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Abstract

The use of common surgical procedures varies widely across geographical regions. Differences in
illness burden, diagnostic practices, and patient attitudes about medical intervention explain
regional variation in surgery rates to only a small degree. Instead, current evidence suggests that
surgical variation primarily reflects differences in physician beliefs about the indications for
surgery and the extent to which patient preferences are incorporated into treatment decisions.
These two components of clinical decision making help explain the “surgical signatures” of
specific procedures, as well as why some consistently vary more than others. Variation in clinical
decision making is in turn influenced by broader environmental factors, including technology
diffusion, specialist supply and local training paradigms, financial incentives, and regulatory
factors, which vary across countries. Better scientific evidence about the comparative
effectiveness of surgical and non-surgical interventions may help mitigate regional variation, but
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broader dissemination of shared decision making tools will be essential in reducing variation with
preference-sensitive conditions.

Introduction

It is an uncomfortable fact that a patient’s odds of undergoing surgery often depend more on
where he lives than on his clinical circumstances. Almost eighty years ago, J. Alison Glover
noted that tonsillectomy rates in Britain varied dramatically according to school district.2 In
1936, for example, a child in Enfield was twenty times more likely to undergo the operation
than a child in Hornsey, even though only seven miles separated the two districts. In a
Science article published 40 years later, Wennberg and Gittelsohn noted that rates of
tonsillectomy varied almost 12-fold across counties in rural Vermont, while other common
procedures varied almost as much.? This study and subsequent analyses based on data from
New England served to usher in the field of “small area analysis.”3->

Despite considerable advances in medical science, there is little evidence that regional
variation in the use of surgery is shrinking over time. Although some studies have
documented small improvements in medical practice variation,%-8 the relative degree of
variation in population-based rates of 10 common surgical procedures has been remarkably
stable over the past 20 years, according to US Medicare data compiled longitudinally by the
Dartmouth Atlas of Healthcare. In 2008-10, rates of hip replacement, coronary bypass
surgery, prostatectomy and many other major procedures continued to vary at least four- to
five-fold across hospital referral regions (Figure 1). Data from the United Kingdom
documented similar degrees of variation in the use of surgery among 152 primary care trusts
in 2009-10.% 10

In this review, we examine the major determinants of regional variation in procedure rates.
After considering the role of patient “demand,” we review the evidence that surgical
variation reflects differences in physicians’ beliefs about the value of surgery in specific
circumstances, and in the extent to which they incorporate patient preferences into surgical
decisions. We consider how surgery rates—and regional variation—are influenced by
external factors, such as new technology, surgeon supply, and financial incentives. Finally,
while focusing on regional variation within countries, we consider the literature on small
area analysis in the context of international differences in the use of surgery. Although
others have suggested alternative models of medical practice variation,! this review focuses
on the clinical decision making paradigm, which we believe best fits current evidence on the
root causes of regional variation in the use of surgery.

Variation in patient demand for surgery

Some regions may have higher rates of specific procedures because of greater demand for
surgery there. We use the term “demand” here in the broad sense, to reflect patient-related
factors influencing the real or perceived need for surgery—"upstream” of decisions made by
surgeons. Such factors include the true incidence of surgically-treatable disease, the
frequency in which sub-clinical disease is detected with medical testing, and the willingness
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of patients to undergo surgical intervention. Each of these factors has been tied to regional
rates of surgery in various clinical contexts.

The role of regional variation in disease incidence is most obvious in clinical conditions for
which surgery is almost universally required or recommended, like hip fracture. In the US,
regional rates of hip fracture repair in the elderly are almost linearly correlated with the
regional incidence of hip fracture. Rates of hip fracture surgery in Hawaii are at least 60%
lower than elsewhere in the US, not because orthopedists there are more conservative in
their management, but because fewer patients have hip fractures.12 The role of disease
incidence is further suggested by correlations between surgical rates and disease risk factors.
For example, the southeastern part of the US has markedly higher rates of all types of
cardiovascular interventions than other regions of the country, but also much higher
prevalence of cardiovascular risk factors, including cigarette smoking, obesity, and diabetes.

