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After the release of the Institute of Medicine (IOM)
report To Err Is Human,1 improving the quality of
health care in the United States (US) has become a

national priority.2 There is also a growing realization that
the dramatic growth in health care costs is not economically
sustainable. Total spending on health care is projected to
increase to nearly 40% of the gross domestic product by
2050.3 The imperative to improve quality and cut costs
has led the federal government to initiate public repo-
rting with Hospital Compare,4 and to incentivize
physician and hospital performance using pay-for-
performance.5 The Centers for Medicare and Medicaid
Services (CMS), along with key stakeholders such as the
Joint Commission, the American Medical Association,
the Physician Consortium for Performance Improvement
(PCPI), and many medical societies such as the American
Society of Anesthesiologists (ASA), are developing per-
formance measures for hospitals and physicians.6

With the creation of the Anesthesia Quality Institute
(AQI) and the National Anesthesia Clinical Outcomes
Registry (NACOR), the ASA is creating the data infrastruc-
ture for quality benchmarking and outcomes improvement
in anesthesiology.7 Performance measurement is poten-
tially a “transformative tool”8 and is widely recognized as
the cornerstone in the drive to improve health care quality.9

Performance measurement can be used to transform hos-
pitals into “learning laboratories” to discover and imple-
ment best practices.9,10 In seeking to integrate AQI with the
CMS Physician Quality Reporting Initiative, the ASA is also
creating a mechanism to facilitate anesthesiologist partici-
pation in the physician quality reporting and payment
incentive system legislated by Congress in the 2006 Tax
Relief and Health Care Act. Performance assessment is now
a core component of anesthesiologist credentialing through
the American Board of Anesthesiology Maintenance of

Certification. Although to date only 3 of the 266 perfor-
mance measures developed by the AMA Physician Consor-
tium for Performance Improvement11 are anesthesia-
specific,a there can be no doubt that performance
measurement will become an integral part of the practice of
anesthesia in the future.7

The implementation of public reporting and policies
linking payment to health care outcomes has profound
implications for health care delivery in the US.12 In theory,
publicly reporting health care outcomes and linking pay-
ment to quality will harness market and regulatory forces
to promote greater quality and efficiency in the health care
system. In practice, the success of using performance
measures to fundamentally reshape health care is critically
dependent on the accuracy and reliability of quality mea-
surement. Although anesthesiologists are one of the key
stakeholders in current efforts to reengineer health care
delivery, most of us have, at best, only very limited
knowledge in this area. Our goal in writing this white
paper is to provide anesthesiologists with the background
they need to actively participate in the development of
performance measures for anesthesiologists. We will use
the Donabedian structure-process-outcome conceptual
model13 as a framework to describe the key concepts,
strengths, and limitations of clinical performance measure-
ment. Although performance measurement is a critical
driver for improving health care, it is not a panacea and
can lead to important unintended consequences if it is
not developed and implemented using a careful and
evidence-based approach. We intend for this white paper
to serve as a useful primer for anesthesiologists on
performance measurement.

OUTCOME MEASURES
The IOM defines quality as “the degree to which health
services for individuals and populations increases the
likelihood of desired health outcomes and are consistent
with current professional knowledge.”14 This widely ac-
cepted definition equates the quality of health care with the
effectiveness of health care in producing desired patient
outcomes. At the core of the IOM definition of quality is the
word “outcome.” The most important reason to measure
outcomes is the simple fact that “patients care about
results.”15 Patient outcomes represent the final common
product of all clinical activity and are the cornerstone of
performance measurement.

Unfortunately, an individual patient’s outcome is not
simply the result of the effectiveness of medical care, but is
also a complex function of a patient’s risk factors (how sick
is the patient before receiving medical care) and chance
(random) events.16 Thus, it is not possible to use crude
mortality rates after coronary artery bypass graft (CABG)
surgery to measure hospital quality because differences

aThe 3 anesthesiology and critical care measures consist of (1) prevention of
ventilator-associated pneumonia, (2) prevention of catheter-related blood-
stream infections with a central venous catheter insertion protocol, and (3)
perioperative temperature management.
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in hospital mortality may be attributable to differences in
patient case mix as well as differences in hospital quality.
In theory, risk adjustment allows us to account for
patient risk factors and equate risk-adjusted outcomes
with the effectiveness of care. In practice, however, “The
Risks of Risk Adjustment”17 is that different risk adjust-
ment models can yield different quality assessments for
the same group of hospitals: a hospital can receive a
different quality rating depending on which risk adjust-
ment model is used.

