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ABSTRACT

Background: Hip fracture is a common, morbid, and costly
event among older adults. Data are inconclusive as to
whether epidural or spinal (regional) anesthesia improves
outcomes after hip fracture surgery.
Methods: The authors examined a retrospective cohort of
patients undergoing surgery for hip fracture in 126 hos-
pitals in New York in 2007 and 2008. They tested the
association of a record indicating receipt of regional versus
general anesthesia with a primary outcome of inpatient
mortality and with secondary outcomes of pulmonary and
cardiovascular complications using hospital fixed-effects

logistic regressions. Subgroup analyses tested the associa-
tion of anesthesia type and outcomes according to fracture
anatomy.
Results: Of 18,158 patients, 5,254 (29%) received re-
gional anesthesia. In-hospital mortality occurred in 435
(2.4%). Unadjusted rates of mortality and cardiovascular
complications did not differ by anesthesia type. Patients
receiving regional anesthesia experienced fewer pulmo-
nary complications (359 [6.8%] vs. 1,040 [8.1%], P �
0.005). Regional anesthesia was associated with a lower
adjusted odds of mortality (odds ratio: 0.710, 95% CI
0.541, 0.932, P � 0.014) and pulmonary complications
(odds ratio: 0.752, 95% CI 0.637, 0.887, P � 0.0001)
relative to general anesthesia. In subgroup analyses, re-
gional anesthesia was associated with improved survival
and fewer pulmonary complications among patients with
intertrochanteric fractures but not among patients with
femoral neck fractures.
Conclusions: Regional anesthesia is associated with a lower
odds of inpatient mortality and pulmonary complications
among all hip fracture patients compared with general anes-
thesia; this finding may be driven by a trend toward im-
proved outcomes with regional anesthesia among patients
with intertrochanteric fractures.
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What We Already Know about This Topic

• Some prospective and observational studies demonstrate re-
duced major morbidity and mortality with regional compared
with general anesthesia for hip fractures

• No large observational study in the general, nonveteran popu-
lation, has examined this issue

What This Article Tells Us That Is New

• In a review of more than 18,000 patients having surgery for hip
fracture in New York in 2007 and 2008, use of regional anes-
thesia was associated with a 25–29% reduction in major pul-
monary complications and death
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F RAGILITY fractures of the hip present an urgent need
for better information to guide perioperative care. Hip

fractures are a global public health problem, occurring 1.6
million times worldwide each year, and their incidence is
anticipated to grow rapidly during the next three decades
because of the aging of the population.1–5 After indicated
surgical treatment, hip fracture patients experience high
rates of morbidity, mortality, and disability, with approx-
imately 5% dying during hospitalization and 10% dying
within 30 days because of high rates of pulmonary and
cardiovascular complications.6 –9 Few interventions exist
to reduce mortality after hip fracture,10,11 so identifying
new opportunities to improve outcomes in this popula-
tion is of urgent public health importance.

Use of regional anesthesia, via epidural, spinal, or peripheral
neural blockade, as a principal anesthetic technique has been
hypothesized to reduce the risks of postoperative complications
among patients undergoing surgery for hip fracture.10,12 Pro-
posed reasons for improved outcomes with regional anesthesia
include the avoidance of intubation and mechanical ventilation,
decreased blood loss, and improved postoperative analgesia.13

Conversely, general anesthesia may offer improved hemody-
namic stability relative to regional anesthesia.13

Past clinical trials comparing outcomes of regional versus
general anesthesia for hip fracture offer insufficient insights
to guide current practice because of small sample sizes14–19

and exclusion of key patient groups, including those with
delirium or dementia,14,20 and those undergoing hemiar-
throplasty or total hip arthroplasty.21 In this context, re-
search using observational data may offer unique strengths
for comparing the effectiveness of anesthesia type for hip
fracture surgery.22,23 Nonetheless, past observational studies
have produced conflicting results regarding the association
between anesthesia type and mortality after hip fracture, al-
ternately showing no difference in outcomes according to
anesthesia type24 and decreased mortality with regional an-
esthesia.8 In addition, little is known about how associations
between anesthesia type and outcomes may differ among
clinically relevant subgroups of hip fracture patients.

To compare the effectiveness of regional versus general
anesthesia for preventing mortality and major complications
after hip fracture surgery, we undertook an analysis of a large,
population-based cohort. Specifically, we aimed to compare
the probability of in-hospital death and selected pulmonary
and cardiovascular complications among hip fracture pa-
tients receiving regional versus general anesthesia, and to eval-
uate whether the association between anesthesia type and
outcome varied according to fracture anatomy. Our overall
hypothesis was that the probability of inpatient mortality,
major pulmonary complications, and major cardiovascular
complications would be lower among patients receiving re-
gional techniques as their principal anesthetic modality; we
also hypothesized that the association of anesthesia type with
outcomes would differ between patients with femoral neck
fractures and those with intertrochanteric fractures.

Materials and Methods

Data Sources and Study Sample
This study was exempted from review by the Institutional
Review Board of the University of Pennsylvania, Philadel-
phia, Pennsylvania. We examined data on adults aged 50 yr
and older undergoing hip fracture repair at hospitals in New
York state between January 1, 2007, and December 31,
2008, made publically available through the U.S. Agency for
Healthcare Quality’s Health Care Utilization Project as the
New York State Inpatient Database. This database includes
discharge records for all patients treated in general acute-care
hospitals in the state of New York and contains informa-
tion on patient demographics, discharge diagnoses, inpa-
tient procedures, anesthesia type, discharge status, and
hospital identifiers.

To create a cohort of adults undergoing surgery for hip
fracture, we selected all discharges with a principal or second-
ary diagnosis code for hip fracture, including pathologic
fractures of the femoral neck (International Classification of
Diseases-9-Clinical Modification [ICD-9-CM] diagnosis
codes 820.00–820.9, 733.14); within this group, we ex-
cluded patients without a principal procedure code corre-
sponding to open reduction, internal fixation, hemiarthro-
plasty, or total hip arthroplasty (ICD-9-CM codes 00.70–7;
79.15, 79.25, 79.35, 81.40, 81.51–3). We excluded patients
undergoing closed reduction without internal fixation
(79.05). To restrict our sample to a group of patients with
low-energy fragility fractures, we excluded patients younger
than 50 yr and those presenting with a diagnosis-related
group code indicating multiple trauma (diagnosis-related
groups 280, 418, 444–5, 484–7, 506, 508, or 510).

Validation of Exposure Variable
The New York State Inpatient Database has made data on
anesthesia type available since 1994, as collected and re-
ported by individual hospitals. Anesthesia type is reported as
a categorical variable with values corresponding to general,
regional, local, other, or no anesthesia. Each discharge record
in the New York State Inpatient Database contains a maxi-
mum of one value for anesthesia type; anesthesia care for
patients receiving more than one type of anesthesia during
their hospital stay is reported in the following hierarchical
order: general, regional, other, and local. Thus, patients re-
ceiving both general and regional anesthesia for a single
procedure or across multiple procedures within one hospital-
ization are listed as having received general anesthesia. For
the purposes of this analysis, we confined our comparisons of
outcomes to patients treated in hospitals where at least one
hip fracture discharge record included a valid anesthesia type
code; we also examined only those patients listed as receiving
either general or regional anesthesia, excluding patients
coded as receiving other, local, or no anesthesia. We also
excluded patients who underwent a secondary surgical pro-
cedure likely to require general anesthesia during their hos-
pital stay (appendix 1) because the anesthesia type received
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for hip fracture surgery could not be determined reliably for
these patients because of the coding structure of the study
data set.

The anesthesia type variables in the New York State In-
patient Database have been used in previous efforts to define
predictors of postoperative outcomes.25 However, we are not
aware of previous research validating these variables, so our
initial analyses explored the validity of anesthesia coding
within the study data set. Notably, the New York State Inpa-
tient Database lacks patient-specific identifiers or calendar dates,
precluding validation by comparison with external chart review.
Thus, we initially assessed the face validity of the database’s
anesthesia type codes by qualitatively examining those
ICD-9-CM procedure codes most frequently associated
with regional and general anesthesia within the data set.

Next, we examined the distribution of missing and invalid
anesthesia type codes for patients meeting our inclusion cri-
teria across all hospitals in our set. We compared hospital
characteristics, as recorded in the 2006 American Hospital
Association member survey, annual hip fracture volume, se-
lected patient characteristics, and clinical outcomes, between
hospitals in which all anesthesia codes were missing or invalid
and all remaining hospitals in our sample.

Outcome Variables
The primary outcome for the current study was in-hospital
mortality as recorded in the study database. Secondary out-
comes included major pulmonary and cardiovascular com-
plications, which represent common causes of postoperative
mortality among hip fracture patients6 with previously hy-
pothesized mechanistic associations with anesthesia type.13

We examined the following complications: pneumonia/
empyema, aspiration, respiratory failure, acute myocardial
infarction, congestive heart failure, and cardiac arrest. In ad-
dition, we created indicator variables for occurrence of any
pulmonary complication (i.e., pneumonia/empyema, aspira-
tion, or respiratory failure) and occurrence of any cardiovas-
cular complication (i.e., acute myocardial infarction, conges-
tive heart failure, or cardiac arrest). These variables were
equal to one if one or more complications within the relevant
organ system (i.e., cardiac or pulmonary) occurred, and zero
otherwise. We identified complications using ICD-9-CM
diagnosis and procedure codes based on algorithms originally
outlined by Romano et al.26 and Silber et al.27 (appendix 2).
The New York State Inpatient Database contains a present-
on-admission indicator to distinguish preexisting conditions
from complications developing during hospitalization. Past
research has demonstrated that use of present-on-admission
indicators can minimize bias in assessments of hospital out-
comes by distinguishing between preexisting conditions
and complications28 –30; thus, we deemed a complication
to have occurred if a discharge record contained a relevant
secondary ICD-9-CM code not identified as being present
on admission.

Control Variables
Control variables for patient sex, age in years, and race as
reported by the hospital were taken directly from the New
York State Inpatient Database. Race was categorized as black,
white, or other31 and examined as a potential confounder
because of known differences in hip fracture treatment and
outcomes occurring as a function of race.32,33 Based on ICD-
9-CM diagnosis and procedure codes, we developed vari-
ables indicating fracture location (femoral neck, intertro-
chanteric, subtrochanteric, and other location/multiple
fractures), pathologic fracture, and surgery type (hemiarthro-
plasty, total hip arthroplasty, or internal fixation). Comor-
bidities were defined according to algorithms outlined by
Elixhauser et al.,34 as adapted for ICD-9-CM diagnoses by
Quan et al.,35 as well as algorithms outlined by Silber et al.27

Comorbidities were considered present if the relevant ICD-
9-CM diagnosis was present in a secondary diagnosis field
and indicated as being present on admission.