Even when the true prevalence of disease varies little by geography, the number of
surgically treatable patients could vary according to regional differences in diagnostic
testing of patients with asymptomatic or subclinical disease. For example, while there is
little evidence that the true incidence of prostate cancer varies widely within countries, rates
of prostate specific antigen (PSA) screening—the most common means by which this
disease is detected—differ markedly. Moreover, these variations in screening are strongly
correlated with variations in prostatic biopsy and resection rates.13-1 L_u-Yao and
colleagues found that PSA screening rates were five times higher in Seattle compared to
Connecticut, which helped explain a five-fold spread in prostatectomy rates between the two
cities.14 Further evidence of the testing-treatment “cascade” is found in the use of
revascularization interventions for coronary artery disease, which vary markedly. Regional
rates of myocardial revascularization (percutaneous coronary interventions or coronary
artery bypass surgery) are highly correlated (R2 = 0-84) with the regional frequency of
cardiac catheterization, which provides both the diagnosis and the “road map” for
revascularization.16

Finally, differences in patients’ willingness to undergo surgical intervention may play a part
in regional variation in procedure rates. Hawker et al. conducted a population-based study of
patients residing in two areas of Ontario, Canada with low and high rates of hip and knee
arthroplasty. Based on functional status assessments and x-rays, a slightly higher percentage
of residents aged over 55 years in the high rate area had a potential clinical need for surgery
than those in the low rate area (3-6% vs. 2:9%, respectively). For those judged clinically
appropriate for surgery, the investigators then presented patients with detailed information
about the nature of and risks and benefits of joint replacement. Only 8-5% of patients in the
low-rate area expressed that they were “definitely willing” to have surgery, while 14-9% of
patients in the high-rate area expressed that preference.1’

Although these and other studies have highlighted the potential influence of illness burden
and patient demand, regional differences in such factors have tended to be small relative to
differences in surgery rates and fail to fully explain regional variations. For example, the
higher prevalence of cardiovascular disease may account for the generally higher
intervention rates in the southeastern US, but it does not explain why the use of
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cardiovascular surgery in adjoining counties within the southeast can differ by several-
fold.18 Moreover, a larger number of studies have failed to identify important differences in
the clinical demand for surgery across regions with differing rates. For example, based on
detailed household interviews conducted in adjacent areas of Vermont, Wennberg and
Fowler found no evidence that disparities in illness burden explained wide regional variation
in rates of different types of procedures.1®

Variation in physician beliefs about the clinical indications for surgery

The most obvious, and most important, reason for regional variation in surgery rates is that
physicians have differing attitudes and beliefs about the indications for surgery. In some
instances, variation in procedure rates reflects differences in decisions by physicians about
whether to refer patients to surgeons in the first place. In the seminal studies of the 1930s,
Glover et al. concluded that variation in tonsillectomy across English school districts
primarily reflected differences in the judgments of school health officers—the medical
physicians responsible for diagnosis and referral of children for tonsillectomy. Supporting
that assertion, tonsillectomy rates in specific school districts essentially changed overnight
as one health officer was replaced with another.!

More direct evidence supporting Glover’s hypothesis about the role of physician judgment
appeared forty years later. This time, however, the research implicated the surgeons as well
as referring physicians. Bloor and colleagues studied surgeons from two districts in Scotland
with high and low tonsillectomy rates, observing surgeons as they examined patients and
interviewing them afterwards about why they did or did not recommend surgery in specific
cases.20: 21 More “aggressive” surgeons tended to put more weight on the physical
examination, though they differed about which specific findings—hyperemia of the anterior
pillars, swollen lymph nodes, etc.—were most important in decisions to operate. In contrast,
surgeons from districts with lower tonsillectomy rates tended to discount physical findings,
placing greater emphasis on the patient’s medical history, particularly on the number of
previous tonsillitis episodes.