Risk adjustment is necessary to avoid penalizing hospi-
tals and physicians who treat high-risk patients.17 Using
unadjusted mortality rates to evaluate hospital quality
lacks face validity. Moreover, risk adjustment may make it
less likely that physicians will avoid high-risk patients to
boost their quality rating.17 For many physicians and policy
makers, the methodology of risk adjustment is a “black
box.”18 Understanding what is inside the black box is
critically important to be able to meaningfully assess the
validity of the risk adjustment methodologies used to
construct quality measures.

Risk adjustment relies on a regression model that uses a
patient’s clinical risk factors to predict the probability of
death for a patient treated at an “average” hospital.19 This
information is then used to calculate a hospital’s expected
mortality rate (EMR) by averaging the predicted probabil-
ity of death for each of the hospital’s patients. Hospital
performance is then assessed by comparing a hospital’s
observed mortality rate to its EMR, usually using the ratio
of the observed mortality rate to the EMR, the O-to-E (OE)
ratio. Hospitals with an OE ratio significantly �1 are
labeled as high-mortality outliers, whereas hospitals with
an OE ratio significantly �1 are labeled as low-mortality
outliers. The comparative performance of hospitals can be
displayed using a caterpillar graph such as the sample
report card used in the Survival Measurement and Report-
ing Trial for Trauma20 (Fig. 1). (The odds ratio and the OE
ratio have similar interpretations in this application.) It is
common to multiply the OE ratio by the unadjusted

population rate for the entire patient cohort to obtain the
risk-adjusted mortality rate. For example, if the OE ratio for
hospital A in the New York State (NYS) CABG report card
is 0.5 and the overall CABG mortality rate in NYS is 2%,
then hospital A would have a risk-adjusted mortality rate
of 1%.

In order for a risk adjustment model to be useful for
benchmarking performance, the data elements used for risk
adjustment must be clearly defined and accurate. Poor-
quality data cannot be used to generate unbiased quality
reports, regardless of the level of statistical expertise.21

Report cards can be based either on administrative data or
clinical data. Administrative data are extracted from dis-
charge billing forms, and consist of demographic informa-
tion, primary and secondary diagnoses coded using the
International Classification of Diseases (ICD-9-CM) system,
and procedure codes. Administrative data are readily avail-
able because they are routinely collected for billing pur-
poses; these data can be used for benchmarking purposes
without additional expense.22 However, administrative
data frequently do not contain sufficient clinical content to
perform risk adjustment,23 might not be coded accurately,
and are incomplete.22 The ICD9 coding system does not
provide comprehensive clinical descriptions for ICD9
codes.22 For example, there are 40 diagnostic codes for
anemia, but none specifies the hematocrit. Compared with
clinical data, administrative data have low sensitivity for
important comorbidities.24 In one study based on heart
failure patients, the sensitivity of administrative data for
myocardial infarction (MI) was only 35.7%, chronic ob-
structive pulmonary disease 55.5%, cerebrovascular disease
24.1%, peripheral vascular disease 19.5%, and renal insuf-
ficiency 44.9%.25 Chronic and asymptomatic conditions in
sicker patients are undercoded in administrative data,
resulting in some studies demonstrating a paradoxically
protective effect for some diagnoses. In some cases there is
a negative association between conditions such as hyper-
tension or diabetes and mortality21; patients with hyperten-
sion or diabetes appear to have a lower mortality than
patients without these conditions. Some key clinical vari-
ables, such as left ventricular ejection fraction, that are
powerful predictors of mortality, are missing in adminis-
trative data.

One of the key limitations of administrative data is that
they often fail to distinguish between preexisting condi-
tions and complications that occur after hospital admission.
For example, a patient who undergoes CABG surgery and
has a postoperative anterior wall MI will receive the same
ICD9 code as a patient who had his MI preoperatively. As
a result, hospitals may receive “credit” for their complica-
tions causing their overall EMR to be higher than it should
be.26 This will falsely decrease their OE ratio and can lead
high-mortality hospitals to be misclassified as average-
mortality hospitals.27 Under the Deficit Reduction Act of
2005, CMS is mandated to require hospitals to report a
present-on-admission indicator, which identifies whether a
secondary diagnosis represents a preexisting condition or
a complication.28 However, because the present-on-admission
indicator will be used by CMS to eliminate payments for
hospital-acquired conditions, it may be subject to data ma-
nipulation by hospitals attempting to optimize their billing.