Statistical Analyses
Initial analyses used the Wilcoxon rank sum test and the
chi-square test to compare characteristics of patients receiv-
ing regional and general anesthesia. Chi-square tests were
used to compare unadjusted rates of inpatient mortality and
respiratory and cardiovascular complications according to
anesthesia type. Next, we developed hospital fixed-effects
logistic regression models to measure the association of an-
esthesia type with our study outcomes while controlling for
potential patient- and hospital-level confounders. To select
variables for inclusion in models predicting each of our three
outcomes (mortality, pulmonary complications, and cardio-
vascular complications), we first constructed three separate
logistic regression models without hospital fixed-effects.
These models used backward elimination36 with a threshold
for variable removal of P � 0.2. Variables considered for
inclusion were: age, sex, fracture location, type of surgery,
presence of pathologic fracture, race, and 35 indicator vari-
ables for comorbidities; an indicator variable that equaled
one for patients receiving regional anesthesia was forced into
the model. Model discrimination was evaluated using the
c-statistic.

We constructed additional control variables for inclusion
in our regression models based on a propensity score to
improve balance on observed covariates between patients re-
ceiving regional versus general anesthesia.37,38 This score in-
dicated the probability of receiving regional anesthesia, based
on a logistic regression model that included all patient-level
covariates considered in development of our initial regression
models, along with a quadratic term for age. We stratified
patients into five groups of equal size by values of the pro-
pensity score and developed indicator variables for each pro-
pensity score quintile. For each of our outcomes, we devel-
oped hospital fixed-effects logistic regressions using Stata’s
xtlogit and clogit commands, setting the New York State
Inpatient Database’s unique hospital identifier as the cluster-
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ing variable; these models included the regional anesthesia
indicator, all variables selected by the relevant backward
elimination procedure, and indicators for propensity score
stratum. We anticipated that outcomes for patients treated at
a single hospital would be potentially correlated, so we ad-
justed all standard errors for clustering at the hospital level.39

To assess the robustness of our results to model specifica-
tion and to the variables included in the regression model, we
replicated all analyses in logistic regression models that
treated hospital as a random factor rather than a fixed factor
and in fixed and random effects models that omitted the
indicator for propensity score quintile.

We conducted subgroup analyses to test the association of
anesthesia type with outcomes among patients with femoral
neck and intertrochanteric fractures by reestimating each
fixed-effects regression model within the relevant patient
subgroup. All analyses used a threshold of P � 0.05 for
statistical significance and were conducted using Stata 10.0
(StataCorp, College Station, TX) and SAS 9.2 (SAS Insti-
tute, Cary, NC).

Results

Validation of Exposure Variable
We initially made qualitative assessments of the distribution
of anesthesia codes across procedures listed in the New York
State Inpatient Database as a whole. We found codes for
regional anesthesia to be most common among the proce-
dures in which our clinical experience suggested regional
anesthesia would be likely to be used. Among all discharges
for 2007 and 2008, the three most common procedures as-
sociated with regional anesthesia were cesarean section

(ICD-9-CM procedure code 74.1), manually assisted deliv-
ery (code 73.59), and repair of obstetrical laceration (code
75.69). The three procedures most frequently associated
with a code for general anesthesia were laparoscopic chole-
cystectomy (code 51.23), total knee replacement (code
81.54), and laparoscopic appendectomy (code 47.01).

We next examined the frequency of missing or invalid
values for anesthesia type among patients meeting our inclu-
sion criteria. Beginning with the universe of discharges from
New York hospitals in 2007 and 2008 (5,237,998 dis-
charges), we identified 38,605 patients with a relevant ICD-
9-CM diagnosis code for hip fracture; of these, we excluded
8,746 discharges without a relevant listed surgical procedure,
1,048 discharges among patients younger than 50 yr or with
a missing value for age, 155 hospitalizations for care of mul-
tiple trauma, and 1 discharge without a valid hospital iden-
tifier. This resulted in a sample of 28,655 discharges from
173 hospitals; of these hospitals, all anesthesia type codes
were missing or invalid for 47, accounting for 5,612 dis-
charges. Within the remaining 126 hospitals, anesthesia type
was missing or invalid for 11% of discharges. Comparison of
the 47 hospitals not reporting anesthesia type to the remain-
ing facilities in the sample (table 1) showed nonreporting
facilities to be less frequently located in metropolitan areas
and to have lower annual hip fracture volumes. Hip fracture
patients receiving care at reporting versus nonreporting facil-
ities did not differ in terms of age, gender, or unadjusted
in-hospital mortality.

Unadjusted Analyses
From our sample of 28,655 discharges, we excluded 10,122
patients with missing or invalid anesthesia codes, or an anes-

Table 1. Comparison of Hospitals Reporting Data on Anesthesia Type for Hip Fracture Surgery to Nonreporting
Hospitals, New York State, 2007–2008

—
Reporting

Hospitals (126)
Nonreporting
Hospitals (47) P Value

Facility characteristics
Median bed count (IQR) 263 (163, 441) 275 (143, 398) 0.996
Teaching hospital (%) 30 (23.8) 11 (23.4) 0.956
Urban/rural status* — — 0.0123

Large metropolitan (%) 56 (44.4) 34 (72.3) —
Small metropolitan (%) 48 (38.1) 9 (19.2) —
Micropolitan (%) 19 (15.1) 3 (6.4) —
Rural (%) 3 (2.4) 1 (2.1) —

Level 1 or 2 trauma center (%) 31 (24.6) 11 (23.4) 0.946
Median hip fracture discharges per facility, 2007 (IQR) 70 (36, 120) 48 (23, 79) 0.004
Median hip fracture discharges per facility, 2008 (IQR) 72 (36, 121) 49 (14, 80) 0.002

Patient characteristics: hip fracture discharges
Total discharges 23,043 5,612 —
Median age (IQR) 83 (76, 88) 83 (76, 88) 0.883
Male (%) 6,136 (26.6) 1,549 (27.6) 0.141
Mortality (%) 597 (2.6) 131 (2.3) 0.273

* Urban/rural status classified according to U.S. Office of Management and Budget Core Based Statistical Area classifications: large
metropolitan � population � 2,500,000; small metropolitan � population 50,000–2,500,000; micropolitan: population 10,000–50,000;
rural � population � 10,000.
IQR � interquartile range.
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thesia type of local, none, or other. We also excluded 375
patients with a listed major secondary surgical procedure,
obtaining a final study cohort of 18,158 patients. A diagram
depicting our process of defining our study sample appears in
figure 1. Of 18,158 patients in our sample, 5,254 (28.9%)
received regional anesthesia (table 2). The median percent-
age of patients receiving regional anesthesia at a given hospi-
tal was 25.7%, and the interquartile range was from 4.4% to
53.3%. The median number of cases discharged per facility
during the period was 119.5 (range: 1–739). Patients receiv-
ing regional anesthesia were older, more frequently of white
race, and less often had pathologic fractures. Chronic ob-
structive pulmonary disease and dementia were more com-
mon among those receiving regional anesthesia; malignancy,
diabetes, and chronic renal disease were more often present
among patients receiving general anesthesia.

Unadjusted comparisons of outcomes (table 3) showed
no significant differences in mortality according to anesthe-
sia type. Although we found no differences in rates of aspi-
ration or infectious pneumonia by anesthesia type, patients
receiving regional anesthesia experienced fewer episodes of
respiratory failure (3.4% compared with 5.0% for patients
with general anesthesia, P � 0.0001) and had a lower rate of
any pulmonary complication (6.8% vs. 8.1%, P � 0.005).
Unadjusted rates of cardiovascular complications did not
vary according to anesthesia type.

Adjusted Regression Analyses
We developed hospital fixed-effects logistic regressions to
predict in-hospital mortality, occurrence of any pulmonary
complication, and occurrence of any cardiac complication.
Selected model results are shown in table 4 and discussed
here; refer to appendices 3 through 11 for full model results.

For our mortality model, we began by developing a logis-
tic regression model without adjustment for hospital effects.
This model included an indicator for regional anesthesia and
21 control variables selected by backward elimination. These
were: sex, age, lymphoma, psychosis, metastatic cancer,
pathologic fracture, neurologic disorder, alcohol abuse, ar-
rhythmia, hypothyroidism, congestive heart failure, weight
loss, chronic obstructive pulmonary disease, valvular disease,
depression, diabetes (uncomplicated), renal disease, liver dis-
ease, electrolyte abnormality, hypertension (uncomplicated),
and hypertension (complicated); the model c-statistic was
0.77. We then developed a logistic regression model to pre-
dict mortality based on these covariates, an indicator for the
propensity score quintile, and hospital fixed effects. Using
this model, we found regional anesthesia to be associated
with a lower odds of in-hospital mortality relative to general
anesthesia (odds ratio [OR]: 0.710, 95% CI 0.541, 0.932,
P � 0.014).

We followed the same procedure to determine the ad-
justed odds of a pulmonary complication with regional versus
general anesthesia. We began by developing a logistic model,
without adjustment for hospital effects, to predict occurrence
of a pulmonary complication. This model included the re-
gional anesthesia indicator and the following control vari-
ables: sex, age, liver disease, fracture location, surgery type,
paralysis, hypothyroidism, renal disease, neurologic disorder,
peptic ulcer disease, congestive heart failure, hypertension
(complicated), hypertension (uncomplicated), chronic ob-
structive pulmonary disease, weight loss, and diabetes (un-
complicated); the model c-statistic was 0.67. A hospital
fixed-effects logistic regression model including these cova-
riates and an indicator for propensity score quintile showed
regional anesthesia to be associated with a lower odds of
pulmonary complications relative to general anesthesia (OR:
0.752, 95% CI 0.637, 0.887, P � 0.0001).

To predict cardiovascular complications, we began by de-
veloping a logistic regression model, without adjustment for
hospital effects. In addition to the regional anesthesia in-

Fig. 1. Creation of the study sample. ICD-9-CM � Interna-
tional Classification of Diseases-9-Clinical Modification.
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dicator, this model included control variables for sex, age,
race, fracture location, surgery type, rheumatoid arthritis,
hypertension, neurologic disorder, liver disease, electrolyte
abnormality, congestive heart failure, coagulopathy, chronic
obstructive pulmonary disease, dementia, depression, hy-
pothyroidism, hypertension (complicated), and valvular
disease. The model c-statistic was 0.66. After including
these covariates and an indicator for propensity score
quintile in a hospital fixed-effects logistic regression

model, we found no difference in cardiovascular compli-
cations according to anesthesia type (OR: 0.877, 95% CI
0.748, 1.029, P � 0.107).

