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ABSTRACT

Background: Substantial variation in primary anesthesia type for hip fracture surgery exists. Previous work has demonstrated
that patients cared for at hospitals using less than 20 to 25% neuraxial anesthesia have decreased survival. Therefore, the
authors aimed to identify sources of variation in anesthesia type, considering patient-, anesthesiologist-, and hospital-level
variables.

Methods: Following protocol registration (NCT02787031), the authors conducted a cross-sectional analysis of a population-
based cohort using linked administrative data in Ontario, Canada. The authors identified all people greater than 65 yr of
age who had emergency hip fracture surgery from April 2002 to March 2014. Generalized linear mixed models were used to
account for hierarchal data and measure the adjusted association of hospital-, anesthesiologist-, and patient-level factors with
neuraxial anesthesia use. The proportion of variation attributable to each level was estimated using variance partition coef-
ficients and the median odds ratio for receipt of neuraxial anesthesia.

Results: Of 107,317 patients, 57,080 (53.2%) had a neuraxial anesthetic. The median odds ratio for receiving neurax-
ial anesthesia was 2.36 between randomly selected hospitals and 2.36 between randomly selected anesthesiologists. The
majority (60.1%) of variation in neuraxial anesthesia use was explained by patient factors; 19.9% was attributable to
the anesthesiologist providing care and 20.0% to the hospital where surgery occurred. The strongest patient-level
predictors were absence of preoperative anticoagulant or antiplatelet agents, absence of obesity, and presence of pul-
monary disease.

Conclusions: While patient factors explain most of the variation in neuraxial anesthesia use for hip fracture surgery, 40% of
variation is attributable to anesthesiologist and hospital-level practice. Efforts to change practice patterns will need to consider
hospital-level processes and anesthesiologists’ intentions and behaviors. (ANESTHESIOLOGY 2018; 129:1121-31)

ARIATIONS in clinical practice are well documented
across different areas of medicine and jurisdictions."?
Some variation in care delivery is warranted and expected.
Differences in patient illness and preferences should drive * Neuraxial anesthesia use for hip fracture surgery has wide
individualization of care in pursuit of better outcomes. How- variation in use across hospitals, and hospitals using it for less

. dical . L. lained b than 25% of patients may have increased 30-day mortality
cver, In some cases, medical practice Vana??fl unexpiained by e The proportion of the variation in use attributable to patient,

is associated with provider, and hospital factors remains unknown
1 4 5 . . .
adverse outcomes.!**> Identification of reasons for such varia- . .
. . . .. What This Manuscript Tells Us That Is New
tion could help inform development of strategies to minimize
unexplained variation and improve patient outcomes. e Canadian administrative data demonstrate that approximately

60% of the variation in neuraxial use is attributable to patient
factors, 20% to provider factors, and 20% to hospital factors
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patient illness, risk factors, or preferences
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More than 300,000 hip fracture surgeries are performed in

. ‘6
the United States annually;® more than 20,000 are performed * The specific anesthesiologist or hospital a patient receives care
in Canada.” Hip fracture surgery is associated with relatively from affects the likelihood of neuraxial use more than most
high morbidity and mortality rates (more than 20%?8 and 6%,’ clinical factors
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respectively). Efforts are needed to improve the quality and
outcomes of anesthesia care for these high-risk patients. Sub-
stantial variation in the use of general anesthesia versus neur-
axial anesthesia has been documented in the United States,'®
United Kingdom,'! and Canada.'? While the current evidence
does not convincingly support the role of neuraxial anesthe-
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sia in improving postoperative outcomes,
anesthesia may decrease respiratory and hematologic adverse
events,’® and length of stay.!” In addition, we have recently
shown that patients who have hip fracture surgery in hospitals
that use more than 20 to 25% neuraxial anesthesia for hip frac-
ture surgery have significantly higher risk-adjusted survival.'?

A key step to guiding efforts to decrease unexplained
practice variation and improve outcomes is understand-
ing how much variation in anesthesia type is explained by
patient-level factors versus other factors, such as clinician
or hospital practice patterns.!” We, therefore, conducted a
cross-sectional analysis of a population-based cohort to mea-
sure the extent of practice variation in choice of anesthesia
type attributable to hospital-, anesthesiologist-, and patient-
level factors, as well as to identify specific characteristics at
cach of these levels that significantly influence a patient’s
likelihood of receiving a neuraxial anesthesia.

Materials and Methods

Setting and Data

Following ethical approval from the Sunnybrook Health Sci-
ences Research Board (Toronto, Canada), we conducted a
population-based cross-sectional analysis in Ontario, Canada,
where hospital and physician services are provided to all resi-
dents through a publicly funded healthcare system and recorded
in health administrative datasets that are collected using stan-
dardized methods.’®!? All data were linked deterministically
using anonymized, encrypted, patient-specific identifiers at
the Institute for Clinical Evaluative Sciences, an independent
research institute that houses the health administrative data for
the province of Ontario. Datasets used for the study included
the Discharge Abstract Database, which captures all hospital-
izations; the Ontario Health Insurance Plan database, which
captures physician service claims; the National Ambulatory
Care Reporting System, which captures details of all emer-
gency and outpatient care; the Continuing Care Reporting
System, which records details of long-term and respite care;
the Ontario Drug Benefits Database, which captures prescrip-
tion drug claims for residents 65 yr and older; the Institute for
Clinical Evaluative Sciences Physician Database, which houses
information on physician specialty, demographics, training,
and workload; and the Registered Persons Database, which
captures all death dates for residents of Ontario. The analytic
dataset was assembled by a trained data analyst independent
of the study team. Analysis was performed by the lead author
(D.I.M.) and overseen by the senior author (C.v.W). The study
protocol was registered at clinicaltrials.gov (NCT02787031,
which included two objectives: the outcome study previously
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reported'? and the current variation analysis). The manuscript
is reported according to guidelines.?*!

Cohort

We identified all Ontario residents who were 66 yr or older
on the day of their emergency hip fracture surgery, an age
cutoff that allowed us to identify prescription medications in
the year before surgery (universal drug coverage is available
starting at age 65 yr). These patients were identified using
Canadian Classification of Interventions codes to identify
hip fracture surgery (diagnostic code S72 for hip fracture;
then procedural codes 1VA53, 1VA74, 1VC74, or 1SQ53).%
Reabstraction studies demonstrate that these codes are accu-
rate and reliable (i 0.95; positive predictive value, 0.95).%
We limited our sample to individuals who were admitted to
hospital on a nonelective basis to exclude elective hip opera-
tions. Participants were identified from April 2002, the date
of introduction of the nternational Classification of Diseases,
Tenth Edition (ICD-10) to identify diagnoses, and the Cana-
dian Classification of Interventions to identify procedures, to
March 2014, the latest time at which all datasets were com-
plete. Patients were excluded if they were treated in a hospital
that did fewer than 10 hip fracture surgeries per year or if the
anesthesia type was missing from their administrative records.