Figure 1. Sample hospital outcomes report for hospital cohort.
Vertical bars represent 95% confidence intervals. Hospitals whose
quality is below average are in red and hospitals with above-average
quality are in blue. “Your” facility is shown in green. (Reproduced
with permission from the Journal of Trauma.20)
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Although clinical data are more accurate than adminis-
trative data, they are also much more expensive and less
widely available.23 One of the earliest and most highly
regarded outcomes report is produced by the NYS Depart-
ment of Health for CABG surgery and is based on audited
clinical data.29 Many of the most credible outcome report-
ing systems are also based on clinical data: the Society of
Thoracic Surgeons (STS),30 the Veterans Administration
(VA) National Surgical Quality Improvement Program
(NSQIP),31 the American College of Surgeons (ACS)
NSQIP,32 and the Northern New England Cardiovascular
Study Group.33 However, some well-known statewide34

and national reporting programs, such as the CMS Hospital
Compare,35 are based in part on administrative data.

Data quality issues notwithstanding, there remains
considerable controversy surrounding the use of adminis-
trative versus clinical data for risk adjustment. No one
disagrees that clinical data are preferable to administrative
data if cost was not a concern. However, some (especially in
the business community) view clinical data collection on a
national scale as prohibitively expensive and not feasible.
They argue that “perfection” (report cards based on clinical
data) “should not be the enemy of good” (report cards
based on administrative data).36 The IOM states in Envi-
sioning the National Health Care Quality Report that “admin-
istrative data, such as Medicare claims, represent one of the
most practical and cost-effective data sources on selected
components of health care quality available today.”37 Oth-
ers, physicians in particular, argue that the poor quality of
administrative data make it unusable for risk adjustment
purposes.36 Some medical societies, such as the American
College of Cardiology38 and the STS,39 have adopted the
position that report cards should be based on clinical data.
This issue is far from being resolved.

Another potential source of bias in quality reporting is
hospital differences in diagnostic practices. There are sig-
nificant differences in the intensity of diagnostic practices
across the US.40 Hospitals that engage in more intensive
diagnostic practices will diagnose more comorbidities per
patient. These hospitals will appear to have a sicker patient
case mix, and thus lower adjusted mortality rates. This bias
will occur with both administrative and clinical data.

Data quality alone is not sufficient to ensure that risk
adjustment will “level the playing field.” The “right” set of
risk factors must be selected for inclusion in the risk
adjustment model. The challenge lies in determining which
risk factors to include. Variable selection is guided by both
clinical judgment and statistical criteria. The model must
then be validated using measures of discrimination41 and
calibration.42 In the seminal paper “The Risks of Risk
Adjustment,” Iezzoni17 revealed that different risk adjust-
ment models (each with a different set of risk factors)
frequently disagreed on hospital quality for patients hospi-
talized with acute MI (AMI), pneumonia, stroke, and
CABG surgery. The finding that quality varies depending
on the choice of risk adjustment model is a significant
limitation of outcome measurement.

Assuming that data quality is perfect and that risk
adjustment is perfect, can we then be confident that risk-
adjusted outcome measures will reliably discriminate be-
tween high- and low-quality hospitals? Sample size (i.e.,

case volume) is also a potential problem. In an elegant
article published in the Journal of the American Medical
Association, Dimick et al.43 demonstrated that, with the
exception of CABG surgery, none of the surgical proce-
dures recommended by the Agency for Healthcare Re-
search and Quality (AHRQ) for mortality measurement
(hip replacement, abdominal aortic aneurysm [AAA] re-
pair, pediatric heart surgery, pancreatectomy, esophagec-
tomy, and craniotomy) is performed frequently enough to
be used as the basis for quality measurement. In this
simulation, it was assumed that a hospital’s observed
mortality rate was its true mortality rate, meaning that all
hospitals had the same case mix. Low-quality hospitals
were defined as hospitals whose mortality rate was twice
the average mortality rate for the overall cohort. With the
exception of CABG surgery, the majority of hospitals did
not have a sufficient case volume of surgery to permit
hospitals with twice the average mortality to be identified
as low-quality hospitals. Sample size is an even bigger
problem when measuring physician performance.