We obtained similar results when we replicated these
analyses in hierarchical logistic models that used identical
sets of control variables but treated hospital as a random
factor, rather than a fixed factor; these models are reported in
full in appendices 12 through 20. Finally, we repeated all
regressions in fixed-effects and random-effects logistic mod-

Table 2. Comparison of Patient Characteristics by Anesthesia Type within 126 Hospitals in New York State, 2007–2008

— General Anesthesia Regional Anesthesia P Value

Discharges (%) 12,904 (71.1) 5,254 (28.9) —
Demographics — — —

Age (median, IQR) 82 (76, 88) 83 (77, 89) �0.0001
Male (%) 3,411 (26.4) 1,352 (25.7) 0.333
Race: White (%) 11,028 (85.5) 4,613 (87.8) �0.0001

Black (%) 456 (3.5) 122 (2.3) —
Other (%) 1,420 (11.0) 519 (9.9) —

Fracture characteristics/surgical treatment —
Femoral neck fracture (%) 6,213 (48.2) 2,553 (48.6) 0.213
Intertrochanteric fracture (%) 5,691 (44.1) 2,340 (44.5)
Subtrochanteric fracture (%) 575 (4.5) 201 (3.8) —
Multiple locations/other (%) 425 (3.3) 160 (3.1) —
Pathological fracture (%) 344 (2.7) 97 (1.9) 0.001

Surgery type: Internal fixation (%) 8,101 (62.8) 3,205 (61.0) 0.063
Hemiarthroplasty (%) 4,218 (32.7) 1,787 (34.0) —
Total hip arthroplasty (%) 585 (4.5) 262 (5.0) —

Comorbidities — — —
Congestive heart failure (%) 1,886 (14.6) 783 (14.9) 0.620
Valvular disease (%) 1,523 (11.8) 580 (11.0) 0.145
Prior myocardial infarction (%) 550 (4.3) 228 (4.3) 0.816
Arrhythmia (%) 2,749 (21.3) 1,129 (21.5) 0.783
Chronic obstructive pulmonary disease (%) 2,604 (20.2) 1,280 (24.4) �0.0001
Stroke (%) 544 (4.2) 204 (3.9) 0.306
Dementia (%) 2,427 (18.8) 1,084 (20.6) 0.005
Diabetes (%) 2,660 (20.6) 1,001 (19.1) 0.017
Electrolyte disorder (%) 2,090 (16.2) 870 (16.6) 0.549
Renal dysfunction (%) 1,508 (11.7) 532 (10.1) 0.003
Liver disease (%) 171 (1.3) 57 (1.1) 0.187
Malignancy (%) 839 (6.5) 277 (5.3) 0.002
Weight loss (%) 270 (2.1) 104 (2.0) 0.627

IQR � interquartile range.

Table 3. Comparison of Unadjusted In-hospital Outcomes by Anesthesia Type within 126 Hospitals in New York
State, 2007–2008

General Anesthesia Regional Anesthesia P Value

Discharges (%) 12,904 (71.1) 5,254 (28.9) —
Mortality (%) 325 (2.5) 110 (2.1) 0.090
Cardiac complications — — —
Congestive heart failure (%) 230 (1.8) 93 (1.8) 0.955
Acute myocardial infarction (%) 266 (2.1) 97 (1.9) 0.348
Cardiac arrest (%) 410 (3.2) 142 (2.7) 0.091
Any cardiac complication (%) 688 (5.3) 250 (4.8) 0.113
Pulmonary complications — — —
Aspiration (%) 333 (2.6) 133 (2.5) 0.849
Infectious pneumonia (%) 359 (2.8) 153 (2.9) 0.631
Respiratory failure (%) 641 (5.0) 180 (3.4) �0.0001
Any pulmonary complication (%) 1,040 (8.1) 359 (6.8) 0.005
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els that omitted the indicator for propensity score quintile,
obtaining similar results (not shown).

Subgroup Analyses
We repeated all of our regression analyses in subgroups re-
stricted to patients with femoral neck fractures and patients
with intertrochanteric fractures of the femur. Among pa-
tients with femoral neck fractures, our full hospital fixed-
effects models (table 5) indicated no difference in inpatient
mortality, pulmonary complications, or cardiovascular com-
plications by anesthesia type. In contrast, regional anesthesia
was associated with significantly lower odds of mortality and
pulmonary complications for patients with intertrochanteric
fractures.

Discussion
Among patients undergoing hip fracture surgery, we found a
29% lower adjusted odds of mortality among patients receiv-
ing a regional technique as their principal anesthetic modal-
ity relative to patients receiving general anesthesia. We found
a 24% decrease in the adjusted odds of any inpatient pulmo-
nary complication among patients receiving regional anes-
thesia, and both of these findings were consistent across re-
gression models that used a variety of approaches to risk
adjustment. In contrast, we did not observe a difference in

the odds of a major inpatient cardiovascular complication
according to anesthesia type. Finally, we found the associa-
tion of anesthesia type and outcomes to vary according to
fracture location; regional anesthesia was consistently as-
sociated with a lower odds of inpatient mortality and pul-
monary complications among patients with intertrochan-
teric fractures, but we found no similar association
between anesthesia type and outcomes among patients
with femoral neck fractures.

Our findings regarding mortality and complications are
similar in direction and magnitude to those reported by Rad-
cliff et al.8 in research on hip fracture outcomes among com-
munity-dwelling male veterans in the United States. This
previous study, using data from the Veterans Affairs–Na-
tional Surgical Quality Improvement Program, found gen-
eral anesthesia to be associated with a 27% increased odds of
mortality and a 33% increased odds of any complication at
30 days relative to regional anesthesia. Although our analyses
are confined to inpatient outcomes, we extend on this previ-
ous work in four key ways: first, by examining a population-
based sample of patients, we present data that may be more
generalizable to populations not included in the previous
study, such as female patients and non-community-dwelling
individuals. Second, our use of fixed-effect regression allows
us to compare outcomes among patients receiving regional or
general anesthesia within a given hospital. As such, our find-
ings regarding differences in mortality and respiratory com-
plications are unlikely to be explained by variations in the
quality of care between hospitals that differ in their use of
regional anesthesia. Third, our main regression models in-
corporated control variables based on a propensity score that
indicated the probability of receiving regional anesthesia.
Propensity score adjustment potentially decreases bias in re-
gression models by balancing the distributions of observed
covariates across patient groups receiving different treat-
ments37,38; thus, our use of a propensity score for risk adjust-
ment reduces the likelihood that our findings can be attrib-
uted to imbalances in observed covariates between patients
receiving regional versus general anesthesia. Fourth, we per-
formed subgroup analyses to understand how the association
between anesthesia care and outcome might differ according
to fracture characteristics. Mortality and functional impair-
ment are greater after intertrochanteric fractures than after
femoral neck fractures,40,41 although these differences may
be attributable to baseline differences in functional status and
illness severity between patients experiencing each fracture
type.42,43 Although it is important to note that our subgroup
analyses should be regarded as preliminary until replicated in
future work, the observation that certain groups of hip frac-
ture patients may have more to gain from the use of regional
anesthesia highlights the need for additional research to de-
fine subsets of the hip fracture population in which this tech-
nique may be beneficial; these subsets may include the old-
est-old, patients with advanced functional disability or

Table 4. Adjusted Outcomes by Anesthesia Type:
Hospital Fixed-effects Models

—
Odds
Ratio 95% CI

P
Value

Death (primary
outcome)

0.710 0.541, 0.932 0.014

Any pulmonary
complication

0.752 0.637, 0.887 �0.0001

Any cardiovascular
complication

0.877 0.748, 1.029 0.107

Table 5. Subgroup Analysis: Adjusted Outcomes by
Fracture Location

—
Odds
Ratio 95% CI

P
Value

Femoral neck fractures
Death (in-hospital) 0.815 0.544, 1.222 0.323
Any pulmonary

complication
0.823 0.652, 1.040 0.103

Any cardiovascular
complication

0.876 0.675, 1.135 0.316

Intertrochanteric
fractures

Death (in-hospital) 0.572 0.368, 0.889 0.013
Any pulmonary

complication
0.632 0.481, 0.830 0.001

Any cardiovascular
complication

0.821 0.628, 1.072 0.147
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frailty, and patients with baseline risk factors for pulmonary
complications.

The current work must be interpreted in the context of
multiple limitations. First, because of the observational na-
ture of the study, we cannot fully exclude the possibility that
unobserved differences may have existed between the groups
we compare here. Specifically, if sicker patients were more
likely to receive general anesthesia, our findings of a lower
odds of mortality and complications with regional anesthesia
may reflect selection bias. Although our statistical models
controlled for a range of observed confounders, the possibil-
ity of confounding attributable to unobserved differences
between patients receiving regional or general anesthesia
precludes determination of a causal effect of anesthesia
type on outcome from the current data. In addition, our
data do not offer insight into why the prevalence of se-
lected conditions, such as malignancy and renal dysfunc-
tion, varied according to anesthesia type. Additional re-
search is needed to characterize the decision-making
processes that underlie these variations.

Second, our findings are limited by the nature of anesthe-
sia variable coding in the study data set, which lists patients
receiving anesthetics that combine regional and general tech-
niques as having received general anesthesia alone. As a re-
sult, our findings are best interpreted as a comparison be-
tween patients receiving regional anesthesia, without general
anesthesia, to patients undergoing general anesthesia, with or
without an accompanying regional technique. Thus, we can-
not comment on the potential effects on outcomes of adding
a regional technique to a general anesthetic for hip fracture
care or the relative advantages of different types of regional
anesthesia. At the same time, it is important to note that this
pattern of coding was likely to have biased the comparisons
we present here toward the null hypothesis by diluting any
direct effect of regional anesthesia on outcome. As such, our
reported measures of association may underestimate the true
effect of regional anesthesia on mortality and major compli-
cations after hip fracture. Because the coding structure of the
study database prevented accurate identification of anesthesia
type among patients undergoing multiple procedures during a
single hospital stay, we chose to exclude these patients from our
analysis. Nonetheless, because these patients are likely to be
sicker than the overall hip fracture population, our exclusion of
them may limit the generalizability of our results.

Lastly, we note that 47 of the 173 hospitals we examined
initially did not provide information on anesthesia type, with
lower-volume hospitals and hospitals located outside of met-
ropolitan areas being less likely to report anesthesia type.
Thus, our findings may not be fully generalizable to these
types of hospital settings or to facilities located outside of
New York state. These considerations indicate that future
research using alternate data sources remains necessary to
confirm our findings.

Despite these limitations, this study has important impli-
cations for practice, policy, and research related to the treat-

ment of older adults with hip fracture. Our findings suggest
that the management of hip fracture surgery using regional
anesthesia may offer benefits in terms of inpatient mortality
and respiratory complications and that these benefits may
vary according to fracture type. Given the high rate of mor-
tality associated with hip fracture9,44 and the large and grow-
ing worldwide public health burden attributed to complica-
tions of hip fracture care,1,2,5 our findings highlight a
potential opportunity to improve outcomes among a grow-
ing population of vulnerable surgical patients. A rapid in-
crease is projected for the coming decades in the need for
health services to treat hip fractures among older adults, so
we urge additional research to confirm these findings and
better determine the extent to which, and among whom,
regional anesthesia may improve the outcomes of hip frac-
ture care.