Exposure

Anesthesia type was captured from the Discharge Abstract
Database, where anesthesia type is coded for every opera-
tive procedure; reabstraction demonstrates 94% agreement
for this field.?* Anesthesia type was coded in the Discharge
Abstract Database as general, spinal, epidural, or combined
general and neuraxial. Patients who received an epidural or
spinal anesthetic without concurrent general anesthesia were
categorized as having received neuraxial anesthesia, while any
patient who received general anesthesia (including those who
had a combined general anesthesia and neuraxial anesthesia)
were categorized as not having received neuraxial anesthesia.

Outcomes

Although adjusted outcome rates have been previously
reported,'? we collected 30-day all-cause mortality (from the
Registered Persons Database) and postoperative length of
stay (from the Discharge Abstract Database).

Covariates

For each patient, we identified variables available in our data
sources that we postulated could influence the receipt of a neur-
axial anesthetic. Because our purpose was to explore all pos-
sible contributing factors that we could measure, as opposed
to creating a parsimonious prediction model, we included
factors that could be related, such as diagnosis of pulmonary
disease, as well as treatments for pulmonary disease. Demo-
graphics were identified from the Registered Persons Database
and from the Canadian Census. Standard methods were used
to identify all Elixhauser comorbidities based on International
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Classification of Diseases, 9th Edition and International Clas-
sification of Diseases, 10th Edition, codes from the Discharge
Abstract Database in the 3 yr preceding surgery.”> We also
measured the preoperative length of stay. We identified receipt
of the following prescription medications in the year before
surgery: angiotensin converting enzyme inhibitors or angio-
tensin receptor blockers, antiarrhythmics, anticoagulants,
anticonvulsants, antidepressants, antipsychotics, insulin, oral
antihyperglycemics, antiplatelet agents, benzodiazepines, beta
blockers, oral corticosteroids, inhaled corticosteroids, inhaled
bronchodilators, or dementia drugs (donepezil, rivastigmine,
memantine, or galantamine). The Hospital-patient One-year
Mortality Risk score was also calculated to measure death
risk based on present on admission variables. This score is an
externally validated risk adjustment instrument with excellent
discrimination (c-statistic, 0.89 to 0.92) and calibration for
predicting 1-yr mortality risk in hospitalized patients.?®

We also identified information about individual anesthesi-
ologists and individual hospitals from which patients received
their care. For each physician, we captured their age, sex, years
of experience (calculated as year of surgery — [year of gradu-
ation + 5 yr for residency training]), and their overall case
volume (both hip fractures and non-hip fracture surgery),
which reflects each physicians’ annual billings compared with
that year’s average from all physicians in the specialty. We
characterized each hospital based on its teaching hospital sta-
tus (i.e., whether it had a residency training programs in anes-
thesiology), and volume of hip fracture surgeries performed
in the year before the index surgery.

Analysis

SAS (SAS Institute, USA) version 9.4 was used for all analyses.
We used standardized differences to compare characteristics
between patients who did and did not receive a neuraxial anes-
thesia for their surgery. Although no universal threshold has
been established, differences of 10% or less are considered to
indicate balance.”” All multilevel models were specified and
analyzed using PROC GLIMMIX, a part of the SAS software.

Sources of Variation and Predictors of Neuraxial
Anesthesia Use

To determine the relative contribution of hospital-, anesthesi-
ologist-, and patient-level factors to variation in neuraxial use,
we developed a generalized linear mixed model with a logit
link and binary response distribution (i.c., multilevel logis-
tic regression). The multilevel model included two random
intercept terms: one for a hospital identifier and one for an
anesthesiologist identifier (nested within hospitals). These ran-
dom intercepts were used to calculate the variance partition
coefficient (also known as intraclass correlation coefficient
in linear models) and the median odds ratio for receipt of a
neuraxial anesthetic.?® The variance partition coefficient char-
acterizes the proportion of variation attributable to the cluster
levels (i.e., hospital and anesthesiologist level). In multilevel
logistic models, variance between clusters is measured on the
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logistic scale, while individual level variance is on the prob-
ability scale. To account for this, we calculated the variance
partition coeflicient using the linear threshold model method,
which normalizes variance measurements to the logistic scale
using the formula: variance partition coefficient = variance /
(variance + [71%/3]).”® Modified Wald P values were used to
test if the variance was significantly different from zero.”” We
performed covariance tests to estimate whether model fit was
improved with addition of these random intercepts compared
to the model with only fixed effects. The median odds ratio is
the median value obtained from comparing the adjusted odds
of having a neuraxial anesthesia if the same individual under-
went surgery at two different randomly selected hospitals, or
under the care of two randomly selected anesthesiologists.?®
The median odds ratio always takes a value greater than 1;
therefore, a median odds ratio of 1.5 suggests that the median
odds of receiving neuraxial anesthesia is 50% higher if the same
patient had surgery at one randomly selected hospital versus
another randomly selected hospital, or under the care of one
randomly selected anesthesiologist versus another randomly
selected anesthesiologist. The median odds ratio was calcu-
lated using the formula: median odds ratio = ¢?95 variance 28

The model also included fixed patient-level effects. Patient-
level covariates were chosen based on their postulated role in
influencing the choice of anesthesia type: age (classified as 66
to 74 yr, or 75 yr and older as recommended by the National
Surgical Quality Improvement Program universal risk calcula-
tor’?); sex (male or female); Hospital-patient One-year Mortal-
ity Risk score (as a continuous linear variable, where higher
score means higher risk of death); rural residence (binary);
neighborhood income quintile (five-level categorical variable);
all Elixhauser comorbidities (as binary variables); preoperative
length of stay (categorical: 0 to 1 days, 2 days, greater than 2
days); whether surgery was performed on a weekend (binary);
acute care hospitalization in the year before admission (binary);
emergency department visit in the year before surgery (binary);
and each prescription medication described in the Covariates
section (as binary variables). We had initially included use of an
intraoperative arterial line in our model, but after discussions in
the peer-review process, it was agreed that an arterial line may
have preceded choice of anesthesia type in some patients (and
therefore fit appropriately on the causal pathway), whereas in
other cases it may have been placed after (or even due to) effects
of the primary anesthesia type (in which case it would be inap-
propriate to include as a predictor). Therefore, our final analy-
ses did not include an arterial line variable.

We performed a prespecified sensitivity analysis where we
excluded patients who had an epidural and patients who had
neuraxial anesthesia with concurrent general anesthesia. We
also performed a post hoc sensitivity analysis where physi-
cians were not assumed to be nested in hospitals, but were
specified as a second random intercept at the same level of
the data hierarchy as hospitals.