One possible solution to the sample size problem is to
aggregate similar procedures together to achieve adequate
case volumes. This approach is used in the VA NSQIP and
ACS NSQIP, which group together all major general and
vascular surgical procedures. This means that the same risk
adjustment model is used to estimate the probability of
death for patients undergoing AAA repair, neurosurgery,
and breast surgery, in addition to many other surgical
procedures. The risk adjustment model accounts for surgi-
cal complexity by including work relative value units as
one of the explanatory variables. However, the same set of
risk factors and the same “weights” for those risk factors
are used for all of the procedures included in the bench-
marking report. A priori, it would seem unlikely that the
same risk adjustment model would be the best model for
procedures as different as AAA repair and breast surgery.

Another possible solution to the sample size problem is
to use outcomes that occur more frequently (e.g., compli-
cations) as the basis for quality measurement. Using
complications as outcome measures would increase the
statistical power of performance measures to discriminate
between low-quality and high-quality hospitals (and prac-
titioners). NSQIP in fact does this: reporting both risk-
adjusted mortality and morbidity for its member hospitals.31

However, using complications as the basis for quality
measurement is not without limitations, especially if they
are based on administrative data. Unlike mortality, which
is relatively easy to define and capture irrespective of
whether one is working with clinical or administrative
data, defining what is a complication is much more subjec-
tive (and possibly more prone to data manipulation). In
particular, administrative data are relatively insensitive for
identifying complications. AHRQ developed a set of com-
plication measures based on administrative data, the Pa-
tient Safety Indicators (PSIs),44 which are increasingly
being used for public reporting and pay-for-performance.45

Using the NSQIP clinical data as the “gold standard,” a
validation study of select AHRQ PSIs demonstrated low
sensitivities for detecting some complications, such as
postoperative respiratory failure (19%), postoperative iat-
rogenic cardiac complications (17%), postoperative sepsis
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(32%), and moderate to excellent sensitivity for other
complications, such as postoperative physiologic/metabolic
derangement (44%), postoperative pulmonary embolism/
deep vein thrombosis (56%), and postoperative MI
(81%).45 One of the major barriers to using complications
outcomes for performance measurement, especially
when using administrative data, is that variability in
hospital performance may reflect differences in coding or
surveillance practices among hospitals, as well as “true”
differences in outcomes.

In summary, the “quality” of quality measurement
(based on outcomes) is a function of data quality, risk
adjustment, sample size, and the accuracy of the outcomes
themselves. However, the goal of performance measure-
ment is not to make measures, but rather to improve
outcomes. Having described the limitations and barriers to
outcomes measurement, what is the actual evidence that
measuring outcomes improves patient outcomes?

There is a substantial body of evidence that performance
measurement is associated with improved outcomes. Be-
ginning in 1989, the NYS Department of Health began to
collect data on CABG surgery and provide feedback to
hospitals and surgeons on their risk-adjusted outcomes. In
addition to providing outcome reports, the department
used the data to help guide quality improvement interven-
tions in high-mortality hospitals. Between 1989 and 1992,
the observed mortality rate for CABG surgery in NYS
decreased by 21% and the risk-adjusted mortality rate
decreased by 41%.46 In a landmark study published in the
Journal of the American Medical Association, the Northern
New England Cardiovascular Disease Study Group
showed that an organized intervention, consisting of out-
comes feedback coupled with a structured quality improve-
ment initiative, resulted in a 24% reduction in hospital
mortality rate for CABG patients.47 The VA conducted a
parallel study for cardiac and noncardiac surgery: the VA
NSQIP combined feedback with structured site visits and
dissemination of best practices31 resulting in a 27% reduc-
tion in mortality and a 45% decrease in morbidity. This
program was extended to the private sector under the
sponsorship of the ACS. Hospitals participating in the ACS
NSQIP also experienced significant reductions in mortality
and morbidity.48

Although at first glance the evidence connecting feed-
back and outcomes appears impressive, these studies are
either observational in nature,46,49 or are prospective cohort
studies that lack a control group.31,47,48 Nevertheless, there
does seem to be a strong association between outcomes
feedback and improved population outcomes. Despite the
fact that these studies do not exclude the Hawthorne effect
(i.e., outcomes tend to improve by virtue of being studied),
the exact mechanism for the observed improvement may
not matter nearly as much as the fact that outcomes did in
fact improve when hospitals and physicians received feed-
back on their outcomes.

