time from hospital admission
to surgery, the odds of 1-year mortality increased by 5%.
Although this study found an association between delay in
surgery and mortality similar to other studies, the reasons for
this association still remain unanswered. Further studies are
required to understand whether early surgery is superior to
surgery after medical optimization. However, until there is
strong evidence to support delaying the surgery till medical
clearance is obtained, we believe that hip fractures should be
treated with similar urgency to other time-sensitive
pathologies (such as stroke and myocardial ischemia) and
appropriate treatment should be instituted quickly.
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