Finally, we created a model that, in addition to the ran-
dom intercepts and patient-level fixed effects described in
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our primary model, also included anesthesiologist-level vari-
ables (sex [binary], age quintile, experience quintile, overall
case volume quintile), and hospital characteristics (teaching
status [binary], annual volume quintile, quintile of aver-
age operative time [added after peer-review]). This model
was used to determine the adjusted association of patient-,
anesthesiologist-, and hospital-level variables with receipt of
neuraxial anesthesia. Variables with 95% ClIs that did not
include 1 (the null value) were considered to be indepen-
dently associated with the receipt of neuraxial anesthesia.

Missing Data

Outcome data was complete for all participants. Anesthesia
type was missing for 96 people (0.08%); these cases were
excluded from all analyses. Rural residency status was miss-
ing for 0.09% and was imputed with the most common
value (not rural). Income quintile was missing and imputed
with the group median (3) for 0.5%.

Results

We identified 107,317 hip fracture surgery patients, from 80
different hospitals, greater than 65 yr who had a valid anesthe-
sia type entered in their Discharge Abstract Database record.
Neuraxial anesthesia without concurrent general anesthesia
was used in 57,080 (53.2%) patients (fig. 1). Hospital-specific

Total hip fracture
surgery patients
n=108,370

Variation in Anesthesia Type for Hip Fracture Surgery

rates of neuraxial anesthesia use varied from 0 to 100%. Of
the patients receiving general anesthesia, 3.1% had a con-
current neuraxial anesthesia. A spinal anesthetic was placed
in 98.9% of patients having a neuraxial anesthesia without
general anesthesia. Characteristics of patients by anesthesia
type are provided in table 1. Death within 30 days of surgery
occurred in 9,122 (8.5%) individuals. Median postoperative
hospital length of stay was 9 days (interquartile range 6 to 18).
From the null model (model 1), which contained only a
random intercept term for hospital, but no anesthesiologist
clusters or patient-level fixed effects, the hospital-level vari-
ance was 1.117 (< 0.001), and the variance partition coefhi-
cient was 25.3%. When anesthesiologists were nested within
each hospital (model 2), the variance at the hospital level
decreased to 0.779 (variance partition coeflicient = 19.1%,
P <0.001), and the anesthesiologist-level variance was 0.776
(variance partition coeflicient = 19.1%, P < 0.001). Follow-
ing addition of patient-level fixed effects (model 3), the vari-
ance at the hospital level was 0.821 (P < 0.001), and the
variance at the anesthesiologist level was 0.816 (2 < 0.001).
Based on these measures of between-cluster variance, 20.0%
of variation in neuraxial anesthesia use was attributable to
the hospital level, 19.9% to the anesthesiologist, and 60.1%
to patient factors. Covariance tests supported improved
model fit with addition of hospital-level (P < 0.001) and
anesthesiologist-level (P < 0.001) random intercepts.

1. Excluded due to less than 10
o | hip fracture surgeries at index

Y

" | hospital
n=957

Hip fracture surgery
patients from non-low
volume centers
n=107,413

2. Excluded due to missing

= anesthesia type

n=96
\
Hip fracture patients for
analysis
n=107,317
Y \i
Neuraxial
anesthesia Any general
without general anesthesia
anesthesia n=50,237
n=57,080
Fig. 1. Study flow diagram.
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Table 1. Characteristics of Study Population, by Anesthesia Type

General Anesthesia Neuraxial Anesthesia Standardized
(n =50,237) (n =57,080) Difference
Demographics
Age (mean, +SD) 82 (8) 83 (7) 13.3
Female (%) 73.4 73.5 0.2
Rural (%) 12.2 13.8 4.8
Neighborhood income quintile (median, IQR) 3(2,4) 3(2,4) 0
Comorbidities
Alcohol abuse (%) 21 2.1 0.0
ASA Score <2 16.1 12.8 9.4 -
ASA Score 3 48 48.2 0.4 g
ASA Score 4 35 38.4 7.1 g
ASA Score 5 0.7 0.6 1.2 8
Atrial arrhythmia (%) 9.4 9.1 1.0 g
Blood loss anemia (%) 171 171 0.0 ;;’
Cardiac valvular disease (%) 4.1 3.1 5.4 5
Cerebrovascular disease (%) 6.7 6 2.9 §
Chronic obstructive pulmonary disease (%) 10.9 14.1 9.7 g
Coagulopathy (%) 3.8 2.7 6.2 3
Deficiency anemia - - - ‘%
Dementia (%) 9.3 10.1 2.7 g
Depression (%) 4.8 4.6 0.9 §
Diabetes mellitus without complications (%) 12.8 12 2.4 §—
Diabetes mellitus with complications (%) 9.8 9.9 0.3 §
Dialysis (%) 1.4 1.2 1.8 g
Disease of pulmonary circulation (%) 2.3 2.2 0.7 g
Drug abuse (%) 0.4 0.4 0.0 N
Heart failure (%) 13.4 13.9 15 2
Hemiplegia (%) 1.2 1.0 1.9 g
Hypertension without complications (%) 46.3 36.4 20.2 §
Hypertension with complications (%) 2.6 2.7 0.6 §
Liver disease (%) 0.8 0.7 1.2 ]
Malignancy (%) 5.8 5.1 3.1 2
Metastases (%) 1.8 1.4 3.2 E
Obesity (%) 1.1 0.8 3.1 ]
Peptic ulcer disease (%) 1.4 1.2 1.8 3
Peripheral vascular disease (%) 2.4 2.5 0.6 ‘i
Psychoses (%) 1.6 1.3 2.5 2
Renal disease (%) 4.3 4.4 0.5 3
Rheumatic disease (%) 1.4 1.2 1.8 §
Venous thromboembolism (%) 1.1 0.8 3.1 3
Weight loss (%) 2.5 2.8 1.9 8
1-yr risk of death 38 (5) 39 (5) 104 El
Healthcare resource use é
Hospitalization in last year 27.5 25.9 3.6 N
Emergency department visit in last year (%) 60.8 60.8 0.0
Anesthesia care
Preoperative LOS <1 day 79.9 82.9 7.7
2 days 11.4 10.2 3.9
>3 days 8.7 6.9 6.7
Prescription drugs
ACE-I/ARB (%) 42.4 42.3 0.2
Antiarrhythmic (%) 3.4 3.0 2.3
Antiplatelet agent (%) 9.9 4.8 19.6
Antipsychotic (%) 13.7 14.2 1.4
Insulin (%) 4.6 4.3 15
Anticoagulant (%) 141 12.5 4.7
(Continued)
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Table 1. (Continued)

Variation in Anesthesia Type for Hip Fracture Surgery

General Anesthesia Neuraxial Anesthesia Standardized
(n=50,237) (n=57,080) Difference
Oral diabetes agent (%) 12.5 12.1 1.2
Beta-blocker (%) 28.2 271 2.5
Inhaled bronchodilator (%) 12.6 15.8 9.2
Inhaled corticosteroid (%) 10.3 13 8.4
Oral corticosteroid (%) 6.7 7.1 1.6
Physician characteristics
Full-time equivalency (mean, +SD) 1.1(0.2) 1.1 (0.3) 4.1
Age (mean, +SD) 48 (10) 47 (9) 15.9
Years in practice (mean, +SD) 17 (10) 16 (10) 141
Female anesthesiologist (%) 23.2 22.5 1.7
Hospital characteristics
Yearly no. of hip fracture surgeries (mean, +SD) 228 (130) 212 (94) 141
Teaching hospital 35.5 25.2 22.5

— indicates cell sizes less than 6 cannot be reported.