PROCESS MEASURES
Process measures describe what we do to our patients. The
proportion of surgical patients who receive appropriate
antibiotic prophylaxis within 1 hour before surgical inci-
sion is an example of a process measure. The use of a

process indicator to measure quality is predicated on the
assumptions that the intervention captured by the process
measure is associated with improved outcomes, and that it
represents a “best practice.” Physicians are frequently slow
to adopt new evidence and incorporate it into their prac-
tice.10,50 It took 25 years after the publication of the
Beta-Blocker Heart Attack Trial for �-blocker treatment
post-MI to achieve nearly universal adoption.51 Perfor-
mance measurement and pay-for-performance is a new
paradigm for redesigning health care: public reporting is
designed to accelerate the dissemination and adoption of
best practices.50 The lack of standardization and the wide-
spread variability in the practice of medicine are believed to
be factors responsible for the “quality gap.”52 Promoting
standardization through process measures is considered to
be a “first step in ensuring quality improvement.”52

Unlike outcome measures, process measures typically
do not require risk measurement as long as the appropriate
target population is correctly specified. Risk-adjusted out-
come measures can be biased because of improper risk
adjustment, whereas measurement bias is rarely a problem
for process measures.53 In the case of the SCIP (Surgical
Care Improvement Project) measures, whether a surgical
patient receives appropriate antibiotic prophylaxis before
skin incision does not depend on a patient’s severity of
disease. Because risk adjustment is not required, the data
collection burden (and therefore the cost) for process mea-
sures is less than for outcome measures. Unlike outcome
measures, process measures are directly actionable. If a
hospital receives feedback that its performance on a SCIP
measure for antibiotic prophylaxis is low, it can directly
target this particular aspect of care for quality improve-
ment. In contrast, if a hospital receives feedback from the
ACS NSQIP that its mortality rate for noncardiac surgery is
high compared with other hospitals, it will be much more
difficult for a particular hospital to determine which care
practices to target for improvement to reduce mortality.13

Process measures can improve quality by increasing
adherence to measured processes of care that lead to
improved outcomes. According to the Joint Commission,
improvement in the performance of US hospitals on pub-
licly reported process measures has been nothing short of
dramatic. For example, in 2009, nearly 100% of hospitals
administered �-blockers at discharge to MI patients, com-
pared with fewer than 50% in 2002.54 The primary limita-
tion of process measures is that the evidence base linking
specific medical practice and outcomes is very limited53,55;
there are simply too few agreed-upon “best practices” to
choose from. An intervention is useful only if it results in
better outcomes. Much of what we do when we care for
patients is not truly evidence based, but rather grounded in
expert opinion.55 Even in areas of medicine such as cardi-
ology, which has been the most studied, the evidence base
is not particularly strong. A recent review of the scientific
evidence underlying cardiovascular practice guidelines of
the American College of Cardiology and the American
Heart Association found that nearly 50% of the recommen-
dations were based on expert opinion, case studies, or
standards of care.56 It can be argued that expert opinion
and standards of care do in fact constitute “evidence to
guide patient care.”57 However, the use of guidelines or
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recommendations, based solely on expert opinion or stan-
dards of care, as performance measurement lacks face
validity, especially when such measures are to be used as
the basis for public reporting or pay-for-performance.58

Turning guidelines into performance measures requires
guidelines based on high-quality evidence that can be
implemented using minimal clinical judgment.58 However,
many of our patients have multiple complex comorbidities
that cannot always be accommodated by simple decision
rules. Furthermore, guideline creation is consensus based
and incorporates the implicit biases and values of expert
panels. Using treatment guidelines as performance mea-
sures requires meticulous attention to minimizing these
potential biases.58

Even for process measures for which clinical trials
suggest a strong link between a therapeutic intervention
and mortality, the evidence that hospital compliance with
best practices leads to better outcomes is somewhat mixed.
CMS evaluates and publicly reports hospital performance
using process measures for patients with AMI, heart fail-
ure, and pneumonia on the CMS Hospital Compare web
site. These process measures include aspirin and �-blocker
use in patients with AMI, angiotensin-converting enzyme
inhibitor for left ventricular dysfunction, and timing of
initial antibiotic use in patients with pneumonia.4 Individu-
ally, these processes of care have been shown to be strongly
associated with outcomes in clinical trials.4 Despite this,
hospital performance on these process measures was only
“modestly correlated” with risk-adjusted mortality in one
study, leading the authors to conclude that these process
measures had questionable ability to discriminate between
high- and low-quality hospitals.4 Another group of inves-
tigators using the same dataset, and a slightly different
methodology, found that high performance on process
measures was associated with a 7% to 15% reduction in the
odds of death: hospitals in the top quartile of performance
on the process measures had mortality rates that were 1%
lower for patients with AMI, 0.4% lower for congestive
heart failure, and 0.8% lower for pneumonia.59

