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“Knowing is not enough; we must apply.
Willing is not enough; we must do.”

—Goethe
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The National Academy of Sciences is a private, nonprofit, self-perpetuating society of
distinguished scholars engaged in scientific and engineering research, dedicated to the
furtherance of science and technology and to their use for the general welfare. Upon the
authority of the charter granted to it by the Congress in 1863, the Academy has a mandate
that requires it to advise the federal government on scientific and technical matters. Dr.
Bruce M. Alberts is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is
autonomous in its administration and in the selection of its members, sharing with the
National Academy of Sciences the responsibility for advising the federal government.
The National Academy of Engineering also sponsors engineering programs aimed at
meeting national needs, encourages education and research, and recognizes the superior
achievements of engineers. Dr. William A. Wulf is president of the National Academy of
Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences
to secure the services of eminent members of appropriate professions in the examination
of policy matters pertaining to the health of the public. The Institute acts under the re-
sponsibility given to the National Academy of Sciences by its congressional charter to be
an adviser to the federal government and, upon its own initiative, to identify issues of
medical care, research, and education. Dr. Kenneth I. Shine is president of the Institute of
Medicine.

The National Research Council was organized by the National Academy of Sciences in
1916 to associate the broad community of science and technology with the Academy’s
purposes of furthering knowledge and advising the federal government. Functioning in
accordance with general policies determined by the Academy, the Council has become
the principal operating agency of both the National Academy of Sciences and the Na-
tional Academy of Engineering in providing services to the government, the public, and
the scientific and engineering communities. The Council is administered jointly by both
Academies and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. William A. Wulf
are chairman and vice chairman, respectively, of the National Research Council.
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1

Interpreting the Volume–Outcome
Relationship in the Context of

Health Care Quality:
Workshop Summary

ABSTRACT

The Institute of Medicine (IOM) held a workshop on May 11, 2000, to review the current un-
derstanding of the relationship between volume of health services and health-related outcomes;
assess the potential health policy implications of the use of volume as an indicator of quality of
care; and identify needed areas for future research relative to volume and quality of care. The
workshop was jointly sponsored by IOM’s Committee on Quality of Health Care in America and
the National Cancer Policy Board, with financial support from the Agency for Healthcare Re-
search and Quality. The workshop was structured around presentations of two background pa-
pers: a cross-disciplinary, systematic review of the published research literature conducted by
Drs. Ethan Halm, Clara Lee, and Mark Chassin of the Mount Sinai School of Medicine and a
synthesis of the literature relevant to policy issues by Dr. Adams Dudley and colleagues from the
University of California, San Francisco.

A higher-volume, better-outcome association was observed in three-quarters of the studies
reviewed. Volume is, however, an imprecise indicator of quality. Some low-volume providers
have excellent outcomes, and conversely, some high-volume providers have poor outcomes. Vol-
ume per se does not lead to good outcomes in health care; it is instead a proxy measure for other
factors that affect care. With few exceptions, however, the literature does not shed light on the
structures or processes of care that underlie the apparent relationship.

Many workshop participants noted that volume may be the best available proxy indicator of
quality for certain conditions, but efforts should be made to accompany volume information with
other quality indicators and with explanatory information. Furthermore, several participants sug-
gested that when research confirms a volume–outcome link, this information should be disclosed
to the public to support health care decision-making. In making such disclosure, however, the
limitations of the data and how to interpret the information must be made clear to the intended
audience. Public release of data on volume may motivate providers to report process and outcome
data, thereby laying the ground for the next generation of health care quality measures. When
better measures of quality of care than volume are developed, they should replace the volume
measures.

A wide-ranging set of research topics—from policy research and demonstration programs, to
basic methodological research—was outlined by workshop participants to elucidate why the rela-
tionship between volume and outcome exists, and how best to implement policies to improve
health care.

INTRODUCTION

An association between higher volumes and better outcomes has been well documented for
certain types of health care. Some health care purchasers are using these research findings to re-
fer patients to higher-volume settings for selected procedures. The evidence prompted the Na-
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2 INTERPRETING THE VOLUME–OUTCOME RELATIONSHIP

tional Cancer Policy Board to recommend that cancer patients in need of highly complex surgical
procedures go to higher-volume facilities for care (IOM, 1999). Despite considerable evidence of
a volume–outcome relationship, many questions remain about the nature of the relationship, the
processes of care that might explain it, and its implications for health care policies.

On May 11, 2000, the Institute of Medicine (IOM) held a workshop1 to bring together ex-
perts to:

1. review evidence of the relationship between volume of services and health-related out-
comes;

2. discuss methodological issues related to the interpretation of the association between
volume and outcome;

3. assess the applicability of volume as an indicator of quality of care; and
4. identify research needed to better understand the volume–outcome relationship and its

application to quality improvement.

The workshop was jointly sponsored by IOM’s Committee on Quality of Health Care in
America and the National Cancer Policy Board (membership listings can be found in Appendix
B). The IOM received financial support for the workshop from the Agency for Healthcare Re-
search and Quality (AHRQ). The workshop summary will inform the deliberations of its spon-
soring groups. The National Cancer Policy Board will, for example, issue a White Paper includ-
ing recommendations regarding volume-based quality indicators relevant to cancer care. The
committee charged to develop a national quality report on health care delivery will review the
summary as it assesses quality measurement systems.

The workshop was organized around presentations of two background papers commis-
sioned for the workshop (Appendixes C and D):2

•  “How Is Volume Related to Quality in Health Care? A Systematic Review of the Re-
search Literature?” by Ethan A. Halm, Clara Lee, and Mark R. Chassin

• “When and How Should Purchasers Seek to Selectively Refer Patients to High-Quality
Hospitals?” by R. Adams Dudley, Richard Y. Bae, Kirsten L. Johansen, and Arnold Milstein

This report summarizes the workshop presentations, discussions during the workshop, and
also the main points made in the two background papers.