ACE-I/ARB, Angiotensin converting enzyme inhibitor/angiotensin receptor blocker; ASA Score, American Society of Anesthesiologists physical status

classification; IQR, interquartile range; LOS, length of stay.

Model 1 { Null model (hospital cluster only)- &
Hospital (anesthesiologist nested) *
Model 2
Anesthesiologist (nested within hospital) L 2
Hospital (anesthesiologist nested) + patient factors- <+
Model 3
nesthesiologist (nested within hospital) + patient factors- 0

Median Odds Ratio

Fig. 2. Median odds ratio for hospital- and anesthesiologist-level clustering in each of the three multilevel models created.

Median odds ratios for model 1 to 3 are compared in fig-
ure 2. The model 3 (adjusted) median odds ratio for neuraxial
anesthesia use was 2.36 at the physician- and 2.36 at the hospi-
tal-level. This means that for a given patient, their median odds
of receiving neuraxial anesthesia would differ by more than
2.3-fold, depending on the anesthesiologist or hospital that
they received care from. In our sensitivity analysis, in which
patients who had an epidural and patients who had neuraxial
anesthesia with concurrent general anesthesia were excluded,
there was almost no change in the proportion of variation
attributable to hospital (20.1%), anesthesiologist (19.9%), or
patient (60.0%); the median odds ratio for neuraxial anesthesia
use was 2.36 for the hospital and 2.36 for the anesthesiologist.
When physicians were not assumed to be nested in hospitals,
there was almost no change in the proportion of variation
attributable to hospital (19.2%), anesthesiologist (19.4%), or
patient (60.4%); the median odds ratio for neuraxial anesthesia
use was 2.32 for the hospital and 2.33 for the anesthesiologist.

The adjusted associations of patient, hospital, and physi-
cian characteristics with neuraxial anesthesia use are presented
as odds ratios in table 2. The c-statistic for this model was
0.83, and a calibration plot suggested that the model was well
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calibrated (see Supplemental Digital Content, http://links.
Iww.com/ALN/B789). The strongest patient-level predictors
(greater than or equal to 20% change in relative effect size)
of neuraxial anesthesia receipt were coagulopathy, dialysis,
metastases, obesity, American Society of Anesthesiologists
physical status IIT or IV (zs. V), antiplatelet or anticoagulant
prescriptions, and having a hemiarthroplasty for surgical fixa-
tion. At the hospital level, having surgery at a non—teaching
center significantly increased the odds that a patient received
an neuraxial anesthesia, while surgical volume was signifi-
cantly associated with neuraxial anesthesia receipt, but with-
out a clear dose-response relationship. Shorter average case
duration was associated with lower odds of neuraxial anesthe-
sia receipt. Anesthesiologists in the highest quintile of overall
case volume were the most likely to provide neuraxial anesthe-
sia, however, other measurable anesthesiologist-level variables
were not consistently associated with neuraxial anesthesia use.

Discussion

In this population-based cross-sectional study of hip fracture
surgery patients, 40% of variation in use of neuraxial anesthesia
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Table 2. Predictors of Neuraxial Anesthesia Use Table 2. (Continued)
Odds Odds
Predictors Ratio 95% Cl Predictors Ratio 95% ClI

Demographic characteristics Preoperative length of stay (vs. >3 days)

Age 75 years or older 136  1.30-1.42 <1 day 114 1.08-1.21"
Female (vs. male) 094  0.91-0.97% 2days o 1.06  0.99-1.14
Rural (vs. not rural) 1.00  0.95-1.05 Type of hip fixation (vs. fixation
Neighborhood income quintile (vs. of femoral shaft)
highest quintile) Total hip arthroplasty 0.93 0.77-1.13
1 (IOWeSt) 1.03 0.99-1.08 Hemiar‘throplasty 1.27 1.23-1.31*
) 1.04 0.99-1.09 Fixation of femoral neck 117 1.13-1.22*
3 1.05 0.99-1.10 Weeke.nd' surgery (vs. weekday) 1.07 1.03-1.10* g
4 0.99 0.95-1.04 Prescription drugs E)
. . . " o
Alcohol abuse 1.00  0.90-1.11 g
A . . receptor blocker 3
Atrial arrhythmia . 1.07 1.01-1 .13* Antiarrhythmic 1.00 0.91-1.09 Z
Blooq loss anemlg 1.05 1.01-1 .10* Anticoagulant 0.69 0.66-0.73* §
Cardiac valvular d|§ease 0.70 0.65—0.76* Antidepressant 0.98 0.94-1.01 §
Cerebrovascular glsease 1.07 1.01-1.1 5* Antiplatelet agent 0.28 0.27-0.30* 3
Chrolnlc obstrg_ctlve 1.28 1.22-1.35 Benzodiazepine 0.98 0.95-1.01 3
Cozzmggzgy 1sease 0.79 0.79-0.85" Dementia medication 1.01 0.97-1.06 S
o , ' e Digoxin 113 1.06-1.21* g
Bef'c'ert‘,cy anemia :)'gg 8'2471‘1 (1); Insulin 093  0.86-1.00 3
ng‘r:rs‘s'; ] 096 089103 Oral diabetes agent 097  0.91-1.03 5
' pedle Beta blocker 1.00 0.97-1.04 5
Diabetes mellitus 0.99 0.95-1.05 Inhaled b hodilat 113 1.06-1.20* 2
without complications nhated bronchodiiator : bodie o
— * °
Diabetes mellitus with complications ~ 0.99  0.93-1.05 Inhaled corticosteroid 1.8 1.01-1.16 g
Dialysis 0.81 0.70-0.93* Oral corticosteroid 1.03 0.97-1.09 R
Disease of pulmonary circulation 1.00 0.91-1.10 Ant.|psychot|c o 0.93 0.88-0.97 %
Drug abuse 0.98 0.78-1.24 Hospital characteristics N
) ' ' o Average operating room time quin- a
Heart failure 1.08 1.03-1.13 . : <]
tile (vs. highest 3
Hemiplegia 090  0.77-1.04 1 (Iow(est) anest 076  0.69-0.84* g
Hypertension without 1.01 0.98-1.05 2 0.84 0.78-0.91* g
complications ’ ’ ’ N
Hypertension with complications 119 1.07-1.31* 8 0.94 087 1'00* g
4 1.15 1.06-1.24 @
Liver disease 0.84 0.71-0.99* ) o . S
Maliananc 0.93 0.87-1.01 Hospital volume quintile (vs. highest) 3
Mtastases 076 ogrosr v 084 076082 g
Obesity 071  0.62-0.83* 3 195 11 5: 1 35+ 2
Peptic ulcer disease 0.89  0.78-1.01 4 1-16 1-08—1 '24* g
Eenp:eral vascular disease :)1133 :)(7)3_1 gf Teaching hospital (vs. nonteaching) 0.80 0.68-0.96* i
RSycl c(f.es 1 '1 ] 1 '02_1 '21 . Physician characteristics =
Rﬁzam;fia;zease 0.87 0.76_0.99* Full-time equivalency quintile (vs. highest) §
umatic di . .76-0.
1 (lowest 0.90 0.82-0.97* g
Venous thromboembolism 0.92 0.79-1.07 2 ( ) 0.88 0.82-0.95* é
Weight loss 117 1.07-1.28* 3 0.82 0.79-0.85* N
1-yr risk of death (1-point 1.01  1.01-1.02* 4 091  0.85-097"
increase in Hospital One-year ) . . ) ' ) '
Mortality Risk score) Years in practice quintile (vs. highest)