References
1. Johnell O, Kanis JA: An estimate of the worldwide preva-

lence and disability associated with osteoporotic fractures.
Osteoporos Int 2006; 17:1726 –33

2. Johnell O, Kanis JA: An estimate of the worldwide preva-
lence, mortality and disability associated with hip fracture.
Osteoporos Int 2004; 15:897–902

3. Blackman DK, Kamimoto LA, Smith SM: Overview: Surveil-
lance for selected public health indicators affecting older
adults—United States. MMWR CDC Surveill Summ 1999; 48:
1– 6

4. Cummings SR, Rubin SM, Black D: The future of hip fractures
in the United States: Numbers, costs, and potential effects of
postmenopausal estrogen. Clin Orthop Relat Res 1990; 252:
163– 6

5. Braithwaite RS, Col NF, Wong JB: Estimating hip fracture
morbidity, mortality and costs. J Am Geriatr Soc 2003; 51:
364 –70

6. Roche JJ, Wenn RT, Sahota O, Moran CG: Effect of comor-
bidities and postoperative complications on mortality after
hip fracture in elderly people: Prospective observational
cohort study. BMJ 2005; 331:1374

7. Lawrence VA, Hilsenbeck SG, Noveck H, Poses RM, Carson
JL: Medical complications and outcomes after hip fracture
repair. Arch Intern Med 2002; 162:2053–7

8. Radcliff TA, Henderson WG, Stoner TJ, Khuri SF, Dohm M,
Hutt E: Patient risk factors, operative care, and outcomes
among older community-dwelling male veterans with hip
fracture. J Bone Joint Surg Am 2008; 90:34 – 42

9. Parker M, Johansen A: Hip fracture. BMJ 2006; 333:27–30

10. Beaupre LA, Jones CA, Saunders LD, Johnston DW, Bucking-
ham J, Majumdar SR: Best practices for elderly hip fracture
patients: A systematic overview of the evidence. J Gen Intern
Med 2005; 20:1019 –25

11. Neuman MD, Archan S, Karlawish JH, Schwartz JS, Fleisher
LA: The relationship between short-term mortality and qual-
ity of care for hip fracture: A meta-analysis of clinical path-
ways for hip fracture. J Am Geriatr Soc 2009; 57:2046 –54

12. Rodgers A, Walker N, Schug S, McKee A, Kehlet H, van
Zundert A, Sage D, Futter M, Saville G, Clark T, MacMahon S:
Reduction of postoperative mortality and morbidity with
epidural or spinal anaesthesia: Results from overview of
randomised trials. BMJ 2000; 321:1493

13. Parker MJ, Handoll HH, Griffiths R: Anaesthesia for hip frac-
ture surgery in adults. Cochrane Database Syst Rev 2004:
CD000521

14. Berggren D, Gustafson Y, Eriksson B, Bucht G, Hansson LI,

PERIOPERATIVE MEDICINE

Anesthesiology 2012; 117:72–92 Neuman et al.79

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/117/1/72/658864/0000542-201207000-00018.pdf by guest on 10 April 2024



Reiz S, Winblad B: Postoperative confusion after anesthesia
in elderly patients with femoral neck fractures. Anesth Analg
1987; 66:497–504

15. Davis FM, Laurenson VG: Spinal anaesthesia or general an-
aesthesia for emergency hip surgery in elderly patients. An-
aesth Intensive Care 1981; 9:352– 8

16. Juelsgaard P, Sand NP, Felsby S, Dalsgaard J, Jakobsen KB,
Brink O, Carlsson PS, Thygesen K: Perioperative myocardial
ischaemia in patients undergoing surgery for fractured hip
randomized to incremental spinal, single-dose spinal or gen-
eral anaesthesia. Eur J Anaesthesiol 1998; 15:656 – 63

17. McKenzie PJ, Wishart HY, Dewar KM, Gray I, Smith G:
Comparison of the effects of spinal anaesthesia and general
anaesthesia on postoperative oxygenation and perioperative
mortality. Br J Anaesth 1980; 52:49 –54

18. McLaren AD, Stockwell MC, Reid VT: Anaesthetic techniques
for surgical correction of fractured neck of femur: A com-
parative study of spinal and general anaesthesia in the el-
derly. Anaesthesia 1978; 33:10 –14

19. Racle JP, Benkhadra A, Poy JY, Gleizal B, Gaudray A: [Com-
parative study of general and spinal anesthesia in elderly
women in hip surgery]. Ann Fr Anesth Reanim 1986;
5:24 –30

20. Valentin N, Lomholt B, Jensen JS, Hejgaard N, Kreiner S:
Spinal or general anaesthesia for surgery of the fractured hip?
A prospective study of mortality in 578 patients. Br J Anaesth
1986; 58:284 –91

21. Davis FM, McDermott E, Hickton C, Wells E, Heaton DC,
Laurenson VG, Gillespie WJ, Foate J: Influence of spinal and
general anaesthesia on haemostasis during total hip arthro-
plasty. Br J Anaesth 1987; 59:561–71

22. Dreyer NA, Tunis SR, Berger M, Ollendorf D, Mattox P,
Gliklich R: Why observational studies should be among the
tools used in comparative effectiveness research. Health Aff
(Millwood) 2010; 29:1818 –25

23. Garrison LP Jr, Neumann PJ, Radensky P, Walcoff SD: A
flexible approach to evidentiary standards for comparative
effectiveness research. Health Aff (Millwood) 2010; 29:
1812–7

24. O’Hara DA, Duff A, Berlin JA, Poses RM, Lawrence VA, Huber
EC, Noveck H, Strom BL, Carson JL: The effect of anesthetic
technique on postoperative outcomes in hip fracture repair.
ANESTHESIOLOGY 2000; 92:947–57

25. Fleisher LA, Pasternak LR, Lyles A: A novel index of elevated
risk of inpatient hospital admission immediately following
outpatient surgery. Arch Surg 2007; 142:263– 8

26. Romano PS, Chan BK, Schembri ME, Rainwater JA: Can
administrative data be used to compare postoperative com-
plication rates across hospitals? Med Care 2002; 40:856 – 67

27. Silber JH, Romano PS, Rosen AK, Wang Y, Even-Shoshan O,
Volpp KG: Failure-to-rescue: Comparing definitions to mea-
sure quality of care. Med Care 2007; 45:918 –25

28. Glance LG, Osler TM, Mukamel DB, Dick AW: Impact of the
present-on-admission indicator on hospital quality measure-
ment: Experience with the Agency for Healthcare Research
and Quality (AHRQ) Inpatient Quality Indicators. Med Care
2008; 46:112–9

29. Stukenborg GJ, Wagner DP, Harrell FE Jr, Oliver MN, Kil-
bridge KL, Lyman J, Einbinder J, Connors AF Jr: Hospital

discharge abstract data on comorbidity improved the predic-
tion of death among patients hospitalized with aspiration
pneumonia. J Clin Epidemiol 2004; 57:522–32

30. Stukenborg GJ, Kilbridge KL, Wagner DP, Harrell FE Jr,
Oliver MN, Lyman JA, Einbinder JS, Connors AF Jr: Present-
at-admission diagnoses improve mortality risk adjustment
and allow more accurate assessment of the relationship be-
tween volume of lung cancer operations and mortality risk.
Surgery 2005; 138:498 –507

31. Arday SL, Arday DR, Monroe S, Zhang J: HCFA’s racial and
ethnic data: Current accuracy and recent improvements.
Health Care Financ Rev 2000; 21:107–16

32. Neuman MD, Fleisher LA, Even-Shoshan O, Mi L, Silber JH:
Nonoperative care for hip fracture in the elderly: The influ-
ence of race, income, and comorbidities. Med Care 2010;
48:314 –20

33. Polsky D, Jha AK, Lave J, Pauly MV, Cen L, Klusaritz H, Chen
Z, Volpp KG: Short- and long-term mortality after an acute
illness for elderly whites and blacks. Health Serv Res 2008;
43:1388 – 402

34. Elixhauser A, Steiner C, Harris DR, Coffey RM: Comorbidity
measures for use with administrative data. Med Care 1998;
36:8 –27

35. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi
JC, Saunders LD, Beck CA, Feasby TE, Ghali WA: Coding
algorithms for defining comorbidities in ICD-9-CM and
ICD-10 administrative data. Med Care 2005; 43:1130 –9

36. Kleinbaum DG, Kupper LL, Nizam A, Muller KE: Applied
Regression Analysis and Multivariable Methods, 4th edition.
Pacific Grove, CA, Duxbury Press, 2007

37. Rosenbaum PR, Rubin DB: The central role of the propensity
score in observational studies for causal effects. Biometrika
1983; 70:41–55

38. Rosenbaum PR: Design of Observational Studies. New York,
Springer, 2010

39. White H: A Heteroskedasticity-consistent covariance matrix
estimator and a direct test for heteroskedasticity. Economet-
rica 1980; 48:817–38

40. Koval KJ, Skovron ML, Aharonoff GB, Meadows SE, Zucker-
man JD: Ambulatory ability after hip fracture: A prospective
study in geriatric patients. Clin Orthop Relat Res 1995:
150 –9

41. Haentjens P, Autier P, Barette M, Venken K, Vanderschueren
D, Boonen S, Hip Fracture Study Group: Survival and func-
tional outcome according to hip fracture type: A one-year
prospective cohort study in elderly women with an intertro-
chanteric or femoral neck fracture. Bone 2007; 41:958 – 64

42. Cornwall R, Gilbert MS, Koval KJ, Strauss E, Siu AL: Func-
tional outcomes and mortality vary among different types of
hip fractures: A function of patient characteristics. Clin Or-
thop Relat Res 2004: 64 –71

43. Fox KM, Magaziner J, Hebel JR, Kenzora JE, Kashner TM:
Intertrochanteric versus femoral neck hip fractures: Differ-
ential characteristics, treatment, and sequelae. J Gerontol A
Biol Sci Med Sci 1999; 54:M635– 40

44. Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA,
Center JR: Mortality risk associated with low-trauma osteo-
porotic fracture and subsequent fracture in men and women.
JAMA 2009; 301:513–21

Anesthesia for Hip Fracture Surgery

Anesthesiology 2012; 117:72–92 Neuman et al.80

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/117/1/72/658864/0000542-201207000-00018.pdf by guest on 10 April 2024



Appendix 1. International Classification of Diseases-9-Clinical Modification (ICD-9-CM) Procedure Codes for
Abdominal, Cardiac, Thoracic, Vascular, and Neurosurgical Procedures, Grouped by Agency for Healthcare Research
and Quality Healthcare Cost and Utilization Project Clinical Classification Software (CCS) Group*

CCS 1 Incision and excision of central nervous system
0,101 0,109 0,121 0,122 0,123 0,124 0,125 0,126 0,127 0,128 0,131 0,132 0,139 0,141 0,142 0,151 0,152 0,153

0,159
CCS2 Insertion; replacement; or removal of extracranial ventricular shunt
0,231 0,232 0,233 0,234 0,235 0,239 0,242 0,243
CCS 3 Laminectomy; excision intervertebral disc
0,302 0,309 805 8,050 8,051 8,059 8,459 8,460 8,461 8,462 8,463 8,464 8,465 8,466 8,467 8,468 8,469 8,480 8,481