                                               
1The workshop agenda and participant list are reproduced in Appendix A.
2A planing group made up of members of the Committee on Quality of Health Care in America and

the National Cancer Policy Board oversaw the development of the agenda and outlines for the two com-
missioned background papers. Members included Don Berwick, Molly Joel Coye, Mark Chassin, Diana
Petitti, and Jane Sisk. The planning group’s role was limited to planning the workshop. IOM staff pre-
pared this factual summary of what occurred at the workshop.
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WORKSHOP SUMMARY 3

WHY DOES THE VOLUME–OUTCOME RELATIONSHIP MATTER?
WHO CARES AND HOW COULD IT BE USED?

To set the context for the discussion, Dr. John Eisenberg, in opening remarks to workshop
participants, identified a diverse set of potential users of information on the volume–outcome
relationship.

Health Insurance Purchasers and Health Plans

Health insurance purchasers could use findings from research on the volume–outcome rela-
tionship to stipulate “evidence-based referrals” in contracts with health plans. Such a program is
being explored by the Leapfrog Group, a coalition of employers interested in improving the qual-
ity of care for employees. In addition, employers could make information about the relationship
between volume and outcome directly available to employees (e.g., on a company intranet site)
and encourage employees to choose hospitals and providers based on available evidence. Simi-
larly, health plans could direct members to high-volume providers.

Consumers

Information about the relationship between volume and outcome could be provided more
broadly through public websites, via advocacy groups, or as part of widely distributed quality re-
port cards. In New York State, for example, information on the volume of cardiovascular and
other procedures performed by individual surgeons and by hospitals is available through the
Center for Medical Consumers, a nonprofit advocacy organization (www.medicalconsumers.org).

Insurers

Insurers must decide which new technologies or services to include in their benefit pack-
ages and, sometimes, the conditions under which these new service will be provided. For a new
technology, insurers could offer interim service coverage until any volume–outcome relationship
can be established. Once a relationship became apparent, coverage could be conditional on its
provision in high-volume settings.

Hospital Administrators

Hospital administrators could, based on a positive volume–outcome relationship, decide to
credential providers according to their volume of procedures or number of hospital admissions.
Staffing decisions could also be affected. For some services, patients might be triaged to spe-
cialty units within hospitals, in part to ensure that providers have a sufficient volume to maintain
their skills. One of the tenets of disease management is that assigning patients to certain disease-
specific programs or institutions will improve care. This is not entirely related to volume, but
evidence of a volume–outcome relationship for certain services could foster the development of
specialty services, concentrating patients into settings with high volume.

Regulators

A few states have certificate of need (CON) legislation, a regulatory mechanism for review
and approval of capital expenditures and service capacity expansions by health care facilities. In
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4 INTERPRETING THE VOLUME–OUTCOME RELATIONSHIP

New York, for example, facilities must be granted certificates of need before they can offer cer-
tain cardiovascular procedures. In part, certificates are granted on the basis of volume. States re-
gionalize some types of care, when evidence shows that such organization improves outcomes.
Trauma and neonatal intensive care are, for example, regionalized to ensure that complex cases
are cared for in institutions with the facilities and personnel to manage them. Regulators could
also require that volume data be reported and, in turn, made available to consumers.

Accrediting Organizations

Organizations such as the Joint Commission on Accreditation of Healthcare Organizations
could consider volume in accrediting hospitals and other health care institutions. The National
Committee for Quality Assurance could evaluate health plans based on their application of vol-
ume information (e.g., to inform enrollees, move care to higher-volume providers).

Professional Organizations

Physician specialty boards could certify providers, taking into consideration their experi-
ence with a certain procedure. The American Board of Internal Medicine, for example, considers
experience and volume when certifying internists to provide electrophysiology services.

Medical Educators

Knowing how much experience (or volume) is needed to develop expertise could guide
curriculum development and the appropriate allocation of training time for certain procedures. In
the context of continuing education, research on the volume–outcome relationship could provide
information on how to sustain skills or acquire new ones. Methods to train providers without
putting patients at risk are needed. In surgery, animals have often been used to help providers
acquire new skills, but it is likely that computer-based simulation models commonly used in the
airline industry to train pilots will be forthcoming in medicine. Dr. Eisenberg noted that research
will be needed to ensure that simulated volume is related to favorable outcomes.

HOW IS VOLUME RELATED TO QUALITY IN HEALTH CARE?

To assess how volume is related to quality in health care, Drs. Ethan Halm, Clara Lee, and
Mark Chassin, of the Mount Sinai School of Medicine, conducted a systematic review of the
published research literature (Appendix C). As part of their cross-disciplinary review, they ex-
amined evidence from 88 studies concerning eight conditions and procedures:3

• coronary artery bypass graft (CABG) surgery,
• pediatric cardiac surgery,
• carotid endarterectomy,
• abdominal aortic aneurysm repair,

                                               
3Inclusion criteria for the review included publication since 1980, analysis of a population-based

sample, volume as an independent variable, and inclusion of a health outcome as the dependent variable.
Excluded were studies of care that has been regionalized or is highly regulated (i.e., trauma care, newborn
intensive care, organ transplantation) and conditions or procedures for which there were very few articles
(e.g., knee replacement surgery).
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WORKSHOP SUMMARY 5

• cancer surgery,
• percutaneous transluminal coronary angioplasty (PTCA),
• acute myocardial infarction, and
• acquired immunodeficiency syndrome (AIDS).

Their review focused on the nature of the relationship between volume and outcome, the
causal pathways that might explain the relationship, and whether the research findings might ap-
ply to other clinical areas. Historically, the volume–outcome relationship has been explained by
“practice makes perfect” or patient selection (i.e., “busy doctors see healthier patients”). The
authors propose a conceptual model that identifies a series of factors that might underlie the re-
lationship between volume and quality of care (Figure 1).

The authors conclude that for a wide variety of surgical procedures and medical conditions,
higher volume (whether assessed by hospital or by physician) is associated with better health
outcomes. The uniformity with which the published research documents or confirms the exis-
tence of this association is compelling (although the review authors caution that a publication
bias against negative findings cannot be ruled out):

• Statistically significant associations between higher volume and better outcomes were
found in 79 percent of the studies of hospital volume and 77 percent of the studies of physician
volume.