It is commonly assumed that high rates of procedure use mean that procedures are being
used “inappropriately”, but a recent systematic review found little evidence to support this
belief.22 In one study of 13 surgical procedures performed in Colorado hospitals, for
example, 97% of the 4,850 cases reviewed either met published indications for surgery or
were considered reasonable by external physician review.23 In research focusing more
directly on variation in procedure rates, Chassin et al. evaluated appropriateness in regions
with low, average, and high rates of coronary angiography, upper endoscopy, and carotid
endarterectomy. Overall, a substantial proportion of cases (17-32%, depending on the
procedure) were judged inappropriate. However, regional differences in the proportion of
inappropriate procedures were small and did not explain larger variations in overall rates.24
A follow-up study of the same procedures in 23 adjacent counties in one state confirmed
these results. Inappropriate procedures accounted for only 28% of the variation in the county
rates of angiography, and none of the variation in endoscopy or carotid endarterectomy.2°
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In interpreting these paradoxical findings, it is worth noting that many decisions about
surgery reside within a large grey area of clinical discretion, bounded by comparatively
small “tails” of clearly appropriate and inappropriate indications for intervention, as defined
by high level medical evidence. Moreover, regions can have comparatively high rates of
certain procedures without providing unnecessary care because the reservoir of surgically
eligible patients is often extremely large compared to operation rates. In the Ontario study
by Hawker et al. described previously, estimates of the population need for hip or knee
replacement—defined as clinically eligible by symptom scores and x-ray findings—
exceeded surgical rates by several-fold, even in the high rate region.1” For these reasons,
procedure rates can vary markedly without surgeons “breaking the rules” of scientific
evidence or infringing upon clinical guidelines.

Variation in the degree to which patient preferences are incorporated into

surgical decisions

For some surgically treatable conditions, the “right” answer about whether to intervene
should depend as much on patient preferences as on scientific evidence about clinical
effectiveness. The value of any given surgical intervention depends on trade-offs between its
benefits and risks. When there are large imbalances between the two, surgical decisions are
clear-cut and procedure rates tend to vary little. Regional variation becomes more
pronounced when such trade-offs are a close call, or when they require the value judgments
of individual patients. The value of abdominal aortic aneurysm repair, for example, depends
on the extent to which the upfront risk of perioperative mortality and morbidity is offset by
the survival benefit associated with the lower risk of death from aneurysm rupture. In
addition to scientific evidence about the comparative magnitude of risks and benefits in
different patient subgroups, optimal decisions should account for how patients value or
“discount” immediate versus deferred risks of death.

The most “preference sensitive” conditions are those for which surgical decisions involve
more heterogeneous trade-offs.26 With early stage prostate cancer, for example, radical
prostatectomy minimizes a patient’s risks of developing metastases and ultimately dying
from the disease. In return for this small longevity benefit and the psychological benefits
associated with cancer removal, patients need to consider the prospect of some degree of
sexual dysfunction and the risk of permanent urinary incontinence. Experts and scientific
studies may argue about the probabilities of different outcomes with surgery versus other
treatment options, but few would disagree that such trade-offs are highly personal, and the
“right answer” is supplied by each individual patient.

Differences in the extent to which physicians incorporate the preferences of individual
patients into treatment decisions may be an important factor underlying regional variation in
surgery rates. Although there is comparatively little empirical information on this topic, this
hypothesis is supported by observations that procedure rates for preference-sensitive
conditions, such as back pain and benign prostatism, tend to vary considerably more than
rates of other interventions (Figure 1).
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Field studies of the surgical treatment of early stage breast cancer illustrate how surgeon
beliefs can trump the values of individual patients and foster variation in practice. Multiple
clinical trials have confirmed the survival equivalence of breast conservation therapy
(lumpectomy and radiation) and modified radical mastectomy.2’-30 While a patient retains
her breast with the former, she achieves a slightly lower risk of local recurrence and can (in
many cases) avoid the need for adjuvant radiation therapy with the latter. There is little
evidence of significant differences across geographical areas in the way that patients view
this basic tradeoff, but numerous studies from several different countries have documented
significant regional variation in rates of the two procedures.31-36 In the mid-1990’s, a New
York writer decided to investigate this phenomenon by interviewing surgeons in Rapid City,
South Dakota, where the Dartmouth Atlas reported virtually nonexistent rates of
lumpectomy. Her interviews uncovered strong opinions against lumpectomy among multiple
local surgeons, with one surgeon stating, “It is my personal bias that mastectomy does
better.”37

Studies evaluating the effects of decision aids suggest that rates of surgical interventions are
strongly influenced by the extent to which patients are involved in their own treatment
decisions. Decision aids and interactive “shared decision making” tools provide patients
with detailed information about the risks and benefits of alternative treatments for specific
conditions. A recent systematic review of randomized-controlled trials evaluating such tools
confirmed that they improve patient knowledge, promote a more accurate perception of risks
and benefits, and increase consistency between the patient’s informed values and the
treatment chosen.38 Although no studies have assessed whether decision aids reduce
regional variation in procedure rates, numerous randomized trials from Europe and North
America have shown significant decreases in overall surgery rates following their
implementation.3%-41 In a recent study by Arterburn and colleagues, for example, the
introduction of decision aids was associated with 26% fewer hip replacement surgeries and
38% fewer knee replacement surgeries performed in patients with osteoarthritis over a six-
month period.42