8,482 8,483 8,484 8,485
CCS 9 Other operating room therapeutic nervous system procedures
016 0,201 0,202 0,203 0,204 0,205 0,206 0,207 0,211 0,212 0,213 0,214 022 0,291 0,292 0,293 0,294 0,296 0,299

0,301 031 0,329 034 0,351 0,352 0,353 0,359 036 0,371 0,372 0,379 0,397 0,398 0,399 0,401 0,402 0,403 0,404
0,405 0,406 0,407 042 043 0,441 0,442 045 046 0,471 0,472 0,473 0,474 0,475 0,476 0,479 0,491 0,492 0,493
0,499 050 0,521 0,522 0,523 0,524 0,525 0,529 0,581 0,589 059 1,761 8,053 8,054 8,458 8,694 8,695 8,696 8,697
8,698

CCS 34 Tracheostomy; temporary and permanent
311 3,121 3,129
CCS 36 Lobectomy or pneumonectomy
3,220 3,221 3,222 3,223 3,224 3,225 3,226 3,229 323 3,230 3,239 324 3,241 3,249 325 3,250 3,259
CCS 42 Other operating room therapeutic procedures on respiratory system and mediastinum
3,001 3,009 301 3,021 3,022 3,029 303 304 313 315 3,161 3,162 3,163 3,164 3,169 3,171 3,172 3,173 3,174 3,175
3,179 3,191 3,192 3,198 3,199 320 3,209 321 326 329 330 331 3,334 3,339 3,341 3,342 3,343 3,348 3,349 3,392
3,393 3,398 3,399 3,401 3,403 3,405 341 343 344 3,451 3,452 3,459 346 3,473 3,474 3,479 3,481 3,482 3,483 3,484

3,485 3,489 3,493 3,499
CCS 43 Heart valve procedures
3,500 3,501 3,502 3,503 3,504 3,510 3,511 3,512 3,513 3,514 3,520 3,521 3,522 3,523 3,524 3,525 3,526 3,527

3,528 3,596 3,599
CCS 44 Coronary artery bypass graft
3,610 3,611 3,612 3,613 3,614 3,615 3,616 3,617 3,619 362 363 3,631 3,632 3,633 3,634 3,639
CCS 49 Other operating room heart procedures
3,531 3,532 3,533 3,534 3,535 3,539 3,541 3,542 3,550 3,551 3,552 3,553 3,554 3,555 3,560 3,561 3,562 3,563

3,570 3,571 3,572 3,573 3,581 3,582 3,583 3,584 3,591 3,592 3,593 3,594 3,595 3,598 3,600 3,603 3,609 3,691
3,699 3,710 3,711 3,712 3,731 3,732 3,733 3,734 3,735 3,736 374 3,741 3,749 3,752 3,753 3,754 3,755 3,760
3,761 3,762 3,763 3,764 3,765 3,766 3,767 3,768 3,790 3,791 3,799

CCS 50 Extracorporeal circulation auxiliary to open heart procedures
3,961 3,962 3,963 3,964 3,965 3,966
CCS 51 Endarterectomy; vessel of head and neck
3,811 3,812
CCS 52 Aortic resection; replacement or anastomosis
3,834 3,844 3,864 3,971 3,973
CCS 55 Peripheral vascular bypass
3,925 3,929
CCS 56 Other vascular bypass and shunt; not heart
390 391 3,921 3,922 3,923 3,924 3,926 3,928
CCS 59 Other operating room procedures on vessels of head and neck
0,061 0,062 0,063 0,064 0,065 3,801 3,802 3,831 3,832 3,841 3,842 3,851 3,852 3,861 3,862 3,881 3,882 3,972

3,974 3,975 3,976
CCS 61 Other operating room procedures on vessels other than head and neck
0,040 0,041 0,042 0,043 0,044 0,045 0,046 0,047 0,048 0,055 3,800 3,803 3,804 3,805 3,806 3,807 3,809 3,810

3,813 3,814 3,815 3,816 3,830 3,833 3,835 3,836 3,837 3,838 3,839 3,840 3,843 3,845 3,846 3,847 3,848 3,849
3,850 3,853 3,855 3,857 3,860 3,863 3,865 3,866 3,867 3,868 3,869 387 3,880 3,883 3,884 3,885 3,886 3,887
3,888 3,889 3,930 3,931 3,932 3,941 3,949 3,950 3,951 3,952 3,953 3,954 3,955 3,956 3,957 3,958 3,959 397
3,979 398 3,990 3,991 3,992 3,994 3,998 3,999

CCS 74 Gastrectomy; partial and total
435 436 437 4,381 4,389 4,391 4,399
CCS 75 Small bowel resection
4,561 4,562 4,563

(continued)
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Appendix 1. Continued

CCS 78 Colorectal resection
1,731 1,732 1,733 1,734 1,735 1,736 1,739 4,571 4,572 4,573 4,574 4,575 4,576 4,579 458 4,581 4,582 4,583 4,840

4,841 4,842 4,843 4,849 485 4,850 4,851 4,852 4,859 4,861 4,862 4,863 4,864 4,865 4,866 4,869
CCS 79 Local excision of large intestine lesion (not endoscopic)
4,541
CCS 80 Appendectomy
470 4,701 4,709 471 4,711 4,719
CCS 84 Cholecystectomy and common duct exploration
5,121 5,122 5,123 5,124 5,141 5,142 5,143 5,149 5,151 5,159
CCS 85 Inguinal and femoral hernia repair
1,711 1,712 1,713 1,721 1,722 1,723 1,724 5,300 5,301 5,302 5,303 5,304 5,305 5,310 5,311 5,312 5,313 5,314

5,315 5,316 5,317 5,321 5,329 5,331 5,339
CCS 86 Other hernia repair
5,341 5,342 5,343 5,349 5,351 5,359 5,361 5,362 5,363 5,369 537 5,371 5,372 5,375 5,380 5,381 5,382 5,383 5,384

539
CCS 87 Laparoscopy (gastrointestinal only)
5,421
CCS 88 Abdominal paracentesis
5,491
CCS 89 Exploratory laparotomy
5,411
CCS 90 Excision; lysis peritoneal adhesions
545 5,451 5,459
CCS 94 Other operating room upper gastrointestinal therapeutic procedures
4,201 4,209 4,210 4,211 4,212 4,219 4,231 4,232 4,239 4,240 4,241 4,242 4,251 4,252 4,253 4,254 4,255 4,256

4,258 4,259 4,261 4,262 4,263 4,264 4,265 4,266 4,268 4,269 427 4,282 4,283 4,284 4,285 4,286 4,287 4,289
4,299 430 433 4,342 4,349 4,400 4,401 4,402 4,403 442 4,421 4,429 4,431 4,438 4,439 4,440 4,441 4,442 445
4,461 4,463 4,464 4,465 4,466 4,467 4,468 4,469 4,491 4,492 4,495 4,496 4,497 4,498 4,499

CCS 96 Other operating room lower gastrointestinal therapeutic procedures
4,500 4,501 4,502 4,503 4,531 4,532 4,533 4,534 4,549 4,550 4,551 4,552 4,590 4,591 4,592 4,593 4,594 4,595

4,601 4,602 4,603 4,604 4,640 4,641 4,642 4,643 4,650 4,651 4,652 4,660 4,661 4,662 4,663 4,664 4,671 4,672
4,673 4,674 4,675 4,676 4,679 4,680 4,681 4,682 4,691 4,692 4,693 4,694 4,699 472 4,791 4,792 4,799 480 481
4,835 4,871 4,872 4,873 4,874 4,875 4,876 4,879 4,881 4,882 4,891 4,892 4,893 4,899 4,901 4,902 4,904 4,911
4,912 493 4,939 4,951 4,952 4,959 496 4,971 4,972 4,973 4,974 4,975 4,976 4,979 4,991 4,992 4,993 4,994 4,995
4,999

CCS 99 Other operating room gastrointestinal therapeutic procedures
1,763 500 5,021 5,022 5,023 5,024 5,025 5,026 5,029 503 504 5,061 5,069 5,102 5,103 5,104 5,131 5,132 5,133

5,134 5,135 5,136 5,137 5,139 5,161 5,162 5,163 5,169 5,171 5,172 5,179 5,181 5,182 5,183 5,189 5,191 5,192
5,193 5,194 5,195 5,199 5,201 5,209 522 5,222 523 524 5,251 5,252 5,253 5,259 526 527 5,292 5,295 5,296 5,299
540 5,412 5,419 543 544 5,461 5,462 5,463 5,464 5,471 5,472 5,473 5,474 5,475 5,492 5,493 5,494 5,495

* Healthcare Cost and Utilization Project. Clinical Classifications Software for Services and Procedures. 2009; http://www.hcup-us.ahrq.gov/
toolssoftware/ccs_svcsproc/ccssvcproc.jsp. Accessed October 26, 2011.
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Appendix 2. Coding Algorithms for Adverse Cardiac
and Pulmonary Events

Acute Myocardial Infarction: ICD-9-CM diagnosis codes
410.00–1; 410.10–1; 410.20–1; 410.30–1; 410.40–1;
410.50–1; 410.60–1; 410.70–1; 410.80–1; 410.90–1;
411.1, 411.81–9; 413.9

Congestive Heart Failure: ICD-9-CM diagnosis codes
428.0; 4,281; 428.20–1,3; 428.30–1,3; 428.40–1,3;
428.9; 785.51; 402.01; 402.11; 402.91

Cardiac Arrest: ICD-9-CM diagnosis codes 997.1;
427.5; 427.4; 427.41; 427.42

ICD-9-CM procedure codes 37.61; 37.91; 99.61; 99.60;
99.62; 99.63; 99.69

Pneumonia/empyema: ICD-9-CM diagnosis codes
480.0–487.0; 510.0–9; 513.0–1; 514

Aspiration: ICD-9-CM diagnosis codes 507.0–1; 507.8;
997.3

Respiratory Failure: ICD-9-CM diagnosis codes 518.4;
518.5; 518.81; 518.84; 518.82; 518.89; 799.01;
799.02; 799.1;

ICD-9-CM procedure codes: 96.70; 96.71; 96.72; 96.04

Note: For events defined by International Classification of Dis-
eases-9-Clinical Modification (ICD-9-CM) diagnosis codes, event
recorded if: (1) code appears in secondary diagnosis field and (2)
condition not present-on-admission, as determined by valid neg-
ative entry for present-on-admission indicator.