• None of the studies reviewed showed a negative effect of volume.
• A significant volume effect was observed in all 16 of the studies judged to have the

soundest research methods.

A higher-volume, better-outcome association was observed in three-quarters of the studies

reviewed. There is, however, great variation in outcomes, especially for low-volume providers.
Some low-volume providers have excellent outcomes, and conversely, some high-volume pro-
viders have very poor outcomes. Furthermore, the performance gap between low- and high-
volume hospitals appears to narrow with time as procedures become well established (e.g., the

                                                            Physician

                                                                skill

Patient         Severity/        Specific       Skills of

selection    comorbidity    processes     other             Outcomes

                                            of care      clinicians

                                                            Hospital or

                                                          organizational

                                                             “skill”

Figure 1:  Conceptual Framework: How Could Volume Affect Quality?FIGURE 1 Conceptual Framework: How Could Volume
Affect Quality?

Copyright © National Academy of Sciences. All rights reserved.

Interpreting the Volume-Outcome Relationship in the Context of Health Care Quality: Workshop Summary
http://www.nap.edu/catalog/10005.html

http://www.nap.edu/catalog/10005.html


6 INTERPRETING THE VOLUME–OUTCOME RELATIONSHIP

volume of some cardiovascular procedures has tripled in less than a decade). Consequently, vol-
ume may be most pertinent when a new technology is beginning to diffuse into general practice.

Volume per se does not lead to good outcomes in health care. It is a proxy measure for
other factors that affect care. In one of the studies, about one-third of the survival benefit among
patients with acute myocardial infarction that was attributed to high-volume hospitals could be
explained by the use of appropriate processes of care, for example, use of beta-blockers, aspirin,
thrombolytics, and revascularization procedures. Unfortunately, most of the studies reviewed did
not include information on processes or systems of care that might explain the underlying rea-
sons for the volume–outcome relationship.

It is difficult to summarize the findings by procedure or condition because of study differ-
ences in the definition of low- and high-volume, in analytic techniques, and in adjustment meth-
odologies. Even so, the volume–outcome relationship appears to be particularly dramatic for
certain low-frequency, high-risk, surgical procedures such as surgery for cancer of the pancreas
and esophagus. For these procedures, rates of short-term mortality are 2 to 3 times greater in
low- versus high-volume hospitals. For other procedures or conditions under review, the volume
effect was not as great or as consistent (see Appendix C for procedure- and condition-specific
findings). Statistically significant differences in outcomes by volume may not always be of suffi-
cient magnitude to be clinically significant; furthermore, other considerations can mitigate the
importance of such differences. For example, if the difference between high- and low-volume
hospitals’ surgical mortality rates was only 1 or 2 percentage points, and the underlying condi-
tion for which the surgery was performed had a poor long-term prognosis, it may not be prudent
to implement policy based only on a statistically significant difference in short-term mortality.

The authors caution that they may not have identified all relevant studies of the relationship
between volume and outcome and that many studies, particularly those involving cardiovascular
procedures, were conducted in New York and thus may not generalize to states with less regula-
tion of such procedures. Negative publication bias (researchers’ failing to report the absence of a
relationship between volume and outcome or journals’ failing to publish negative results) could
also overestimate the positive nature of the volume–outcome relationship.

Drs. Halm and colleagues judged the methodological strength of the research using an ex-
plicit quality scoring method4 and concluded that the methodological rigor of the studies was
modest, limiting generalizability and leaving many unanswered questions about the nature and
causes of the observed association:

• It is unclear whether volume thresholds exist above which outcomes are better. For ex-
ample, is it only the busiest providers that have the best outcomes, or do all but the lowest-vol-
ume providers have better outcomes?

• It is likely that the effects of physician and hospital volume combine or interact. One
study suggests a multiplicative effect leading to much better outcomes among high-volume phy-
sicians practicing in high-volume hospitals. The relative contributions of physician and hospital
volume to outcomes, however, have been examined in only a few studies.

• Studies generally do not illuminate how experience with procedures (or conditions) that
are closely related to the procedure under study affects outcomes. Are cognitive and technical
                                               

4The scoring method considered the representativeness of the study sample, sample size, number of
adverse events, unit of analysis (e.g., joint effects of physician and hospital volume), inclusion of clinical
processes of care, appropriateness of patient selection, categorization of volume, quality of risk adjust-
ment, and outcomes measurement.
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WORKSHOP SUMMARY 7

skills, for example, transferable from one cardiovascular procedure to another (i.e., what should
“count” toward volume?)?

• Longitudinal studies are needed to answer some questions. Once high volume is attained,
for example, does it have to be sustained, or can lower volumes be adequate to maintain skills?

• The literature focuses on the effects of the attending physician’s care. The experience of
collaborating physicians and other clinical personnel has been far less thoroughly examined (e.g.,
do members of a surgical team need to achieve a team volume?).

• With few exceptions, the available literature does not identify clinical processes of care
that contribute to observed differences in outcomes.

• Most studies focus on short-term outcomes such as in-hospital mortality. No studies ex-
amine longer-term outcomes such as quality of life or functional status.

Five workshop participants were invited to provide reactions to the background paper:

1. Norman Hertzer, a vascular surgeon from the Cleveland Clinic;
2. Edward Hannan, a health services researcher at the State University of New York at Al-

bany;
3. Colin Begg, an epidemiologist from the Memorial Sloan-Kettering Cancer Center;
4. Bruce Hillner, an internist and health services researcher at Virginia Commonwealth

University; and
5. Arnold Milstein, medical director at the Pacific Business Group on Health and chief

physician at William M. Mercer, Inc.