Healthcare resource use 1 (lowest) 0.98  0.82-1.14
Hospitalization in last year 092  0.89-0.96" 2 1.03  0.89-1.19
Emergency department 1.01 0.98-1.05 3 0.98 0.87-1.11

visit in last year 4 o 0.98 0.87-1.10

ASA Physical Status (vs. V) Age quintile (vs. oldest)

M 1.16 0.96-1.49 1 (lowest) 1.08 0.92-1.28
Il 142 1.18-1.71 2 1.00  0.87-1.15
\Y 149 1.24-1.79" 3 1.00  0.89-1.13
4 1.00 0.92-1.09
(Continued) Female anesthesiologist (vs. male) 0.98  0.88-1.09
*Significant at the alpha=0.05 level.
ASA, American Society of Anesthesiologists.
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was not attributable to patient-level factors. In fact, the median
odds of a given patient receiving neuraxial anesthesia varied by
more than 2.3-fold between any two randomly selected hospi-
tals or anesthesiologists, independent of baseline patient illness,
sociodemographic characteristics, or other factors, such as anti-
platelet, anticoagulant, or other medication use that we postu-
lated may influence a patient’s probability of receiving neuraxial
anesthesia. These findings suggest that interventions targeted
at changing anesthesia practice for hip fracture surgery should
consider not only patients’ risk factors but also hospital-level
processes, as well as anesthesiologists’ intentions and behaviors.
While practice variation exists across regions, hospitals, and
physician practices for many medical conditions,! few studies
have linked variation to outcomes, and only 10% of studies in
a recent systematic review explored causes of variation.! While
practice variation in anesthesia and perioperative medicine
has not been extensively studied, when identified, variation
is associated with decreased rates of risk-adjusted survival.>!?
Therefore, understanding sources of variation is a necessary
step toward decreasing unintended variation, and the possibil-
ity of associated adverse outcomes. Existing frameworks suggest
that variation must be studied in the setting of adequate risk
adjustment and should consider geographical and environmen-
tal factors (in the case of anesthesiology practice, hospital-level
factors), as well as provider-level factors.> Our analysis incorpo-
rates these recommended best practices, in a cohort of patients
where low hospital-level neuraxial anesthesia use is associated
with decreased risk-adjusted survival.”” Through multilevel
modeling, we were able to assess hospital- and physician-level
contributions to variation, while adjusting for an extensive set of
patient-level factors that we postulated would influence choice
of anesthesia type, and which did so with good discrimination.
The most important finding to emerge from this analy-
sis is that a substantial proportion of the variation in anes-
thesia type is not attributable to patient-level characteristics.
While neuraxial anesthesia is not consistently associated
with decreased mortality,'? other outcomes such as length of
stay may be improved.!® Combined with the association of
decreased survival after surgery in low neuraxial anesthesia—use
hospitals, and anticipated results from large patient-centered
trials,*! it is important to recognize that this variation may
be unwarranted. That a given patient would be faced with a
greater than 2.3-fold difference in their likelihood to receive
one anesthesia type versus another, simply based on the hospi-
tal that he or she presented to, or the anesthesiologists assigned
to his or her list, requires attention, especially in jurisdictions
that already use low proportions of neuraxial anesthesia for
hip fracture surgeries. In fact, this 2.3- to 2.4-fold difference in
the probability of receiving a neuraxial anesthetic—attribut-
able to hospitals or anesthesiologists—was more strongly tied
to neuraxial anesthesia use than any single patient-level pre-
dictor other than receipt of an antiplatelet drug, which guide-
lines identify as a contraindication to neuraxial anesthesia for
7 days after the last dose.** Our findings of a strong influence
of physician- and hospital-level factors on variation are also
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consistent with other perioperative studies. For example, the
median odds of testing and preoperative consultations vary
3-fold between physicians and hospitals before surgery;**’
odds of certain operative treatments for cancer may vary more
than 2-fold between surgeons and hospitals.**3> Estimating
variance from these median odds ratios suggests that in other
perioperative settings, similar to our study, between 20 to
40% of variation may be explained by non—patient factors.

Reasons for this hospital- and anesthesiologist-level varia-
tion are likely multifactorial. First, although many guidelines do
recommend the use of neuraxial anesthesia over general anes-
thesia for hip fracture surgery (including current guidelines in
Ontario),** this is not true of all guidelines.®’ Furthermore,
the evidence base supporting the superiority of neuraxial anes-
thesia versus general anesthesia is heterogeneous. This is consis-
tent with existing evidence that demonstrates that variability is
highest for therapies where there is limited consensus on what
is superior.’! What the evidence does suggest, however, is that
unexplained variation is often associated with adverse patient
outcomes. Therefore, strategies to address unexplained varia-
tion, including for hip fracture anesthesia care,'” will need to
consider all aspects of the healthcare system.

As we await the results of ongoing trials that may help to
build consensus around best anesthesia practice for hip frac-
ture surgery,®' anesthesiologists should recognize that if future
efforts are needed to change practice, we will need to address
the local context, using strategies with proven efficacy to pro-
mote behavior change in these settings. Our data do provide
some insights into areas of focus at the health system level, as
teaching and low-volume hospitals were less likely to use neur-
axial anesthesia. Hospitals that performed shorter surgeries on
average were also less likely to use neuraxial anesthesia, with the
effect size for the shortest surgery duration hospitals approxi-
mating that of some patient-level contraindications to neur-
axial anesthesia, such as coagulopathy and metastatic cancer
(odds ratio, 0.76 vs. 0.79 and 0.76, respectively). Mechanisms
underlying this association will require further study, as the
effect of expected case duration was relatively large, would be
influenced by a multitude of patient-, physician-, and hospital-
level factors, and as the limited data available (which comes
from elective hip surgery) suggests an association between use
of neuraxial anesthesia and decreased time in the operating
room.*? However, health administrative data do not provide
a complete and granular description of hospital characteristics.
Similarly, while the anesthesiologists with the highest case vol-
umes tended to use more neuraxial anesthesia, we had limited
ability to capture anesthesiologist-level variables, and had no
data on the beliefs or intentions of anesthesiologists, which
may strongly influence practice patterns.® Future research will
be needed to provide an accurate and in-depth understand-
ing of the specific contributors to hospital- and physician-level
anesthesia practice, as this should allow mapping of evidence-
based change strategies to identified barriers.