Appendix 3. Hospital Fixed-effects Logistic Regression
to Predict In-hospital Mortality among 18,158 Hip
Fracture Patients

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.710 0.541, 0.932 0.014
General anesthesia Reference — —
Female sex 0.596 0.480, 0.740 �0.0001
Age 1.047 1.032, 1.062 �0.0001
Lymphoma 2.389 1.158, 4.927 0.018
Psychosis 0.373 0.089, 1.558 0.176
Metastatic cancer 4.664 2.810, 7.741 �0.0001
Pathological fracture 0.615 0.290, 1.308 0.207
Neurologic disorder 1.436 0.992, 2.080 0.055
Alcohol abuse 0.496 0.193, 1.278 0.147
Cardiac arrhythmia 1.366 1.093, 1.709 0.006
Hypothyroidism 0.870 0.656, 1.153 0.332
Congestive heart

failure
2.268 1.800, 2.858 �0.0001

Weight loss 1.845 1.142, 2.980 0.012
Chronic obstructive

pulmonary disease
1.329 0.980, 1.802 0.067

Cardiac valvular
disease

1.385 1.033, 1.858 0.029

Depression 0.746 0.518, 1.074 0.115
Diabetes 0.725 0.539, 0.976 0.034
Liver disease 3.480 1.839, 6.586 �0.0001
Renal disease 1.920 1.225, 3.009 0.004
Electrolyte

abnormality
1.226 0.929, 1.617 0.150

Hypertension
(uncomplicated)

0.455 0.349, 0.594 �0.0001

Hypertension
(complicated)

0.665 0.424, 1.044 0.076

Propensity score
quintile 2

0.843 0.598, 1.187 0.328

Propensity score
quintile 3

1.098 0.777, 1.551 0.598

Propensity score
quintile 4

1.168 0.816, 1.672 0.395

Propensity score
quintile 5

1.152 0.733, 1.813 0.539
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Appendix 4. Hospital Fixed-effects Logistic Regression
to Predict Any In-hospital Pulmonary Complication
among 18,158 Hip Fracture Patients

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.752 0.637, 0.887 0.001
General anesthesia Reference — —
Female sex 0.659 0.581, 0.746 �0.0001
Age 1.079 1.020, 1.032 �0.0001
Liver disease 1.492 0.942, 2.364 0.088
Fracture type:

intertrochanteric
1.079 0.902, 1.292 0.405

Fracture type:
subtrochanteric

1.466 1.077, 1.994 0.015

Fracture type:
multiple/other

1.029 0.741, 1.429 0.864

Fracture type:
femoral neck

Reference — —

Surgery: internal
fixation

1.067 0.741, 1.536 0.726

Surgery: total hip
arthroplasty

1.375 1.145, 1.651 0.001

Surgery:
hemiarthroplasty

Reference — —

Paralysis 1.631 0.757, 3.514 0.211
Hypothyroidism 0.833 0.703, 0.988 0.036
Renal disease 1.160 0.895, 1.504 0.262
Ulcer 1.945 1.194, 3.168 0.008
Neurologic disorder 1.309 1.077, 1.592 0.007
Congestive heart

failure
1.838 1.626, 2.077 �0.0001

Hypertension
(complicated)

0.822 0.624, 1.082 0.162

Hypertension
(uncomplicated)

0.653 0.575, 0.741 �0.0001

Chronic obstructive
pulmonary
disease

1.830 1.573, 2.129 �0.0001

Weight loss 1.856 1.241, 2.776 0.003
Diabetes 0.809 0.694, 0.943 0.007
Propensity score

quintile 2
0.923 0.752, 1.133 0.445

Propensity score
quintile 3

0.962 0.777, 1.191 0.720

Propensity score
quintile 4

0.976 0.794, 1.199 0.818

Propensity score
quintile 5

1.003 0.778, 1.294 0.979

Appendix 5. Hospital Fixed-effects Logistic Regression
to Predict Any In-hospital Cardiovascular Complication
among 18,158 Hip Fracture Patients

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.877 0.748, 1.029 0.107
General anesthesia Reference — —
Female sex 0.860 0.731, 1.012 0.069
Age 1.041 1.033, 1.049 �0.0001
Race: white 0.798 0.468, 1.359 0.406
Race: black 1.151 0.849, 1.561 0.364
Race: other Reference — —
Fracture type:

intertrochanteric
1.357 1.086, 1.696 0.007

Fracture type:
subtrochanteric

1.548 1.032, 2.325 0.035

Fracture type:
multiple/other

1.486 1.025, 2.154 0.037

Fracture type:
femoral neck

Reference — —

Surgery: internal
fixation

1.385 0.931, 2.063
0.108

—

Surgery: total hip
arthroplasty

1.470 1.192, 1.814 �0.0001

Surgery:
hemiarthroplasty

Reference — —

Rheumatoid arthritis 0.576 0.359, 0.926 0.023
Hypertension

(uncomplicated)
0.772 0.651, 0.915 0.003

Neurologic disorder 0.814 0.599, 1.105 0.187
Liver disease 1.643 0.920, 2.934 0.093
Electrolyte

abnormality
0.814 0.648, 1.022 0.077

Congestive heart
failure

1.456 1.202, 1.765 �0.0001

Coagulopathy 0.683 0.390, 1.198 0.183
Chronic obstructive

pulmonary disease
1.358 1.127, 1.637 0.001

Dementia 0.737 0.613, 0.887 0.001
Depression 0.758 0.614, 0.937 0.010
Hypothyroidism 0.812 0.666, 0.991 0.041
Hypertension

(complicated)
1.254 0.982, 1.602 0.069

Cardiac valvular
disease

1.488 1.240, 1.784 �0.0001

Propensity score
quintile 2

1.193 0.926, 1.538 0.172

Propensity score
quintile 3

1.003 0.786, 1.280 0.980

Propensity score
quintile 4

1.052 0.805, 1.375 0.712

Propensity score
quintile 5

1.118 0.827, 1.510 0.469
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Appendix 6. Hospital Fixed-effects Logistic Regression
to Predict In-hospital Mortality among 8,766 Patients
with Femoral Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.815 0.544, 1.221 0.322
General anesthesia Reference — —
Female sex 0.745 0.538, 1.032 0.076
Age 1.030 1.008, 1.052 0.008
Lymphoma 2.806 0.967, 8.143 0.058
Psychosis 0.408 0.051, 3.247 0.397
Metastatic cancer 5.577 2.603, 11.951 �0.0001
Pathological

fracture
0.632 0.283, 1.410 0.263

Neurologic disorder 1.343 0.771, 2.340 0.298
Alcohol abuse 0.615 0.179, 2.107 0.439
Cardiac arrhythmia 1.540 1.104, 2.149 0.011
Hypothyroidism 0.792 0.535, 1.173 0.244
Congestive heart

failure
2.632 1.849, 3.745 �0.0001

Weight loss 1.429 0.585, 3.486 0.433
Chronic obstructive

pulmonary disease
1.322 0.844, 2.071 0.223

Cardiac valvular
disease

1.390 0.878, 2.202 0.160

Depression 0.627 0.368, 1.069 0.086
Diabetes 0.610 0.389, 0.957 0.031
Liver disease 3.952 1.576, 9.908 0.003
Renal disease 2.054 1.067, 3.954 0.031
Electrolyte

abnormality
1.058 0.706, 1.585 0.785

Hypertension
(uncomplicated)

0.508 0.335, 0.770 0.001

Hypertension
(complicated)

0.836 0.428, 1.634 0.600

Propensity score
quintile 2

0.954 0.572, 1.592 0.857

Propensity score
quintile 3

1.166 0.671, 2.026 0.587

Propensity score
quintile 4

1.144 0.647, 2.024 0.643

Propensity score
quintile 5

1.554 0.725, 3.332 0.257

Appendix 7. Hospital Fixed-effects Logistic Regression
to Predict Any In-hospital Pulmonary Complication
among 8,766 Patients with Femoral Neck Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.823 0.652, 1.040 0.103
General anesthesia Reference — —
Female sex 0.690 0.571, 0.834 �0.0001
Age 1.026 1.015, 1.036 �0.0001
Liver disease 1.575 0.859, 2.887 0.142
Surgery: internal

fixation
1.046 0.728, 1.503 0.807

Surgery: total hip
arthroplasty

1.406 1.119, 1.741 0.003

Surgery:
hemiarthroplasty

Reference — —

Paralysis 1.189 0.363, 3.898 0.775
Hypothyroidism 0.890 0.711, 1.116 0.313
Renal disease 1.052 0.704, 1.574 0.804
Peptic ulcer

disease
2.114 0.904, 4.942 0.084

Neurologic disorder 1.217 0.956, 1.548 0.111
Congestive heart

failure
2.022 1.677, 2.438 �0.0001

Hypertension
(complicated)

0.971 0.621, 1.519 0.897

Hypertension
(uncomplicated)

0.654 0.555, 0.771 �0.0001

Chronic obstructive
pulmonary disease

1.707 1.378, 2.115 �0.0001

Weight loss 1.674 1.020, 2.747 0.041
Diabetes 0.780 0.616, 0.987 0.038
Propensity score

quintile 2
1.028 0.763, 1.386 0.855

Propensity score
quintile 3

1.079 0.770, 1.513 0.658

Propensity score
quintile 4

1.023 0.718, 1.457 0.901

Propensity score
quintile 5

1.094 0.774, 1.546 0.609
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Appendix 8. Hospital Fixed-effects Logistic Regression
to Predict Any In-hospital Cardiovascular Complication
among 8,766 Patients with Femoral Neck Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.876 0.675, 1.135 0.316
General anesthesia Reference — —
Female sex 0.977 0.789, 1.211 0.834
Age 1.044 1.030, 1.058 �0.0001
Race: white 0.727 0.414, 1.279 0.269
Race: black 1.308 0.822, 2.082 0.258
Race: other Reference — —
Surgery: internal

fixation
1.536 0.988, 2.388 0.056

Surgery: total hip
arthroplasty

1.440 1.101, 1.883 0.008

Surgery:
hemiarthroplasty

Reference — —

Rheumatoid arthritis 0.686 0.364, 1.291 0.242
Hypertension

(uncomplicated)
0.890 0.710, 1.115 0.311

Neurologic disorder 1.148 0.782, 1.687 0.481
Liver disease 2.233 1.062, 4.696 0.034
Electrolyte

abnormality
0.772 0.557, 1.071 0.122

Congestive heart
failure

1.815 1.395, 2.363 �0.0001

Coagulopathy 0.608 0.269, 1.374 0.231
Chronic obstructive

pulmonary
disease

1.437 1.108, 1.865 0.006

Dementia 0.646 0.494, 0.845 0.001
Depression 0.609 0.423, 0.875 0.007
Hypothyroidism 0.706 0.517, 0.964 0.029
Hypertension