Dr. Hertzer pointed out that the difference between low and high volumes for vascular sur-
gery is sometimes small (e.g., fewer than 3 versus more than 12 procedures for carotid endarter-
ectomy; fewer than 4 versus more than 10 procedures for aortic aneurysm repair). While recog-
nizing that the outcomes of low-volume providers are significantly worse than those of high-
volume providers, he noted that providers in the intermediate-volume group often are indistin-
guishable from either low- or high-volume providers. It is often difficult to isolate the factors re-
sponsible for the volume–outcome relationship because, in the case of vascular surgery, different
types of surgeons may be involved (e.g., general surgeons, neurosurgeons). Furthermore, the
same surgeon may be responsible for a high volume of cases in a large, high-volume hospital and
for the cases performed in a small, low-volume hospital. These observations underscore the im-
portance of simultaneously tracking both physician and hospital volume and controlling for type
of surgeon. The difficulty of defining surgical experience with volume further complicates these
analyses. Surgeons with low volume can include those who are newly trained, but may have
state-of-the-art skills, as well as surgeons with years of experience and good outcomes who are
reducing their work load before retirement.

The quality of available data systems is central to monitoring the quality of health care, and
Dr. Hannan described a hierarchy of data for quality research. Optimally, one would be able to
track the use of processes of care known through well-designed studies (e.g., clinical trials) to
affect care. When accurate data are available to show that a certain procedure is, for example,
being under- or overused, it is relatively easy for quality improvement programs to inform pro-
viders and hold them accountable. For most clinical care, however, strong links between proc-
esses and outcomes are not well established, and even when they are, there are relatively few
data systems in place to track adherence to evidence-based practices.
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8 INTERPRETING THE VOLUME–OUTCOME RELATIONSHIP

In the absence of good data on processes of care, data about outcomes that include risk ad-
justment using detailed clinical data (usually available only in the medical chart or specialized
databases) provide the best measurement of quality of care. In New York and New Jersey (and
soon in California), statewide clinical databases are available for cardiac surgery, allowing
analyses of outcomes by both individual surgeons and hospitals. Risk-adjustment methodologies,
however, have not yet been perfected, so the interpretation of findings can be difficult, especially
when applied to individual providers.

Next in the hierarchy of quality-of-care measures are outcomes for which only administra-
tive data (e.g., hospital discharge databases) are available to perform the risk adjustment. Such
measures may suffer from both the specificity of the assessment of severity of illness (in general,
risk-adjustment models using administrative data will have less predictive power than models
based on detailed clinical data) and from reporting problems that plague administrative data-
bases. While outcomes data can be informative, they are often limited to short-term measures
such as death or complications, and other, longer-term outcomes of interest to patients are usu-
ally not available (e.g., functional status, quality of life).

Dr. Hannan suggested that data on volume can serve as a proxy for quality but that its value
as a quality indicator can be enhanced by using it with other imperfect indicators, such as ad-
justed or unadjusted mortality data from administrative databases.

It is often difficult to judge when to implement policies based on research findings. Dr.
Begg identified four criteria to consider in assessing the strength of the evidence on the volume–
outcome relationship and adopting it as a standard of quality of care:

1. The relationship must be plausible and logical.
2. The observed trend must be consistent.
3. The size of the outcome difference must be substantial and meet stringent statistical

criteria.
4. The effect must be confirmed in multiple studies.

In his view, these criteria are met for certain procedures included in the literature review
(i.e., surgery for cancer of the pancreas and esophagus).

Dr. Begg agreed with other workshop participants when they encouraged the examination
of processes of care that might explain the volume–outcome relationship, but cautioned that it
may not always be possible with available data to identify the relevant processes, especially for
procedures that exhibit small volume–outcome trends. In the case of cancer, the administration
of adjuvant therapy may be documented in administrative databases, but not the dosage and
whether the course of therapy was completed. Dr. Begg conducted a study of the relationship
between the volume of surgery for colon cancer and outcomes, showing an outcome difference
for stage III colon cancer. Investigators hypothesized that the trend would be explained by better
adherence to recommendations on adjuvant chemotherapy use by higher-volume hospitals. When
data on adjuvant therapy were retrieved and analyzed, however, appropriate use of adjuvant ther-
apy did not explain the association. Any number of unmeasured or unrecorded processes of care
could account for these findings. Surgical judgement, skill, improvisation in the face of unpre-
dictable events, and the duration of surgery may, for example, all contribute to the finding, but
they are difficult to study. Dr. Begg also described the difficulties of accurately assessing patient
selection factors with available data (e.g., frailty is not necessarily captured in administrative
data beyond lists of comorbid conditions).
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Dr. Hillner presented data to show that any policies directing patients to high-volume cen-
ters would affect many people, because lower-volume facilities account for a significant fraction
of patient care. In Maryland from 1992 to 1996, for example, 36 percent of surgeries for colon
cancer were performed by surgeons treating fewer than 5 cases per year (average, 2 per year).
Three-quarters of the surgeons performed 10 or fewer surgeries per year. By contrast, in Ireland
where care is concentrated in high-volume settings, 80 percent of surgeons who do colectomies
perform 10 or more surgeries for colon cancer per year. Dr. Hillner suggested that most individu-
als, when informed of the relationship between volume and outcome, would not find current
practices in the United States acceptable.

Dr. Hillner suggested some parallels between programs to promote selective referral for sur-
gical procedures and disease management programs for patients with chronic conditions. For
both, patient care resources are concentrated. Establishing the relationship between volume and
outcomes for hospital-based procedures has been somewhat easier because of the availability of
large databases containing information on hospital outcomes. There is somewhat less evidence of
the success of disease management because of the limitations of available data and the need to
examine longer-term outcomes of chronic diseases such as diabetes.