Finally, at the patient level, the significant predictors of
neuraxial anesthesia use were not surprising. Older patients
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and patients with a higher expected risk of death were more
likely to receive a neuraxial anesthesia, while patients with
comorbidities associated with abnormal coagulation status
(such as liver disease, blood loss anemia, coagulopathy, and
dialysis), or who were on medications that interfere with coag-
ulation (such as anticoagulants and antiplatelet agents) were
less likely to receive a neuraxial anesthesia. Chronic obstruc-
tive pulmonary disease and its associated therapies (inhaled
bronchodilators and corticosteroids) were positive predictors
of neuraxial anesthesia use, which may reflect a belief and evi-
dence that postoperative pulmonary complications are reduced
when neuraxial anesthesia is used.** Conditions that may make
placement of a neuraxial anesthesia more challenging (obesity,
rheumatic disease, metastatic cancer) or that may increase the
risk of adverse hemodynamic consequences (cardiac valvular
disease) were also negative predictors. Finally, it is important to
note that female patients were less likely to receive a neuraxial
anesthesia, which suggests that there may be gender inequali-
ties in the provision of perioperative hip fracture care.

Strengths and Limitations

This study features several strengths. Our use of population-based
health administrative data allowed us to study practice across a
single health system that cares for a population of more than 13
million people. Furthermore, our exposures and outcomes were
defined using variables that have been reabstracted to ensure their
accuracy and reliability. We were also able to consider hospital-
and physician-level predictors of practice variation in addition
to simply measuring attributable variation. The limitations of
this study should also be considered. Health administrative data
are not initially collected for research purposes. Most important,
while we were able to account for measured predictors, there are
patient-level predictors (such as physiologic, laboratory, cogni-
tive, and functional measures, as well as acute delirium and level
of consciousness), hospital-level variables, and specific anesthesi-
ologist variables (such as fellowship training in regional anesthe-
sia or experience with neuraxial techniques) that we could not
measure directly. While we did include a variable reflecting the
average operating time in each hospital, surgeon-specific vari-
ables, (which we could not capture) such as preference for neur-
axial anesthesia versus general anesthesia and the specific impact
of each surgeon on expected duration of surgery, could influ-
ence anesthesia decision making and should be considered when
available. Patient-preference should contribute to warranted
variation, and we had no ability to measure this attribute. While
we were unable to identify any existing studies of patient prefer-
ence for anesthesia type in hip fracture surgery, patients do have
varying preferences around other aspects of their hip fracture
care.®*7 The generalizability of our findings to other jurisdic-
tions is uncertain.

Conclusion

Sixty percent of variation in the provision of neuraxial anes-
thesia for hip fracture surgery may be warranted, as it is

Anesthesiology 2018; 129:1121-31 1129

attributable to patient factors. However, approximately 20%
of variation is attributable to each of the specific hospital and
anesthesiologist. Combined with previous research demon-
strating that low hospital-level use of neuraxial anesthesia for
hip fracture surgery is associated with decreased risk-adjusted
survival, our findings suggest that changing patterns of hip
fracture anesthesia care will need to address hospital-level
processes and anesthesiologists’ behaviors and intentions.

Research Support

Supported by the Canadian Anesthesiologists’ Society Dr. R.A.
Gordon Research Award for Innovation in Patient Safety, De-
partment of Anesthesiology and Pain Medicine, The Univer-
sity of Ottawa. Dr. Mclsaac receives salary support from The
Ottawa Hospital Department of Anesthesiology, and the Ca-
nadian Anesthesiology Society’s Career Scientist Award. This
study was also supported by the Institute for Clinical Evalu-
ative Sciences, which is funded by an annual grant from the
Ontario Ministry of Health and Long-Term Care. The opinions,
results, and conclusions reported in this article are those of
the authors and are independent from the funding sources.
No endorsement by the Institute for Clinical Evaluative Sci-
ences or the Ontario Ministry of Health and Long-Term Care
is intended or should be inferred. These data sets were held
securely in a linked, deidentified form and were analyzed at
the Institute for Clinical Evaluative Sciences.

Competing Interests
The authors declare no competing interests.

Correspondence

Address correspondence to Dr. Mclsaac: Department of An-
esthesiology and Pain Medicine, University of Ottawa, The
Ottawa Hospital, 1053 Carling Avenue, Room B311, Ottawa,
Ontario, Canada K1Y4E9. dmcisaac@toh.on.ca. Information on
purchasing reprints may be found at www.anesthesiology.org
or on the masthead page at the beginning of this issue. Axgs-
THESIOLOGY'S articles are made freely accessible to all readers, for
personal use only, 6 months from the cover date of the issue.

References

1. Corallo AN, Croxford R, Goodman DC, Bryan EL, Srivastava
D, Stukel TA: A systematic review of medical practice varia-
tion in OECD countries. Health Policy 2014; 114:5-14

2. Mercuri M, Gafni A: Medical practice variations: What the
literature tells us (or does not) about what are warranted and
unwarranted variations. J Eval Clin Pract 2011; 17:671-7

3. McPherson K, Wennberg JE, Hovind OB, Clifford P: Small-
area variations in the use of common surgical procedures:
An international comparison of New England, England, and
Norway. N Engl ] Med 1982; 307:1310-4

4. Dalton JE, Zidar DA, Udeh BL, Patel MR, Schold JD, Dawson
NV: Practice variation among hospitals in revascularization
therapy and its association with procedure-related mortality.
Med Care 2016; 54:623-31

5. Wijeysundera DN, Austin PC, Beattie WS, Hux JE, Laupacis A:
Variation in the practice of preoperative medical consultation
for major elective noncardiac surgery: A population-based
study. ANESTHESIOLOGY 2012; 116:25-34

6. Brauer CA, Coca-Perraillon M, Cutler DM, Rosen AB: Incidence
and mortality of hip fractures in the United States. JAMA 2009;
302:1573-9

Mclsaac et al.