In the case of surgical care, CMS partnered with the
American College of Surgeons, the American Society of
Anesthesiologists, and other national groups to create
SCIP. This program was established with the goal of
reducing surgical complications by 25% by 2010. The SCIP
measures are publicly reported on the CMS Hospital Com-
pare web site, along with the measures for AMI, heart
failure, and pneumonia. A recent study, based on 398
hospitals in the US, demonstrated that adherence with a
composite all-or-none index of SCIP measures was associ-
ated with 14% lower odds of postoperative infections after
cardiac and noncardiac surgery.60 This is the first large-
scale study to investigate whether adherence to the publicly
reported SCIP measures is associated with improved out-
comes. Taken together, these studies demonstrate a modest
correlation between compliance with process measures and
outcomes in both medical and surgical patients.

However, process measures also have potentially im-
portant unintended consequences. First, the emphasis on
assuring adherence to measured processes (“teaching to the
test”) may divert resources from other key clinical tasks,
and may lead to worse outcomes in unmeasured areas.

Second, process measures may not directly measure the
effectiveness or appropriateness of actual care. For ex-
ample, a hospital can receive “credit” for a measured
process even if the wrong drug dose is administered, or if
the drug is used in a patient at risk for an undesirable drug
interaction.15 Third, what constitutes best practices is a
“moving target,” and the ability to innovate may be damp-
ened unless there is a mechanism to refine and improve
process measures over time.15 For example, the use of a
60-minute time window for antibiotic dosing, as specified
in the SCIP prophylactic antibiotic measures, is not evi-
dence based and may need to be modified as new research
becomes available.61 Fourth, clinical care is frequently
complex and nuanced, and cannot always be captured
using simple process measures, making it difficult to
determine whether care is consistent with practice guide-
lines.62 Fifth, process measures are easily gamed by exclud-
ing patients “who have questionable contraindications to
standard therapies.”63 Finally, process measures may cause
physicians to focus too narrowly on improving adherence
to a specific set of reported measures, encouraging tunnel
vision, as opposed to striving to achieving better global
outcomes.53 Although process measurement may be effec-
tive for improving adherence to practices that are sup-
ported by high-level evidence, process measures do not
measure clinical quality for most clinical activities, and are
therefore not a substitute for outcome measures.15

STRUCTURAL MEASURES
According to Donabedian,13 structural measures refer to
the properties of the hospital setting, including the “ad-
equacy of facilities and equipment, the qualifications of
medical staff and their organization, the administrative
structure and operations of programs.” Use of the structure
of the health care environment as a quality measure as-
sumes that “given the proper settings … good medical care
will follow.”13 Typically, structural measures include orga-
nizational characteristics (hospital size, procedure volume,
ownership, and accreditation status), human resources
(practitioner credentialing and certification, and nurse
staffing ratios), and technology (computerized physician
order entry systems, and information infrastructure).37

Structural measures are relatively inexpensive and easy to
collect.37 In some cases, such as procedure volume, there is
a strong association between structure and outcome.64–66

In most cases, however, the evidence supporting a robust
linkage between structure and outcome is not particularly
strong.67,68 In addition, many structural measures such as
procedure volume and ownership/teaching status are not
actionable; individual hospitals, for example, cannot easily
change their case volumes to “improve” quality.37,67,69

Finally, structural measures do not measure the perfor-
mance of individual hospitals or physicians. For example,
although some hospitals with high case volumes for CABG
have better outcomes than lower-volume centers, some
high-volume centers may have poor outcomes,70 despite
the fact that high volumes are generally associated with
better outcomes. As a result, hospitals and surgeons view
structural measures as “unfair”69 to quantify performance.
However, as in the case of process measures, using
structural measures as performance measures provides
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regulatory agencies and third-party payers the option to
incentivize the adoption of innovative organizational pro-
cesses, such as health information technology, computer-
ized physician order systems, and intensivist-run intensive
care units, that are viewed as best practices.