Interpreting geographical patterns of surgical variation

The importance of clinical uncertainty and patient preferences are illustrated in the
“variation profiles” of different procedures. The relative degree to which surgical
interventions vary is commonly measured using the systematic component of variation
(SCV). An SCV is more robust than other measures of variation because it distinguishes
variation between areas (systematic variation) from variation within areas (random
variation), and as a result reflects the true, non-random part of observed variation in surgery
rates.10: 43 These calculations are usually standardized for age and sex, and are calculated
based on location of residence, regardless of where a surgery is performed.3 In general,
SCVs greater than 5 are considered indicative of high variation, while SCVs greater than 10
are considered indicative of very high variation.** At one end of the spectrum, regional rates
of hip fracture repair and colectomy for colon cancer vary little across the 306 hospital
referral regions of the United States (Figure 1). With the latter, for example, rates in the
highest and lowest rate regions varied less than three-fold and the SCV was only 3.5 in
2008-10. For both procedures, there is wide professional consensus that surgery is the
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preferred treatment strategy for almost all patients, and differences in patient preferences
generally play a relatively small role in decisions about surgery.

Rates of hip replacement (SCV 5:8) and coronary artery bypass surgery (CABG, SCV 7-2)
vary to an intermediate degree. For CABG, effectiveness has been examined in numerous
large randomized clinical trials, but many of these trials have conflicting findings and do not
provide evidence about all indications for the operation. CABG is moderately preference-
sensitive. In some subsets of patients it is performed exclusively to prolong life expectancy,
but in others more complex tradeoffs are required. Patients must balance the upfront risks of
procedure-related mortality and cognitive disability against the downstream benefits of
reduced angina and improved quality of life.

Radical prostatectomy occupies the far end of the variation spectrum. This procedure is
associated with an SCV of 13.5; rates between the lowest and highest regions vary more
than ten-fold. With early stage prostate cancer, patients have a wide range of treatment
options, from continued surveillance, to many different types of radiation therapy, to
surgical resection by various approaches. The comparative effectiveness of these competing
strategies is incompletely studied and continues to be hotly debated among both individual
physicians and specialty organizations. As described earlier, few procedures are as
preference-sensitive.

Broader influences on regional variation in surgery rates

Although this review has focused on understanding regional variation in surgery rates in a
clinical decision making paradigm, it is important to note that treatment decisions are
influenced by many broader environmental factors (Figure 2).

Technology diffusion

Surgical innovation and new technologies can amplify regional variation in practice
patterns. New procedures or new approaches to established procedures can contribute to
variation simply by increasing the number of therapeutic alternatives available to clinicians.
They are often disseminated in advance of rigorous evidence of their comparative
effectiveness in specific populations. Variation can arise not only because of differences in
physician opinions about whether the new procedure should substitute for existing
interventions, but also because physicians disagree about whether the new procedure should
change indications for surgery in the first place. For example, despite the absence of new
evidence to inform thresholds for operating, overall rates of cholecystectomy in both the US
and the UK increased substantially after the diffusion of laparoscopic surgery in the early
1990s.45: 46

Training and regional supply of surgeons

A region’s use of a specific procedure—its “surgical signature”—may be influenced in large
part by how surgical trainees are taught. Recent evidence suggests that training programs in
the United States vary widely with regards to many aspects of clinical practice.*’: 48 Since
physicians tend to establish their practices close to where they train, a region’s use of
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specific procedures may be perpetuated by the practice styles instilled by the training
programs that supply its surgeon workforce.

Although the total number of physicians in a region is a major determinant of overall health
spending, physician workforce is weakly correlated with surgery rates. In most instances, the
regional supply of specialists is a weak predictor of procedure rates in the corresponding
specialty area. In the US, for example, the regional supply of orthopedists has little
association with rates of elective hip replacement, or most other procedures in that specialty.
Such data highlight that surgeons in most specialties can do many different types of
procedures, but tend to favor some over others. As noted by Chassin et al. with carotid
endarterectomy 20 years ago, high procedure rates were explained not by differences in the
number of surgeons within a given area, but rather by “enthusiasm” for that procedure
among a small number of high volume surgeons in that region.#° In a more recent survey
study from Canada, spine surgeons reporting enthusiasm for a particular procedure had
significantly higher rates of that procedure.>°