Dr. Milstein observed that causal models to explain favorable hospital outcomes are in a
primitive state. He supported the notion that process measures of quality would be preferable to
volume and the consequent need for a significant expansion of routinely collected data elements.
Dr. Milstein noted, however, major resistance to such expansion on both national and state levels
(especially data to assess the performance of individual physicians). Dr. Milstein questioned the
assumption that the most valuable use of volume–outcome research will be for quality improve-
ment. This assumption reflects a faith that the health industry’s weak quality improvement capa-
bilities will improve and that little of the association of volume with outcome will ultimately be
rooted in volume-influenced proficiency. It may be the case that the frequency of real-world ex-
ercise of physical and mental skills will remain important, even after low-volume hospitals are
made aware of the “tricks” of the high-volume trade. Since hospital performance differences are
likely to persist after provider-to-provider knowledge transfer, Dr. Milstein recommended that
social science research be expanded to improve understanding of consumers’ use of quality indi-
ces in choosing hospitals and physicians. He noted that the existing literature suggests that the
use of provider quality comparisons by consumers is not likely to result from today’s “informa-
tion dump of statistical tables.” This will require simplification of information, putting it into
multiple formats, and having it conveyed by trusted sources. Lastly, although Dr. Milstein agreed
with the need for caution in using volume-based indicators, he questioned whether any workshop
participants would commit to personally receiving complex treatments at the nearest low-volume
hospital in their health plan’s network. He suggested that this is what we currently tolerate for
less well educated Americans who live near low-volume hospitals.

Discussion moderator Dr. Sisk asked workshop participants to consider the types of meas-
ures needed to implement policy and to assess the adequacy of risk-adjustment methodologies.
Two main applications of studies of the volume outcome relationship were identified in the dis-
cussion. The first is research, identifying whether a relationship exists and the factors that affect
the relationship. For these purposes, available risk-adjustment methods are adequate, even when
applied to administrative data. According to Dr. Halm, the literature review suggested that risk
adjustment, although important, did not greatly affect the magnitude of the association between
volume and outcome. The second application is to provide information to individual providers of
care as part of a quality improvement program or to inform consumers of the volume or out-
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comes of providers in their community. Here, Dr. Hannan noted that the critical issue is the
source of data, not the method of risk adjustment. Audited clinical data are needed, and adminis-
trative data are inadequate. Dr. Chassin suggested that an important consideration for providers
is inclusion in the clinical database of risk factors that they view as important to outcomes.
Without these components, providers will not have confidence in the performance reports.

Optimally, an information system used as part of a quality improvement program would in-
clude data on both processes of care and outcomes so that providers would know what sort of cor-
rective actions were needed to improve outcomes. Process measures are usually lacking, however,
and providers receive performance data in the form of risk-adjusted outcomes. Providers thus lack
a roadmap for what to do. Dr. Chassin reported that experience in New York suggests that low-
ranking hospitals have used very different strategies to improve performance (e.g., changes in
personnel, processes, organization). In some regions, specialty providers have conferred with one
another using a “reverse-engineering” approach to help identify differences in performance that
account for outcome differences (e.g., the New England cardiovascular project).

Dr. Berwick pointed out that if quality problems stem from a process error, the steps neces-
sary to correct the problem are relatively straightforward. If, however, poor quality stems from
poor underlying skills, it may be difficult to enhance a provider’s skills, although professional
development training or a mentoring process could be used. Mentoring approaches have been
effective in the adoption of new technology, where providers mentored by experienced practitio-
ners helped novices move up the “learning curve.” Simulation models would also be helpful, al-
though relatively few examples of this approach are available.

In concluding the morning session, Dr. Chassin observed that evidence suggests that poor
performers could do much better, but it is unlikely that all providers will ever achieve the highest
level of performance.

WHAT ARE THE POLICY IMPLICATIONS OF A
VOLUME–OUTCOME RELATIONSHIP?

Dr. Dudley and colleagues from the University of California, San Francisco, in their syn-
thesis of the literature relevant to policy issues (Appendix D), put the volume–outcome relation-
ship and its implications into the broader context of quality improvement. Dr. Dudley outlined
the two general approaches to quality improvement:

1. Have providers improve their quality (including correcting overuse, underuse, and mis-
use).

2. Have patients switch to higher-quality providers.

The authors listed a number of specific strategies to improve quality of care that could in-
corporate considerations of volume:

• regulatory strategies (e.g., CON, regionalization);
• improving the skills of health professionals (e.g., physician education); and
• competition-based strategies: consumer-oriented approaches (e.g., report cards) and pur-

chaser initiatives (e.g., selective referral, quality bonuses).

The competition-based strategies depend upon public disclosure of data to consumers
and/or groups that purchase health insurance (e.g., employers). Given that the volume–outcome
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relationship holds on average, Dr. Dudley pointed out that most individuals could benefit from
this information. On a case-by-case basis, however, the information will not have its intended
consequences for a significant share of patients. Dr. Hannan provided two examples of the risk
of making referrals purely on the basis of volume. He noted that in New York, one-third of high-
volume surgeons (i.e., those performing at least 150 procedures per year, or 450 procedures over
3 years)5 had higher-than-average risk-adjusted mortality rates. Also among the 18 hospitals per-
forming very high volumes of angioplasty (i.e., at least 400 procedures per year),6 8 hospitals
had above average risk-adjusted mortality rates. As these examples illustrate, a relatively large
share of patients would be cared for by providers with inferior performance if referrals were
made solely on the basis of volume.

Dr. Dudley noted that providing consumers with information to support decision-making
has been somewhat disappointing. Report cards can be difficult for consumers to understand and,
where they have been published, appear to have been used by only a small percentage of con-
sumers. New formats and communication tools are needed to improve their use, and Dr. Dudley
suggested that a Consumer Reports model be tested for disseminating information. Consumer
Reports represents a trusted, unbiased source of information that provides a wealth of detailed
information, as well as easy-to-use summary measures with which to judge products. According
to Dr. Dudley, the inclusion of information on functional status, long-term outcomes, and com-
mon chronic conditions (e.g., those treated in outpatient settings) would likely increase the rele-
vance of such reports to consumers.

Large purchasers are beginning to hold systems of care accountable for quality improve-
ment. The Pacific Business Group on Health (PBGH), a large purchasing coalition, provides
condition-specific volume data for area hospitals on its website (www.healthscope.org) along
with guidance on how to interpret the data. PBGH also requires health plans to ensure that pa-
tients with selected conditions go to high-volume hospitals. This approach is also being taken by
the Leapfrog Group, a newly formed organization comprising many large employers and pur-
chasing coalitions (including PBGH). The Leapfrog Group has developed a set of health plan
performance standards that include volume standards for specific conditions, but it will recom-
mend better measures when they become available

Information about volume can be applied without public disclosure, for example, within
systems of care for quality improvement programs. Low-volume providers may withdraw vol-
untarily to avoid scrutiny or be motivated to examine and improve internal structures or proc-
esses of care.