WHERE DOES ANESTHESIOLOGY FIT IN?
Anesthesiology is considered by many to exemplify the
safe practice of medicine by its achievement of a reported
10-fold decrease in anesthesia-related mortality in the last
several decades.71 If in fact the death rate from anesthesia is
�1 in 200,000, further improvements in anesthesia mortal-
ity may be neither achievable nor even recognizable given
sample size limitations. However, this view has been
challenged by Lagasse in “Anesthesia Safety: Model or
Myth?” in which he finds that anesthesia mortality is closer
to 1 in 10,000.72 In contrast, a more recent study applying
the AHRQ PSIs to an administrative dataset estimated that
the number of anesthesia-related deaths was �1 in
100,000.73 However, to our knowledge, the AHRQ PSIs for
anesthesia-related complications have not been validated,
and it is likely that this latter figure represents a significant
underestimate.74

Some complications are most likely anesthesia related:
patient awareness under general anesthesia, transfusion
reaction, neurologic deficit after regional anesthesia, or
epidural abscess after neuraxial anesthesia. Death and most
major complications, such as acute kidney injury, postop-
erative MI, respiratory failure, and cerebrovascular acci-
dents, are more difficult to classify as anesthesia related
versus surgery related. However, the absence of a validated
algorithm to identify anesthesia-related outcomes does not
mean that anesthesiologists should escape accountability
for these outcomes. After all, if the performance of cardiac
surgeons is profiled, why not that of cardiac anesthesiolo-
gists? In actuality, anesthesiologists and surgeons are part
of a multidisciplinary team, and interact in a complex
manner with one another, and with hospital factors, to
affect patient outcomes. The goal of performance measure-
ment is first and foremost to improve outcomes, not to
assign blame. Multidisciplinary teams of anesthesiologists,
surgeons, and nurses working together can use perfor-
mance measures as a means to motivate and guide targeted
quality improvement efforts within their institutions. Pro-
cess measures should also be used to eliminate unnecessary
variability in care, and to accelerate the dissemination of
best practices, as long as there is strong evidence that these
processes are tightly linked with improved outcomes.

We should enthusiastically promote the growth of the
anesthesia registries being created by the AQI7 and the
Multicenter Perioperative Outcomes Group,75 and use
them to develop the evidence base to identify best
practices. The AQI NACOR will include data on mortal-
ity and major complications (e.g., perioperative MI,
stroke, cardiac arrest, and unplanned intensive care unit
admission), information on comorbidities necessary for
risk adjustment, and process measures (anesthesia type,
fluid and drug administration, and transfusion), and
structural measures (physician training and certification,
and hospital and anesthesia group characteristics).
NACOR will serve as the data infrastructure for a

national anesthesia perioperative report card to provide
anesthesia groups with benchmarking information. The
data housed in NACOR will be used as a “learning
laboratory”10 to uncover best practices in perioperative
care, which can then be disseminated by the AQI to the
anesthesia and surgical community.

THE WAY FORWARD
Performance measures are not perfect and cannot be made
perfect. The question is how good do they need to be before
we are willing to use them? Where do we set the bar?69

How high to set the bar depends on how the report cards
are to be used. If performance measures are to be publicly
reported, or involve financial penalties to hospitals and
physicians, then the bar needs to be much higher than if the
performance measures are nonpublic and nonpunitive.
Publicly reported measures have much greater potential to
do harm than nonpublic reports.

What is the potential downside of public reporting?
Public reporting may reduce access to care for the most
vulnerable patients: some physicians may avoid high-risk
patients to “protect” their outcome measures. In Pennsyl-
vania, which has published a CABG outcomes report card
since 1992, 59% of cardiologists found it more difficult to
find a surgeon willing to operate on severely ill patients
after the release of the report card, and 63% of the cardiac
surgeons reported that they were more reluctant to operate
on these patients.76 In NYS, early evidence that public
release of CABG outcomes led to increased out-of-state
referrals to the Cleveland Clinic77 was countered by a later
study showing that the overall percentage of NYS residents
undergoing CABG out of state actually declined.78 How-
ever, �80% of interventional cardiologists in NYS reported
that they were less likely to perform interventional proce-
dures on high-risk patients because of public disclosure of
physician performance data.79 Follow-up studies revealed
that high-risk patients in NYS were less likely to undergo
percutaneous coronary interventions compared with pa-
tients in areas without public reporting,80,81 despite the fact
that the NYS profiling system is among the oldest and most
highly respected profiling efforts in the US and is based on
high-quality audited clinical data. In these examples, phy-
sicians are “voting with their feet” and indicating that they
do not trust risk adjustment to compensate them for caring
for high-risk patients who are more likely to have poor
outcomes.