(complicated)
1.261 0.878, 1.812 0.210

Cardiac valvular
disease

1.254 0.973, 1.615 0.080

Propensity score
quintile 2

1.198 0.834, 1.721 0.329

Propensity score
quintile 3

0.956 0.650, 1.407 0.821

Propensity score
quintile 4

1.018 0.691, 1.500 0.928

Propensity score
quintile 5

1.147 0.727, 1.809 0.555

Appendix 9. Hospital Fixed-effects Logistic Regression
to Predict In-hospital Mortality among 8,031 Patients
with Intertrochanteric Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.572 0.368, 0.889 0.013
General anesthesia Reference — —
Female sex 0.478 0.342, 0.668 �0.0001
Age 1.058 1.033, 1.083 �0.0001
Lymphoma 1.924 0.572, 6.480 0.291
Psychosis 0.458 0.056, 3.748 0.466
Metastatic cancer 3.750 1.452, 9.682 0.006
Neurologic disorder 1.536 0.836, 2.821 0.167
Alcohol abuse 0.340 0.052, 2.219 0.260
Cardiac arrhythmia 1.102 0.758, 1.604 0.610
Hypothyroidism 0.979 0.611, 1.570 0.931
Congestive heart

failure
2.120 1.520, 2.956 �0.0001

Weight loss 2.915 1.542, 5.513 0.001
Chronic obstructive

pulmonary disease
1.231 0.801, 1.892 0.342

Cardiac valvular
disease

1.419 0.890, 2.263 0.141

Depression 0.982 0.624, 1.544 0.936
Diabetes 0.911 0.598, 1.388 0.665
Liver disease 3.086 0.972, 9.795 0.056
Renal disease 2.744 1.318, 5.710 0.007
Electrolyte

abnormality
1.495 1.032, 2.165 0.033

Hypertension
(uncomplicated)

0.379 0.266, 0.540 �0.0001

Hypertension
(complicated)

0.423 0.209, 0.859 0.017

Propensity score
quintile 2

0.697 0.366, 1.327 0.272

Propensity score
quintile 3

1.123 0.658, 1.917 0.671

Propensity score
quintile 4

1.195 0.662, 2.158 0.554

Propensity score
quintile 5

0.983 0.483, 1.998 0.962
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Appendix 10. Hospital Fixed-effects Logistic
Regression to Predict Any in-hospital Pulmonary
Complication among 8,031 Patients with
Intertrochanteric Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.632 0.482, 0.830 0.001
General anesthesia Reference — —
Female sex 0.608 0.491, 0.752 �0.0001
Age 1.026 1.016, 1.037 �0.0001
Liver disease 1.373 0.660, 2.859 0.397
Surgery: internal

fixation
1.391 0.392, 4.933 0.609

Surgery: total hip
arthroplasty

1.546 1.045, 2.288 0.029

Surgery:
hemiarthroplasty

Reference — —

Paralysis 2.893 0.819, 10.215 0.099
Hypothyroidism 0.799 0.601, 1.062 0.122
Renal disease 1.426 0.974, 2.087 0.068
Peptic ulcer disease 2.007 1.077, 3.741 0.028
Neurologic disorder 1.483 1.108, 1.984 0.008
Congestive heart

failure
1.630 1.361, 1.951 �0.0001

Hypertension
(complicated)

0.680 0.464, 0.995 0.047

Hypertension
(uncomplicated)

0.675 0.549, 0.832 �0.0001

Chronic obstructive
pulmonary disease

1.928 1.506, 2.469 �0.0001

Weight loss 2.221 1.236, 3.994 0.008
Diabetes 0.848 0.662, 1.086 0.191
Propensity score

quintile 2
0.846 0.620, 1.154 0.291

Propensity score
quintile 3

0.783 0.583, 1.051 0.104

Propensity score
quintile 4

0.951 0.692, 1.307 0.758

Propensity score
quintile 5

0.971 0.671, 1.406 0.878

Appendix 11. Hospital Fixed-effects Logistic
Regression to Predict Any In-hospital Cardiovascular
Complication among 8,031 Patients with
Intertrochanteric Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.821 0.628, 1.072 0.147
General anesthesia Reference — —
Female sex 0.727 0.593, 0.892 0.002
Age 1.038 1.023, 1.054 �0.0001
Race: white 0.604 0.250, 1.457 0.262
Race: black 1.046 0.708, 1.547 0.821
Race: other Reference — —
Surgery: internal

fixation
1.003 0.104, 9.622 0.998

Surgery: total hip
arthroplasty

1.844 1.099, 3.092 0.020

Surgery:
hemiarthroplasty

Reference — —

Rheumatoid arthritis 0.351 0.130, 0.952 0.040
Hypertension

(uncomplicated)
0.693 0.552, 0.869 0.002

Neurologic disorder 0.457 0.267, 0.781 0.004
Liver disease 1.257 0.526, 3.004 0.607
Electrolyte

abnormality
0.922 0.646, 1.318 0.657

Congestive heart
failure

1.196 0.914, 1.565 0.192

Coagulopathy 0.692 0.317, 1.510 0.355
Chronic obstructive

pulmonary disease
1.342 0.995, 1.810 0.054

Dementia 0.886 0.652, 1.203 0.438
Depression 0.937 0.699, 1.255 0.662
Hypothyroidism 0.966 0.717, 1.302 0.821
Hypertension

(complicated)
1.273 0.935, 1.733 0.125

Cardiac valvular
disease

1.606 1.210, 2.133 0.001

Propensity score
quintile 2

1.219 0.820, 1.813 0.328

Propensity score
quintile 3

0.993 0.674, 1.463 0.972

Propensity score
quintile 4

0.984 0.613, 1.578 0.946

Propensity score
quintile 5

1.057 0.620, 1.803 0.838
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Appendix 12. Hospital Random-effects Logistic
Regression to Predict In-hospital Mortality among
18,158 Hip Fracture Patients

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.762 0.607, 0.958 0.020
General anesthesia Reference — —
Female sex 0.600 0.488, 0.739 �0.0001
Age 1.047 1.033, 1.062 �0.0001
Lymphoma 2.372 1.111, 5.064 0.026
Psychosis 0.382 0.092, 1.581 0.184
Metastatic cancer 4.439 2.638, 7.469 �0.0001
Pathological

fracture
0.626 0.303, 1.294 0.206

Neurologic disorder 1.455 1.026, 2.064 0.035
Alcohol abuse 0.498 0.205, 1.207 0.123
Cardiac arrhythmia 1.407 1.133, 1.747 0.002
Hypothyroidism 0.840 0.633, 1.116 0.229
Congestive heart

failure
2.191 1.748, 2.745 �0.0001

Weight loss 1.837 1.136, 2.972 0.013
Chronic obstructive

pulmonary disease
1.365 1.047, 1.780 0.021

Cardiac valvular
disease

1.287 0.977, 1.696 0.073

Depression 0.769 0.544, 1.087 0.137
Diabetes 0.749 0.562, 0.997 0.048
Liver disease 3.628 1.968, 6.688 �0.0001
Renal disease 1.837 1.219, 2.769 0.004
Electrolyte

disorder
1.271 1.001, 1.613 0.049

Hypertension
(uncomplicated)

0.462 0.367, 0.582 �0.0001

Hypertension
(complicated)

0.682 0.465, 1.001 0.050

Propensity score
quintile 2

0.812 0.566, 1.165 0.258

Propensity score
quintile 3

1.034 0.704, 1.518 0.866

Propensity score
quintile 4

1.092 0.728, 1.638 0.670

Propensity score
quintile 5

1.093 0.684, 1.745 0.711

Appendix 13. Hospital Random-effects Logistic
Regression to Predict Any In-hospital Pulmonary
Complication among 18,158 Hip Fracture Patients

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.757 0.658, 0.870 �0.0001
General anesthesia Reference — —
Female sex 0.655 0.580, 0.740 �0.0001
Age 1.025 1.018, 1.033 �0.0001
Liver disease 1.545 1.006, 2.371 0.047
Fracture type:

intertrochanteric
1.083 0.908, 1.293 0.374

Fracture type:
subtrochanteric

1.500 1.115, 2.019 0.007

Fracture type:
multiple/other

1.070 0.759, 1.508 0.698

Fracture type:
femoral neck

Reference — —

Surgery: internal
fixation

1.082 0.776, 1.507 0.644

Surgery: total hip
arthroplasty

1.391 1.163, 1.663 �0.0001

Surgery:
hemiarthroplasty

Reference — —

Paralysis 1.737 0.841, 3.588 0.136
Hypothyroidism 0.839 0.714, 0.987 0.034
Renal disease 1.184 0.904, 1.549 0.220
Peptic ulcer

disease
1.909 1.088, 3.349 0.024

Neurologic disorder 1.299 1.063, 1.586 0.010
Congestive heart

failure
1.833 1.599, 2.102 �0.0001

Hypertension
(complicated)

0.819 0.630, 1.064 0.135

Hypertension
(uncomplicated)

0.662 0.583, 0.751 �0.0001

Chronic obstructive
pulmonary disease

1.849 1.591, 2.148 �0.0001

Weight loss 1.863 1.377, 2.520 �0.0001
Diabetes 0.813 0.695, 0.952 0.010
Propensity score

quintile 2
0.925 0.758, 1.129 0.444

Propensity score
quintile 3

0.959 0.777, 1.184 0.696

Propensity score
quintile 4

0.971 0.778, 1.211 0.792

Propensity score
quintile 5

0.997 0.776, 1.281 0.981

Anesthesia for Hip Fracture Surgery

Anesthesiology 2012; 117:72–92 Neuman et al.88

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/117/1/72/658864/0000542-201207000-00018.pdf by guest on 10 April 2024



Appendix 14. Hospital Random-effects Logistic
Regression to Predict Any In-hospital Cardiovascular
Complication among 18,158 Hip Fracture Patients

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.847 0.720, 0.998 0.047
General anesthesia Reference — —
Female sex 0.853 0.733, 0.993 0.041
Age 1.041 1.031, 1.051 �0.0001
Race: white 0.823 0.516, 1.310 0.411
Race: black 1.183 0.942, 1.484 0.148
Race: other Reference — —
Fracture type:

intertrochanteric
1.364 1.097, 1.696 0.005

Fracture type:
subtrochanteric

1.586 1.095, 2.298 0.015

Fracture type:
multiple/other

1.494 1.013, 2.203 0.043

Fracture type:
femoral neck

Reference — —

Surgery: internal
fixation

1.455 0.988, 2.143 0.058

Surgery: total hip
arthroplasty

1.490 1.193, 1.862 �0.0001

Surgery:
hemiarthroplasty

Reference — —

Rheumatoid arthritis 0.569 0.347, 0.933 0.025
Hypertension

(uncomplicated)
0.778 0.668, 0.906 0.001

Neurologic disorder 0.798 0.593, 1.074 0.136
Liver disease 1.620 0.924, 2.841 0.092
Electrolyte disorder 0.809 0.669, 0.978 0.028
Congestive heart

failure
1.477 1.250, 1.744 �0.0001

Coagulopathy 0.666 0.413, 1.074 0.095
Chronic obstructive

pulmonary disease
1.382 1.144, 1.670 0.001

Dementia 0.748 0.622, 0.900 0.002
Depression 0.763 0.605, 0.962 0.022
Hypothyroidism 0.815 0.672, 0.989 0.038
Hypertension