220z 19qwadaq L0 uo 3sanb Aq 4pd-£1000-0” 00218102/#9202S/L 2} L/9/62 1 /spd-ajoie/ABojoisayisaue/Bio-byese sqndy/:dpy woy papeojumoq

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


mailto:dmcisaac@toh.on.ca
www.anesthesiology.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. National

. Number, percentage and average acute length of stay for top

10 high-volume inpatient surgeries by province/territory,
HMDB, 2015-2016. Ottawa, ON, 2017. https://www.cihi.ca/
en/quick-stats

. Radcliff TA: Patient risk factors, operative care, and outcomes

among older community-dwelling male veterans with hip
fracture. J Bone Jt Surg 2008; 90:34

Hip Fracture Database annual report 2017.
London, 2017. http://nhfd.co.uk/files/2017ReportFiles/
NHFD-AnnualReport2017.pdf

Neuman MD, Rosenbaum PR, Ludwig JM, Zubizarreta JR,
Silber JH: Anesthesia technique, mortality, and length of stay
after hip fracture surgery. JAMA 2014; 311:2508-17

National Hip Fracture Database Anaesthesia Sprint Audit of
Practice. London, 2014. https://www.aagbi.org/sites/default/
files/NHFD anaesthestic report.pdf.

Mclsaac DI, Wijeysundera DN, Huang A, Bryson GL, van
Walraven C: Association of hospital-level neuraxial anesthe-
sia use for hip fracture surgery with outcomes: A population-
based cohort study. ANESTHESIOLOGY 2018; 128:480-91

GuayJ, Parker MJ, Gajendragadkar PR, Kopp S: Anaesthesia for
hip fracture surgery in adults. Cochrane Database of Systematic
Reviews Edited by Guay J. Chichester, UK, John Wiley &
Sons, Ltd, 2016 doi:10.1002/14651858.CD000521.pub3
Neuman MD, Silber JH, Elkassabany NM, Ludwig JM, Fleisher
LA: Comparative effectiveness of regional wversus general
anesthesia for hip fracture surgery in adults. ANESTHESIOLOGY
2012; 117:72-92

Nordstrom P, Gustafson Y, Michaélsson K, Nordstrom A:
Length of hospital stay after hip fracture and short term risk
of death after discharge: a total cohort study in Sweden. BMJ
2015; 350:h696

Patorno E, Neuman MD, Schneeweiss S, Mogun H, Bateman
BT: Comparative safety of anesthetic type for hip fracture
surgery in adults: retrospective cohort study. BMJ 2014;
348:g4022

White SM, Griffiths R, Moppett IK: Standardising anaesthesia
for hip fracture surgery. Anaesthesia 2016; 71:1391-5

Vision and Mandate. http://www.cihi.ca/CIHI-ext-portal/
internet/EN/SubTheme/about+cihi/vision+and+mandate/
cihi010703.

About Us. http://www.ices.on.ca/webpage.cfm?site_id=1&
org_id=20.

Elm E von, Altman DG, Egger M, Pocock SJ, Getzsche PC,
Vandenbroucke JP: Strengthening the reporting of obser-
vational studies in epidemiology (STROBE) statement:
Guidelines for reporting observational studies. BMJ 2007;
335:806-8

Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D,
Petersen I, Sgrensen HT, von Elm E, Langan SM; RECORD
Working Committee: The REporting of studies Conducted
using Observational Routinely-collected health Data
(RECORD) statement. PLoS Med 2015; 12:e1001885
Technical Note: Wait Time for Hip Fracture Surgery
Technical Note. Ottawa, ON. https://www.cihi.ca/en/health-
system-performance/performance-reporting/indicators/
technical-note-wait-time-for-hip-fracture.

Juurlink DN, Croxford R, Chong A, Austin P, Tu J, Laupacis A:
Canadian Institute for Health Information Discharge Abstract
Database : A Validation Study ICES Investigative Report, June
2006. Canadian Institute for Health Information, 2006. https://
www.ices.on.ca/Publications/Atlases-and-Reports/2006/
Canadian-Institute-for-Health-Information

Richards J, Brown A, Homan C: The data quality study of
the canadian discharge abstract database. Proc Stat Canada
Symp 2001

Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi
JC, Saunders LD, Beck CA, Feasby TE, Ghali WA: Coding

Anesthesiology 2018; 129:1121-31

1130

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Variation in Anesthesia Type for Hip Fracture Surgery

algorithms for defining comorbidities in ICD-9-CM and ICD-
10 administrative data. Med Care 2005; 43:1130-9

Walraven C van, McAlister FA, Bakal JA, Hawken S, Donzé J:
External validation of the Hospital-patient One-year Mortality
Risk (HOMR) model for predicting death within 1 year after
hospital admission. CMAJ 2015; 187:725-33

Austin PC: Using the standardized difference to compare
the prevalence of a binary variable between two groups in
observational research. Commun Stat - Simul Comput 2009;
38:1228-34

Merlo J, Chaix B, Ohlsson H, Beckman A, Johnell K, Hjerpe
P, Rastam L, Larsen K: A brief conceptual tutorial of mul-
tilevel analysis in social epidemiology: Using measures of
clustering in multilevel logistic regression to investigate con-
textual phenomena. J Epidemiol Community Health 2006;
60:290-7

Austin PC, Wagner P, Merlo J: The median hazard ratio: A
useful measure of variance and general contextual effects in
multilevel survival analysis doi:10.1002/sim.7188

Bilimoria KY, Liu Y, Paruch JL, Zhou L, Kmiecik TE, Ko CY,
Cohen ME: Development and evaluation of the universal ACS
NSQIP surgical risk calculator: A decision aid and informed
consent tool for patients and surgeons. ] Am Coll Surg 2013;
217:833-42.e1-3

Neuman MD, Ellenberg SS, Sieber FE, Magaziner JS, Feng R,
Carson JL; REGAIN Investigators: Regional versus General
Anesthesia for Promoting Independence after Hip Fracture
(REGAIN): Protocol for a pragmatic, international multicen-
tre trial. BMJ Open 2016; 6:e013473

Horlocker TT, Wedel DJ, Rowlingson JC, Enneking FK, Kopp
SL, Benzon HT, Brown DL, Heit JA, Mulroy MF, Rosenquist
RW, Tryba M, Yuan CS: Regional anesthesia in the patient
receiving antithrombotic or thrombolytic therapy: American
Society of Regional Anesthesia and Pain Medicine Evidence-
Based Guidelines (Third Edition). Reg Anesth Pain Med
2010; 35:64-101

Chen CL, Lin GA, Bardach NS, Clay TH, Boscardin WJ, Gelb
AW, Maze M, Gropper MA, Dudley RA: Preoperative medical
testing in Medicare patients undergoing cataract surgery. N
Engl J Med 2015; 372:1530-8

Rhoads KF, Ackerson LK, Ngo JV, Gray-Hazard FK,
Subramanian SV, Dudley RA: Adequacy of lymph node exam-
ination in colorectal surgery: Contribution of the hospital
versus the surgeon. Med Care 2013; 51:1055-62

Katz SJ, Hawley ST, Hamilton AS, Ward KC, Morrow M, Jagsi
R, Hofer TP: Surgeon influence on variation in receipt of con-
tralateral prophylactic mastectomy for women with breast
cancer. JAMA Surg 2018; 153:29-36

Quality-Based Procedures Clinical Handbook for Hip
Fractures. Toronto, 2013. http://www.hqontario.ca/evidence/
publications-and-ohtac-recommendations/clinical-handbooks.
Mak JC, Cameron ID, March LM; National Health and Medical
Research Council: Evidence-based guidelines for the man-
agement of hip fractures in older persons: An update. Med J
Aust 2010; 192:37-41

Management of hip fracture in older people. National clini-
cal guideline 111. Edinburgh, 2009. http://www.sign.ac.uk/
pdf/

Griffiths R, Alper J, Beckingsale A, Goldhill D, Heyburn G,
Holloway J, Leaper E, Parker M, Ridgway S, White S, Wiese
M, Wilson I: Management of proximal femoral fractures 2011.
Anaesthesia 2012; 67:85-98

Management of hip fractures in the elderly: Evidence-based
clinical practice guidelines. Rosemont, Illinois, 2015. https://
www.aaos.org/cc_files/aaosorg/research/guidelines/hip-
fxguideline.pdf.