Financial incentives and regulatory environment

Reimbursement models and physician incentives may influence not only overall utilization
of specific procedures, but also regional variation in rates. For example, regional rates of
common outpatient procedures, like endoscopy, cataract surgery, and arthroscopy, vary
considerably. US regions in which those procedures are performed in physician-owned
ambulatory surgery centers have overall rates twice as high or higher than those in which
outpatient surgery is conducted in hospitals, by physicians that have no direct financial
interest.51: 52 Similarly, physician-owned hospitals specializing in cardiac care have
significantly higher rates of CABG and PCI.53 As delivery models and associated financial
incentives vary geographically, so too will procedure rates.

Regulatory constraints on capacity may have the opposite effect and serve to dampen
variation in surgery rates. For example, for many years New York State has limited the
diffusion of new cardiac surgery programs with so-called “Certificate of Need”
requirements, while California has had no such restrictions. While other factors may also be
at work, New York has historically had much lower overall rates of CABG,>* and less
geographical variation within its boundaries.18

Nonetheless, it is important not to overstate the importance of financial incentives and
regulatory factors as determinants of regional variation in surgery rates. Although such
factors may help explain international differences in surgery rates (as described next), they
cannot explain regional variation within countries sharing a common reimbursement model
and healthcare policies. The fact that variation is often idiosyncratic and specialty-specific
(regions have high rates for some procedures and low rates for others) also speaks against
financial incentives and the regulatory environment as major determinants of regional
variation in the use of surgery.

Regional intensity of medical care

Although many may assume that the use of surgery is a marker of the general
“aggressiveness” in the approach to medical care by physicians serving a given region,

Lancet. Author manuscript; available in PMC 2014 October 28.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Birkmeyer et al.

Page 9

current evidence does not support this belief. At least in the US, there is very little
correlation between a region’s use of inpatient surgery and its overall healthcare utilization,
as reflected by regional expenditures.26: 5 Moreover, there is little evidence that some
regions are simply more inclined toward surgical intervention than others. Instead,
procedure rates tend to be idiosyncratic and highly condition- and specialty-specific. For
example, data from the Dartmouth Atlas indicate that rates of cardiac procedures are largely
uncorrelated with those of orthopedic procedures. More surprisingly, there is sometimes
little correlation in regional rates of procedures of the same specialty or subspecialty. In
Harlingen, Texas, for example, the rate of total hip replacement is among the lowest in the
US, while the rate of total knee replacement is among the highest.56

International comparisons

Although this article reviews the literature on small area analysis (and thus regional
variation within countries), it is worth noting that rates of common surgical procedures also
vary markedly across international boundaries. Based on data from the 1990s, for example,
rates of back surgery were 164% higher in the US than in Canada.>’ In more recent
comparisons, rates of carotid interventions (either endarterectomy or stenting) were
markedly higher in the US (300 per 100,000 Medicare beneficiaries in 2006) than across 10
European countries (9.6 per 100,000 in 2008).58: 59 Sych disparities no doubt reflect
international differences in healthcare capacity, reimbursement policy and financial
incentives, and other factors discussed in the previous section.

Like variation across small areas within countries, however, variation in surgical rates across
countries also reflects differences in physician beliefs about indications for surgery. In the
1980s, for example, overall rates of inguinal hernia repair in the UK (137 per 100,000) were
only half those in the US (276 per 100,000).3: 60 Given the perceived risks of bowel
strangulation and related complications (concerns largely debunked in later clinical trials),
surgical repair was considered the “right” answer by American surgeons for almost all
patients. In the UK, by contrast, patients with hernias that were small or minimally
symptomatic often received a truss or were left untreated.*3 60 Contemporary studies of
carotid endarterectomy show that 26% of patients undergoing surgery in Europe have
asymptomatic disease, a subgroup in whom the benefits of surgery are lower.61 In the US,
by contrast, patients without symptoms account for 48% to 92% of individuals undergoing
this procedure.52 63

Despite international differences in overall surgical rates, the extent to which specific
procedures vary within countries is remarkably consistent.® 10 In one international study, the
United States had substantially higher overall rates of hysterectomy, tonsillectomy, and
hernia repair than Norway and the United Kingdom.#3 However, the relative degree of
regional variation within countries was consistent across all three settings. Analysis of more
recent data further confirms that variation “signatures” for most procedures are similar
across national boundaries. As seen in Figure 3, the SCVs of six common procedures in the
UK, as reported by 7he King’s Fund, are almost linearly correlated with SCVs of the same
procedures in the US, as published in the Dartmouth Atlas. Such data underscore that the
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clinical decision making paradigm—not environmental and other external factors—is central
to understanding and ultimately reducing regional variation in the use of surgery.