(complicated)
1.243 1.004, 1.540 0.046

Cardiac valvular
disease

1.467 1.209, 1.780 �0.0001

Propensity score
quintile 2

1.156 0.902, 1.480 0.252

Propensity score
quintile 3

0.964 0.734, 1.264 0.789

Propensity score
quintile 4

0.999 0.745, 1.339 0.992

Propensity score
quintile 5

1.052 0.760, 1.457 0.759

Appendix 15. Hospital Random-effects Logistic
Regression to Predict Any In-hospital Mortality among
8,766 Patients with Femoral Neck Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.800 0.570, 1.122 0.196
General anesthesia Reference — —
Female sex 0.740 0.546, 1.002 0.051
Age 1.031 1.011, 1.052 0.003
Lymphoma 3.185 1.179, 8.609 0.022
Psychosis 0.438 0.059, 3.268 0.421
Metastatic cancer 5.450 2.677, 11.096 �0.0001
Pathological

fracture
0.585 0.264, 1.298 0.187

Neurologic disorder 1.360 0.808, 2.288 0.247
Alcohol abuse 0.581 0.169, 1.995 0.388
Cardiac arrhythmia 1.638 1.195, 2.245 0.002
Hypothyroidism 0.796 0.525, 1.207 0.283
Congestive heart

failure
2.535 1.824, 3.523 �0.0001

Weight loss 1.487 0.660, 3.349 0.338
Chronic obstructive

pulmonary disease
1.347 0.926, 1.959 0.119

Cardiac valvular
disease

1.263 0.839, 1.903 0.263

Depression 0.660 0.394, 1.106 0.115
Diabetes 0.637 0.412, 0.985 0.043
Liver disease 3.798 1.582, 9.120 0.003
Renal disease 2.072 1.154, 3.718 0.015
Electrolyte

disorder
1.146 0.798, 1.644 0.461

Hypertension
(uncomplicated)

0.516 0.366, 0.725 �0.0001

Hypertension
(complicated)

0.811 0.475, 1.382 0.441

Propensity score
quintile 2

0.935 0.552, 1.584 0.803

Propensity score
quintile 3

1.069 0.596, 1.918 0.823

Propensity score
quintile 4

1.067 0.578, 1.969 0.835

Propensity score
quintile 5

1.470 0.744, 2.906 0.268
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Appendix 16. Hospital Random-effects Logistic
Regression to Predict Any In-hospital Pulmonary
Complication among 8,766 Patients with Femoral Neck
Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.843 0.697, 1.020 0.079
General anesthesia Reference — —
Female sex 0.688 0.580, 0.817 �0.0001
Age 1.025 1.014, 1.036 �0.0001
Liver disease 1.587 0.846, 2.976 0.150
Surgery: internal

fixation
1.084 0.748, 1.572 0.670

Surgery: total hip
arthroplasty

1.399 1.141, 1.716 0.001

Surgery:
hemiarthroplasty

Reference — —

Paralysis 1.375 0.475, 3.981 0.557
Hypothyroidism 0.915 0.732, 1.144 0.437
Renal disease 1.085 0.748, 1.574 0.665
Peptic ulcer disease 2.040 0.873, 4.769 0.100
Neurologic disorder 1.202 0.903, 1.602 0.207
Congestive heart

failure
1.992 1.641, 2.419 �0.0001

Hypertension
(complicated)

0.939 0.659, 1.338 0.727

Hypertension
(uncomplicated)

0.653 0.545, 0.783 �0.0001

Chronic obstructive
pulmonary disease

1.730 1.406, 2.128 �0.0001

Weight loss 1.683 1.056, 2.683 0.029
Diabetes 0.787 0.626, 0.990 0.041
Propensity score

quintile 2
1.041 0.779, 1.393 0.785

Propensity score
quintile 3

1.085 0.800, 1.471 0.599

Propensity score
quintile 4

1.039 0.756, 1.426 0.815

Propensity score
quintile 5

1.122 0.790, 1.592 0.520

Appendix 17. Hospital Random-effects Logistic
Regression to Predict Any In-hospital Cardiovascular
Complication among 8,766 Patients with Femoral Neck
Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.894 0.708, 1.128 0.345
General anesthesia Reference — —
Female sex 0.970 0.777, 1.212 0.791
Age 1.043 1.028, 1.058 �0.0001
Race: white 0.685 0.350, 1.338 0.268
Race: black 1.202 0.848, 1.703 0.302
Race: other Reference — —
Surgery: internal

fixation
1.662 1.076, 2.567 0.022

Surgery: total hip
arthroplasty

1.475 1.135, 1.918 0.004

Surgery:
hemiarthroplasty

— — —

Rheumatoid arthritis 0.700 0.376, 1.306 0.263
Hypertension

(uncomplicated)
0.889 0.709, 1.114 0.305

Neurologic disorder 1.050 0.707, 1.557 0.810
Liver disease 2.178 1.021, 4.645 0.044
Electrolyte disorder 0.766 0.576, 1.020 0.068
Congestive heart

failure
1.853 1.455, 2.361 �0.0001

Coagulopathy 0.585 0.276, 1.241 0.162
Chronic obstructive

pulmonary disease
1.454 1.112, 1.902 0.006

Dementia 0.670 0.507, 0.887 0.005
Depression 0.620 0.433, 0.886 0.009
Hypothyroidism 0.724 0.539, 0.972 0.031
Hypertension

(complicated)
1.219 0.886, 1.677 0.224

Cardiac valvular
disease

1.209 0.898, 1.626 0.211

Propensity score
quintile 2

1.127 0.773, 1.643 0.535

Propensity score
quintile 3

0.893 0.592, 1.348 0.590

Propensity score
quintile 4

0.939 0.611, 1.444 0.776

Propensity score
quintile 5

1.064 0.667, 1.697 0.794
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Appendix 18. Hospital Random-effects Logistic
Regression to Predict In-hospital Mortality among 8,031
Patients with Intertrochanteric Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.697 0.494, 0.984 0.040
General anesthesia Reference — —
Female sex 0.498 0.364, 0.682 �0.0001
Age 1.056 1.033, 1.080 �0.0001
Lymphoma 1.975 0.563, 6.920 0.288
Psychosis 0.410 0.054, 3.125 0.389
Metastatic cancer 3.941 1.657, 9.372 0.002
Neurologic disorder 1.564 0.930, 2.630 0.092
Alcohol abuse 0.341 0.074, 1.570 0.167
Cardiac arrhythmia 1.117 0.802, 1.556 0.512
Hypothyroidism 0.878 0.575, 1.340 0.545
Congestive heart

failure
1.951 1.394, 2.731 �0.0001

Weight loss 2.629 1.420, 4.868 0.002
Chronic obstructive

pulmonary disease
1.261 0.823, 1.932 0.286

Cardiac valvular
disease

1.420 0.939, 2.147 0.097

Depression 0.959 0.589, 1.562 0.867
Diabetes 0.918 0.611, 1.380 0.682
Liver disease 3.332 1.205, 9.214 0.020
Renal disease 2.497 1.318, 4.729 0.005
Electrolyte disorder 1.525 1.083, 2.147 0.016
Hypertension

(uncomplicated)
0.392 0.277, 0.556 �0.0001

Hypertension
(complicated)

0.476 0.261, 0.868 0.015

Propensity score
quintile 2

0.673 0.382, 1.185 0.170

Propensity score
quintile 3

1.139 0.645, 2.012 0.655

Propensity score
quintile 4

1.179 0.635, 2.188 0.602

Propensity score
quintile 5

0.950 0.448, 2.018 0.895

Appendix 19. Hospital Random-effects Logistic
Regression to Predict Any In-hospital Pulmonary
Complication among 8,031 Patients with
Intertrochanteric Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.668 0.540, 0.827 �0.0001
General anesthesia Reference — —
Female sex 0.609 0.503, 0.738 �0.0001
Age 1.026 1.014, 1.038 �0.0001
Liver disease 1.420 0.712, 2.833 0.320
Surgery: internal

fixation
1.396 0.485, 4.014 0.536

Surgery: total hip
arthroplasty

1.511 0.944, 2.418 0.085

Surgery:
hemiarthroplasty

Reference — —

Paralysis 3.053 0.971, 9.605 0.056
Hypothyroidism 0.780 0.603, 1.010 0.060
Renal disease 1.479 0.968, 2.260 0.070
Peptic ulcer

disease
2.040 0.941, 4.422 0.071

Neurologic disorder 1.446 1.069, 1.955 0.017
Congestive heart

failure
1.644 1.333, 2.028 �0.0001

Hypertension
(complicated)

0.699 0.460, 1.062 0.093

Hypertension
(uncomplicated)

0.686 0.564, 0.836 �0.0001

Chronic obstructive
pulmonary disease

1.941 1.527, 2.468 �0.0001

Weight loss 2.255 1.486, 3.420 �0.0001
Diabetes 0.859 0.677, 1.090 0.212
Propensity score

quintile 2
0.848 0.622, 1.156 0.296

Propensity score
quintile 3

0.785 0.565, 1.089 0.147

Propensity score
quintile 4

0.911 0.648, 1.281 0.592

Propensity score
quintile 5

0.934 0.630, 1.386 0.736
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Appendix 20. Hospital Random-effects Logistic
Regression to Predict Any In-hospital Cardiovascular
Complication among 8,031 Patients with
Intertrochanteric Fractures

Covariate
Odds
Ratio 95% CI

P
Value

Regional anesthesia 0.766 0.602, 0.975 0.030
General anesthesia Reference — —
Female sex 0.734 0.585, 0.922 0.008
Age 1.038 1.023, 1.054 �0.0001
Race: white 0.749 0.345, 1.627 0.466
Race: black 1.205 0.875, 1.658 0.253
Race: other Reference — —
Surgery: internal

fixation
0.911 0.213, 3.894 0.900

Surgery: total hip
arthroplasty

1.862 1.126, 3.078 0.015

Surgery:
hemiarthroplasty

Reference — —

Rheumatoid arthritis 0.335 0.123, 0.913 0.032
Hypertension

(uncomplicated)
0.706 0.561, 0.887 0.003

Neurologic disorder 0.468 0.274, 0.799 0.005
Liver disease 1.269 0.501, 3.213 0.616
Electrolyte

disorder
0.904 0.689, 1.186 0.468

Congestive heart
failure

1.208 0.940, 1.553 0.139

Coagulopathy 0.703 0.355, 1.394 0.313
Chronic obstructive

pulmonary disease
1.381 1.031, 1.851 0.030

Dementia 0.901 0.694, 1.170 0.435
Depression 0.954 0.690, 1.320 0.776
Hypothyroidism 0.961 0.728, 1.268 0.778
Hypertension

(complicated)
1.332 0.975, 1.821 0.072

Cardiac valvular
disease

1.618 1.224, 2.138 0.001

Propensity score
quintile 2

1.202 0.827, 1.747 0.336

Propensity score
quintile 3

0.994 0.663, 1.490 0.977

Propensity score
quintile 4

0.972 0.623, 1.516 0.900

Propensity score
quintile 5

0.993 0.601, 1.643 0.979
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