Dr. Dudley and colleagues described several potential barriers to implementing a selective
referral program based on a volume standard:

1. a potential for decrements in quality at higher volumes;
2. patients’ preferences for care close to home;
3. patients’ lack of resources to travel to hospitals that are far away;
4. patients who need immediate treatment or are too unstable to transfer;
5. loss of access in areas where low-volume services have been closed (e.g., cardiac surgery);
6. resistance from physicians and hospitals to cooperate in quality monitoring efforts; and

                                               
5According to these criteria, 30 percent of cardiac surgeons in New York are high-volume providers.
6The American College of Cardiology recommends that hospitals perform at least 200 angioplasty

procedures per year.
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7. effects on marketplace structure and competition:

• increased market power of high-volume hospitals (e.g., prices could rise),
• barriers to entry of new competitors (e.g., it is difficult to start at high volume), and
• potential for medically inappropriate admissions to boost volumes to meet cutoffs.

The following discussants responded to Dr. Dudley’s remarks:

• Consumer perspectives—Ellen Stovall, National Coalition of Cancer Survivorship and
National Cancer Policy Board; and Art Levin, Center for Medical Consumers

• Purchaser perspectives—Bruce Bradley, General Motors; and Stephen Clauser, Health
Care Financing Administration

• Managed care perspective—George Isham, HealthPartners; and Sam Ho, Pacificare
Health Systems

• Provider perspectives—Don Nielsen, American Hospital Association
• Research perspectives—Irene Fraser, Agency for Healthcare Research and Quality

Consumer Perspectives

Ms. Stovall, as a cancer care consumer, raised concerns about institutions’ advertising on
the basis of volume without other quality data or explanations of the meaning of volume and
without descriptions of how the information should be interpreted.

Mr. Levin described how the New York State Department of Health has taken risk-adjusted
mortality data on cardiovascular procedures in New York to produce physician- and hospital-
specific reports for consumers. Mr. Levin questioned the relevance of these data to contemporary
practice given that as of May 2000, mortality data were limited to the years 1994 to 1997. Volume
data provided by the Center for Medical Consumers are more current—1998 hospital- and physi-
cian-specific volume data were posted on his organization’s website (www.medicalconsumers.
org). Mr. Levin noted that efforts to disseminate quality data to the public in New York have met
with fierce resistance from physicians (e.g., legal challenges).

Ms. Stovall emphasized the importance of full disclosure with annotation to allow inter-
pretation and informed decision-making. Her organization, the National Coalition of Cancer
Survivors, is working with providers in the spirit of offering “carrots” rather than “sticks.” They
also are working with large purchasers on patient-friendly displays of information. Ms. Stovall
discussed the implications for consumers of not having good evidence regarding medical care. In
the absence of evidence on the benefits of high-dose chemotherapy and bone marrow transplan-
tation, providers offered and consumers demanded access to the procedure. Subsequent clinical
trial data suggest that the procedure offers no substantial benefit over conventional therapies in
most situations. Consumers often make choices based on the trust they have in their doctor and,
increasingly, based on advice from consumer groups.

Purchasers’ Perspectives

Mr. Bradley described employers’ urgency to ensure that employees obtain optimal care
and the ethical, legal, and fiduciary responsibility that companies have to ensure that their bene-
ficiaries receive high-quality care. A group of employers has organized the Leapfrog Group to
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apply the best available measures in purchasing decisions. At present, volume measures are felt
to be ready and may serve to “stir the pot” to facilitate quality improvement. When provider spe-
cific volume data are publicly disclosed, some concerns have arisen regarding liability, espe-
cially if the inference is made that low volume reflects poorer outcomes.

Dr. Clauser suggested that his agency, the Health Care Financing Administration (HCFA),
could use volume data to target interventions of its peer review organizations (PROs), which op-
erate at the state level, to ensure the quality of care for Medicare beneficiaries. More useful,
however, would be information on processes of care that underlie the relationship to affect out-
comes. Also, establishing the relationship of volume of services to outcomes of particular rele-
vance to the Medicare population, such as functional status, would be valuable. In Dr. Clauser’s
view, research is also needed to establish whether the volume–outcome relationship extends to
nonsurgical interventions and to aspects of chronic care. HCFA is funding research to better un-
derstand the underpinnings of the volume–outcome relationship. A 13-state prospective outcome
assessment study examining carotid endarterectomy and a number of PRO quality improvement
initiatives in surgery safety and outcomes may guide Medicare decisions.

Dr. Clauser cautioned that volume–based selective referral may run counter to patient pref-
erences and could narrow the choice of providers, a quality highly valued by consumers. In a dy-
namic market, it may also be difficult to apply volume thresholds. As part of HCFA’s transplan-
tation certification program, volume is one criterion, but volume can change quickly when, for
example, a hospital’s transplant team moves to another facility. Dr. Clauser pointed out that a
monitoring program to keep track of changes in the marketplace requires an infrastructure that is
expensive to maintain.

Dr. Clauser suggested that data about volume alone may be insufficient to shift care to
higher-volume providers. The HCFA experience with centers of excellence for coronary artery
bypass surgery suggests that it is very difficult to change physician referral patterns. When cen-
ters were able to advertise on the basis of their designation as a center of excellence, there was
very little impact on referrals. Dr. Clauser concluded with a request that the research community
provide answers to what volume means so that consumers can interpret the information that is
increasingly being made available to them.