Wennberg JE: Dealing with medical practice variations: A
proposal for action. Health Aff (Millwood) 1984; 3:6-32

Mclsaac et al.

220z J9queoaq Lo uo 3senb Aq ypd°21000-0" 00Z181.02/79.02S/1Z | L/9/6Z L /spd-8jonie/ABojoiseyisaue/Bio byese sqndy/:dny woy pepeojumoq

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


https://www.cihi.ca/en/quick-stats
https://www.cihi.ca/en/quick-stats
http://nhfd.co.uk/files/2017ReportFiles/NHFD-AnnualReport2017.pdf
http://nhfd.co.uk/files/2017ReportFiles/NHFD-AnnualReport2017.pdf
https://www.aagbi.org/sites/default/files/NHFD anaesthestic report.pdf
https://www.aagbi.org/sites/default/files/NHFD anaesthestic report.pdf
http://www.cihi.ca/CIHI-ext-portal/internet/EN/SubTheme/about+cihi/vision+and+mandate/cihi010703
http://www.cihi.ca/CIHI-ext-portal/internet/EN/SubTheme/about+cihi/vision+and+mandate/cihi010703
http://www.cihi.ca/CIHI-ext-portal/internet/EN/SubTheme/about+cihi/vision+and+mandate/cihi010703
http://www.ices.on.ca/webpage.cfm?site_id=1&org_id=26
http://www.ices.on.ca/webpage.cfm?site_id=1&org_id=26
https://www.cihi.ca/en/health-system-performance/performance-reporting/indicators/technical-note-wait-time-for-hip-fracture
https://www.cihi.ca/en/health-system-performance/performance-reporting/indicators/technical-note-wait-time-for-hip-fracture
https://www.cihi.ca/en/health-system-performance/performance-reporting/indicators/technical-note-wait-time-for-hip-fracture
https://www.ices.on.ca/Publications/Atlases-and-Reports/2006/Canadian-Institute-for-Health-Information
https://www.ices.on.ca/Publications/Atlases-and-Reports/2006/Canadian-Institute-for-Health-Information
https://www.ices.on.ca/Publications/Atlases-and-Reports/2006/Canadian-Institute-for-Health-Information
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/clinical-handbooks
http://www.hqontario.ca/evidence/publications-and-ohtac-recommendations/clinical-handbooks
http://www.sign.ac.uk/pdf/
http://www.sign.ac.uk/pdf/
https://www.aaos.org/cc_files/aaosorg/research/guidelines/hipfxguideline.pdf
https://www.aaos.org/cc_files/aaosorg/research/guidelines/hipfxguideline.pdf
https://www.aaos.org/cc_files/aaosorg/research/guidelines/hipfxguideline.pdf

PERIOPERATIVE MEDICINE

42. Basques BA, Toy JO, Bohl DD, Golinvaux NS, Grauer JN: 45. Neuman MD, Ibrahim SA, Barg FA, Osigwe C, Karlawish

General compared with spinal anesthesia for total hip arthro- JH: Race and patient preferences for hip fracture care. ] Am
plasty. J Bone Joint Surg Am 2015; 97:455-61 Geriatr Soc 2013; 61:468-70
43. Cabana MD, Rand CS, Powe NR, Wu AW, Wilson MH, Abboud PA, 46. Alolabi N, Alolabi B, Mundi R, Karanicolas PJ, Adachi JD,
Rubin HR: Why don’t physicians follow clinical practice guide- Bhandari M: Surgical preferences of patients at risk of hip
lines? A framework for improvement. JAMA 1999; 282:1458-65 fractures: Hemiarthroplasty wversus total hip arthroplasty.
44. Hausman MS Jr, Jewell ES, Engoren M: Regional versus general BMC Musculoskelet Disord 2011; 12:289
anesthesia in surgical patients with chronic obstructive pulmo- 47. Aggarwal A, Harris IA, Naylor JM: Patient preferences for
nary disease: Does avoiding general anesthesia reduce the risk emergency or planned hip fracture surgery: A cross-sectional
of postoperative complications? Anesth Analg 2015; 120:1405-12 study. ] Orthop Surg Res 2016; 11:120

ANESTHESIOLOGY REFLECTIONS FROM THE WOOD LIBRARY-MUSEUM
Warding Off Quacks: Ward’s Laudanum in Pittsburgh

Bateman's Drops, Godfrey’s Cordial.
Laudanum. Paregoric, &ec.
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Apprenticing with his pharmacist father in Pittsburgh, Pennsylvania, Robert Egbert Sumner Ward (1857 to 1936) sold
laudanum as an antitussive, as an antidiarrheal, and even as an adjuvant to inhaled anesthetics. One of Ward’s more
popular trade cards (left) depicted a charlatan eyeing another quack (upper right, the head of a mallard drake) while test-
ing the edge of an amputating knife. At the charlatan’s feet are a hatchet, a saw, and scattered bottles. On the reverse
of the trade card, druggist Ward advertised alcoholic tincture of opium (Laudanum) as well as variations of that product
combined with extra alcohol, camphor, or sweet syrup (Bateman’s Drops, Paregoric, or Godfrey’s Cordial, respectively).
Alongside all of these over-the-counter opiates, Ward advertised his culinary wares, including essences of peppermint,
cinnamon, and ginger and “flavoring extracts of vanilla, lemon, &c.” By 1887 the druggist was devoting more of his time
to selling baker’s supplies than to peddling opiates. (Copyright © the American Society of Anesthesiologists’ Wood
Library-Museum of Anesthesiology.)

George S. Bause, M.D., M.RH., Honorary Curator and Laureate of the History of Anesthesia, Wood Library-Museum
of Anesthesiology, Schaumburg, lllinois, and Clinical Associate Professor, Case Western Reserve University, Cleveland,
Ohio. UJYC@aol.com.

Anesthesiology 2018; 129:1121-31 1131 Mclsaac et al.

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