Conclusions

Practice variation is of course not unique to surgical care. Similar regional disparities have
been described in medication prescribing patterns,54-66 the use of radiological imaging,%’
and admission rates for medical conditions.10: 68. 69 Nonetheless, because the consequences
of an operation can be so much more dramatic for a patient than a prescription or an x-ray, it
is not surprising that regional variation in surgery—and its implication that many patients
are getting procedures they do not want or need — has garnered a disproportionate share of
attention from researchers, policy makers, and patient advocacy groups.

As considered more fully elsewhere in this issue, optimal strategies for reducing regional
variation in surgical rates remain uncertain. The persistence of geographical disparities,
despite 80 years of research and growing professional awareness of this issue, suggests that
natural history alone will be insufficient. One obvious answer is better evidence about the
comparative effectiveness of competing therapies and thus an answer to the basic question,
“Which rate is right?” Still, the stubbornness of regional variation in surgery rates, despite
major advances in clinical science over time, raises questions about the power of scientific
evidence alone in reducing variation. After all, some of the most widely studied surgical
procedures continue to be the most variable, while other procedures vary little in the absence
of high-level evidence.

Because high variation procedures tend to be preference-sensitive, reducing variation will
instead require more systematic efforts to ensure that treatment decisions are driven by the
well-informed preferences of individual patients. With growing evidence of their
effectiveness for many surgically-treated conditions (see the companion article in this issue),
decision aids and shared decision making programs are becoming increasingly popular
among payers, policy makers, and health system leaders in the U.S and UK.70. 71

There are of course other important types of variation in surgical practice. Surgical
technique and operative approach vary considerably among surgeons, driven more by
surgeon training and preference than evidence about comparative effectiveness. More
importantly, surgical quality and patient outcomes after surgery also vary considerably
across surgeons, hospitals, and regions. Such variation has prompted wide-ranging efforts
aimed at accelerating quality improvement in surgery, from centralization of complex
procedures, to pay for performance initiatives, to operative checklists, to clinical registries
and performance feedback.”2 Recent studies suggest that such efforts have begun to pay
dividends for patients, at least as reflected by population-based studies of surgical
mortality.”3 Nonetheless, improving the quality of decisions to operate in the first place is
perhaps even more important to the well-being of patients, and will require sustained efforts
aimed at reducing unwanted variation in regional rates of surgery
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Search strategy and selection criteria

We searched Ovid MEDLINE and Embase for articles published between 1946 and May
1, 2013, and constructed our searches using a combination of MeSH or EMTREE
controlled terms (such as, “small-area analysis”, “physician’s practice patterns”. and
“clinical practice”) and title and abstract keywords. For the keyword portion of the
search, we used the following concepts, plus various derivatives: “regional”,
“geographic”, “population”, “treatment”, “small area”, or “care”, adjacent to “variation”
or “pattern”, in combination with “rate” adjacent to “surgery”, “surgical”, or
“procedure”. We also searched the bibliographies of articles identified by this search
strategy, as well as references contained in 7racking Medicine, by John E. Wennberg.
Given the necessarily broad search terms and the narrative nature of this review, articles
highlighted in text were selected based on the authors’ judgments about their respective

importance in describing, explaining, or reducing regional variation in the use of surgery.
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Figure 1.
Variation in rates of major surgery for ten common procedures among 306 hospital referral

regions in the US, based on 2008-10 national Medicare data. The extremal ratio reflects the
highest rates divided by the lowest. The interquartile ratio is the 75! percentile rate divided
by the 25™ percentile. The systematic component of variation (SCV) represents the true,
non-random part of observed variations.®’
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Pathway to Surgery

Figure 2.
Conceptual model of regional variation in the use of surgery.
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SCVs of Common Surgical Procedures
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Figure 3.
The association between regional variation in the US12 and the UK for the specified

period (SCV: systematic component of variation; CABG: coronary artery bypass grafting;
PCI: percutaneous coronary intervention).
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