Managed Care Perspective

Dr. Isham pointed out the potential value of examining the relationship between volume,
outcome, and price of procedures performed outside the usual reimbursement system, using a
case study approach. There could, for example, be lessons relevant to cataract surgery in the re-
cent surge in outpatient elective laser eye surgery. This procedure has expanded rapidly through
high-volume centers’ offering the procedure at relatively low cost. Dr. Isham suggested that phy-
sicians and hospitals could be required to maintain a logbook of their experience, similar to the
logs that pilots are required to keep. Such a log could be made publicly available and could also
serve as a tool for self-evaluation or as the basis of certification or accreditation. Dr. Isham raised
concerns regarding the emergence of provider cartels in some geographic areas and also about
practical applications at the market level (e.g., implications for rural areas).

Dr. Ho recounted experience at Pacificare Health Systems suggesting that disclosure to
consumers of information on quality can affect consumer choice, improve performance, and re-
duce practice variation. Pacificare will consider integrating information about volume into its
members’ report card program. Twice a year, medical groups are ranked and findings are posted
on the Internet (www.pacificare.com) and in the provider directory sent to each member. The
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reports show the top-ranking groups (i.e., the top 10 percent) according to their performance in
32 categories related to clinical care, service, and administrative functions. The breadth of the
rankings responds to the observation that consumers use different information in choosing pro-
viders. Public reporting has been associated with significant net increases in membership within
the highly ranked groups and a reduction in variation in provider performance.

In considering the volume–outcome relationship as it applies to quality improvement, Dr.
Ho expressed some concerns about unintended consequences of its application:

• The focus on high-volume providers may prove a distracting priority. Improvements
might be more readily achieved through reducing fragmentation of services, better organization
of systems of care, focus on prevention, the institution of standardized performance metrics, and
an “upstream,” population-based focus on health and disease management.

• Hospitals with a high volume of a certain procedure may use that as “brand leverage” to
misrepresent their general experience.

• High-volume hospitals may achieve too much contractual leverage, giving rise to “car-
tels” and price inflation.

• More may not always be better: could there be a quality decrement with very high vol-
ume? Might inappropriate utilization be stimulated by volume-based rewards?

• Procedures counting toward high volume may not always be indicated or appropriate.
• More than a consensus on volume is needed. There could be a significant provider and/or

consumer backlash if selective referral is widely implemented, unless all industry stakeholders
demonstrate agreement.

Provider Group Perspective

Dr. Nielsen described the overarching goals of the health care system—improving health
status, access to care, and the coordination and continuity of care—and suggested that informa-
tion that furthers these goals needs to be disseminated to all stakeholders in a form that is accu-
rate, reliable, and easily understood. In his view, volume as a measure of quality is a “blunt-
edged tool.” Given the limited state of research in this area, he pointed out that mortality may be
improved with volume, but this is not necessarily true for other important outcomes of care (e.g.,
functional status, quality of life). In addition, higher volumes do not necessarily mean that there
are decreases in associated morbidities such as infections or that certain critical steps in the proc-
ess of care are utilized. There is the potential for misuse of such information, for example, mis-
representation in advertising. Furthermore, perverse incentives to do more procedures may well
be created with the establishment of volume thresholds that could contribute to inappropriate
care being rendered. There is also a potential for consumers to misinterpret the information and
make decisions about care that are unwarranted (e.g., traveling great distances to tertiary care
centers for simple procedures). Dr. Nielsen concluded that volume should not be used alone but
should instead be supplemented with ancillary information and disclosed with all of its caveats.

Research Perspective

Dr. Fraser from the Agency for Healthcare Research and Quality noted that much of the re-
search conducted to date has examined the clinical processes of care that underlie the volume–
outcome relationship, but it has not yet addressed how systems of care might mediate this relation-
ship. A study of the relationship between volume and outcome in acute myocardial infarction, for
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example, showed that the underuse of beta-blockers in low-volume facilities helped explain the
significant volume–outcome finding. Knowing what systems of care are associated with the ap-
propriate use of beta-blockers in high-volume hospitals is critical to implementing this finding.
How the volume–outcome relationship varies by community or health care market, and how the
relationship might vary within hospital and by procedure, has pragmatic implications.

AHRQ’s Healthcare Cost and Utilization Project (HCUP) is a potential resource for con-
ducting studies of both hospital and physician volume. The HCUP State Inpatient Database in-
cludes more than half of all U.S. community hospital discharges (discharges from 22 states). A
set of risk-adjusted quality indicators has been developed that could be used as benchmarks for
health services researchers. Procedure-specific data sets could be produced for researchers with a
specialty interest. Market-specific data, even if qualitative, would be of interest to purchasers to
assist in their decision-making. Exceptions to the expected relationship—for example, high-
volume, low-quality hospitals, could be explained by a low pricing strategy adopted by a par-
ticular hospital. Dr. Fraser suggests that research is also needed on the process and outcome of
the purchasing strategy itself—its consequences on the quality of care and its market impact. For
implementation, we need to know what kinds of data are most useful to purchasers and how em-
ployees can best use this information.

Dr. Fraser also pointed out that consumer use of information about volume of services is
limited by the fact that it is usually employers, not employees, who choose a health plan. Most
employers offer only one or two plans to their employees, and a minority offers plans that pro-
vide a great deal of choice at the point of care.

Dr. Berwick led off the discussion by asking whether the potential for unintended conse-
quences of public disclosure of volume–outcome data was sufficient to delay or limit public dis-
closure.

Dr. Simone pointed out that consumers are bombarded with medical information, much of
it through advertising. He suggested that consumers need explanation but that it cannot be too
complicated.