Increasing barriers to care are not the only unintended
consequence of public reporting. If public outcome reports
are inaccurate, patients may actually be directed to lower-
quality hospitals. Physicians and hospitals may engage in
defensive behaviors that divert resources away from actual
quality improvement (i.e., opportunity cost). In these cases,
the net result of public reporting may be worse than no
reporting at all. Nonpublic reporting (e.g., Northern New
England, VA NSQIP, and ACS NSQIP), however, is asso-
ciated with improved outcomes, and does not seem to have
a significant downside.

“How good is good enough”69 comes down to the
question of data quality and whether the reports are
publicly released. In the case of nonpublic reports, even
biased reports based on low-quality data may still motivate
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hospitals to examine their outcomes and energize quality
improvement efforts (the Hawthorne effect). Biased public
reports based on low-quality data, however, may distort
market forces (patients referred to low-quality physicians
and hospitals) with false information, resulting in lower
quality care and damage to physicians’ reputations.8 Al-
though clinical data do not eliminate all the potential
limitations of performance measurement, they do reduce
bias attributable to data quality. Unfortunately, clinical
data are expensive, the cost of participation in ACS NSQIP
is $100,000 per year per hospital,69 and the resources for
data collection must compete with other needs. However,
public reporting responds to the public’s demand for
transparency and accountability in health care, and is
consistent with the move away from a paternalistic care
model toward one of shared responsibility.82

This raises the question of whether there is a middle
ground that could combine the accuracy and completeness
of clinical data with the low expense and widespread
availability of administrative data. Electronic health re-
cords have the potential to provide the data infrastructure
for performance measurement, eliminate the need for ex-
pensive chart review–based measures,83 and overcome the
data quality limitations of administrative data. Health
information technology is the foundation for transforming
hospitals into learning laboratories to develop and test, and
then disseminate best practices.10 According to the IOM, a
national health information network (NHIN) is critical to
accelerating the pace of quality improvement, and will
require a national commitment by the federal government,
as well as public and private purchasers, to developing an
information infrastructure.14 There are 2 key requirements
for an NHIN to serve as the backbone for quality measure-
ment and quality improvement. First is the need for stan-
dardized definitions across all vendors so that risk factors
and outcomes will be coded identically across all hospitals.
Lack of data standardization will severely compromise
efforts to use electronic data for quality measurement and
benchmarking. Second, the information infrastructure must
allow for data exchange within regional networks (interop-
erability).84 Central data management is critical to the
production of regional and national benchmarks. Creating
an NHIN has been estimated to require an investment
equivalent to 2% of annual health care spending over 5
years.84 This initial expenditure may be offset by the
financial benefit of health information technology, which
has been estimated to yield a net value of nearly $80 billion
annually.85 To date, fewer than 2% of US hospitals have a
comprehensive electronic record.86

CONCLUSION
Performance measurement is at a “tipping point.” Ten
years ago, our beliefs were shaken by evidence that health
care in the US was not uniformly safe. With the adoption of
a patient safety agenda came the recognition that safety is
a quality problem, and that quality problems are best
approached using performance measurements to promote
and incentivize improvement in the quality of health care.
There is now widespread support (federal, state, business
groups, physicians, and hospitals) for performance mea-
surement. The ASA and the ACS have created outcome

registries to measure and improve the quality of perioper-
ative care. The STS is partnering with consumer groups to
publicly release outcomes data, something that would have
been unimaginable even 10 years ago. There are now �600
quality measures endorsed by the National Quality Fo-
rum.54 According to the Joint Commission, “the proof of
concept phase of national quality measurement and public
reporting has now been completed.”54 However, support
for performance measurement by major stakeholders has
not yet translated into broad-based improvement in the
safety and quality of health care.87 We still have a long way
to go to close the “quality chasm” identified by the IOM.14

To accelerate the pace of improvement in health care
quality, we need comprehensive quality measurement
based on an NHIN. We have now reached a critical
threshold whereby we must decide if we are willing to
make the next leap: investing the necessary resources to
create the NHIN envisioned a decade ago by the IOM
to serve as the foundation for transforming hospitals,
ambulatory centers, and physicians’ offices into learning
networks capable of delivering the same high quality of
care to all patients that we would want for ourselves and
our families.
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