Dr. Chassin suggested that there are different thresholds for different actions. In his view,
data on volume should be publicly available with appropriate explanation. All states have some
kind of hospital discharge database, and probably two-thirds of states have publicly available hos-
pital data. Purchasers could take this information and use it for decision-making and/or could make
the information public. New York, through its CON process, has utilized evidence on volume to
achieve regionalized cardiac surgery. New York has 32 hospitals offering cardiac surgery, while
California has 125 such programs. The net effect is that close to 80 percent of patients having by-
pass surgery in New York obtain it in hospitals doing more than 500 procedures a year. In contrast,
less than one-half of patients in California undergo surgery in such high-volume settings. The New
York regulatory process exists alongside a voluntary program, the cardiac surgery reporting sys-
tem. With the adoption of these programs, there has been a significant decline in the mortality as-
sociated with cardiac surgery in New York, one that exceeds the general decline across the coun-
try. There is no evidence that the procedures are overused. In fact, estimates of rates of overuse of
angioplasty, angiography, and bypass surgery are very low—4 percent for percutaneous cardiac
angioplasy and 2 percent for bypass surgery. Furthermore, estimates of rates of underuse are simi-
lar to those observed in California. Lastly, access to these procedures in New York and California
is similar—patients need not travel farther for high-volume care. The combined regulatory and
state-sponsored voluntary program works, but difficult political battles had to be won before it
could be implemented
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Ms. DelBanco, from the Leapfrog Group, felt optimistic that its evidence-based outcome
referral program would motivate change. Dr. Hillner added that data systems tend to get better
with use (e.g., Health Plan Employer Data and Information Set).

Dr. Hannan again stated the limitations of making inferences about the performance of indi-
vidual providers with administrative data (e.g., statewide hospital discharge data). Although these
data can be used to say that, in the aggregate, outcomes for certain procedures are worse in low-
volume hospitals, the performance of individual small-volume providers cannot be predicted with
confidence because of the instability of small numbers (e.g., a few deaths can greatly skew annual
rates). Similar problems arise when evaluating rare conditions or procedures (e.g., surgery for
pancreatic cancer). Dr. Hannan recommends against using volume data alone to judge the per-
formance of individual providers. Instead, volume data, if used, should be coupled with risk-
adjusted outcome data from administrative databases or used in concert with crude mortality rates.
The use of a combination of sources is preferable to using any nonclinical source alone. This will
minimize referrals to the numerous high-volume hospitals with poor outcomes. He also pointed
out that referrals are generally made to physicians practicing within hospitals, and ideally, one
would have quality data at both levels of care.

Dr. Hannan suggests that the most important use of volume data is to identify processes
and structures of care that distinguish high- and low-volume providers and that predict outcomes.
Findings can then be used to enhance the performance of providers. In an examination of the
surgeon volume–outcome relationship among patients undergoing carotid endarterectomy in
New York State, volume effects disappeared when type of surgeon was controlled for in the
analysis (i.e., vascular surgeons had lower risk-adjusted mortality rates than either general sur-
geons or neurosurgeons). Furthermore, the use of more appropriate medications and surgical
techniques by vascular surgeons explained their mortality advantage. This study illustrates that
volume, which may appear to be an important driver of quality, may not be significant once pro-
cesses and structures of care are taken into account. The ability to tease out the relative contribu-
tions of volume, process, and structure of care were possible in this study only because compre-
hensive data are systematically collected in New York as part of a carotid endarterectomy
registry.

For procedures performed infrequently, Dr. Dudley pointed out that it is very difficult to
measure quality, so proxies such as volume may have to do. For some conditions with low over-
all volume (e.g., esophageal cancer), he suggests that it may be impossible to refer selectively
based on direct measurement of quality (i.e., physician or hospital-specific outcome data). Here,
one could base selective referral on minimum volume standards. For conditions in which high
volume has been shown to improve outcome and for which case loads are large enough to sup-
port outcomes measurement (e.g., CABG), it is also feasible to base selective referral on out-
come, rather than volume.

Dr. Hertzer, a vascular surgeon at the Cleveland Clinic, suggested that prospective outcome
assessment appears to be successful in improving physician performance. In an HCFA-sponsored
demonstration of carotid endarterectomy, at least some participating areas found improvements
in processes of care and outcomes associated with such an assessment.

Dr. Simone discussed the pediatric oncology model as a potential way to reorganize care to
achieve optimal outcomes. Most children with cancer are enrolled in clinical trials, irrespective
of the site of care. They are cared for in community settings, but according to research protocols
that guarantee the use of best practices. All pediatric oncologists contribute outcome data for as-
sessment. Mentoring relationships exist between high- and low-volume hospitals.
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WHERE DO WE GO FROM HERE?

Dr. Simone concluded the workshop by asking each participant to consider the day’s pro-
ceedings and to assess what policy and research actions were warranted.

Many workshop participants noted that volume may be the best available proxy indicator of
quality for certain conditions, but efforts should be made to accompany volume information with
other quality indicators and with explanatory information. Furthermore, several participants sug-
gested that when research confirms a volume–outcome link, this information should be disclosed
to the public to support health care decision-making. In making such disclosures, however, the
limitations of the data and how the information should be interpreted must be clear for its in-
tended audience. Public release of data on volume may motivate providers to report process and
outcome data, thereby laying the ground for the next generation of health care quality measures.
When better measures of quality of care than volume are developed, they should replace the vol-
ume measures

Many people could eventually be affected by policies that concentrate care in higher-
volume settings (or that avoid low-volume settings) because many procedures for which a vol-
ume–outcome relationship has been established are conducted by low-volume providers. Many
barriers to implementing volume-based policies were recognized, and implementation was
viewed as especially challenging in rural areas. Residents of rural areas, for example, may not
want to travel great distances for care and may not be able to afford to do so. Consequently,
some workshop participants suggested that initial implementation efforts be focused in urban ar-
eas with dense concentrations of hospitals, where success is more likely.

Purchasers were recognized as having taken the lead in applying the evidence regarding
volume. The Leapfrog Group, for example, is exploring an evidence-based referral program
within the health plans with which it contracts. For conditions or procedures for which the re-
search evidence strongly points to a volume–outcome relationship, a next step for action might
be achieving consensus, perhaps with the help of representatives of specialty providers, on ac-
ceptable volume thresholds for selected procedures. To apply the volume–outcome findings
more broadly, further research is needed on many conditions and on many health care outcomes
for which data are now insufficient.

Workshop participants suggested a wide-ranging set of research topics —from policy re-
search and demonstration programs to basic methodological research—to better understand why
the relationship between volume and outcome exists and how best to implement policies to im-
prove care.

Policy Research and Demonstration Programs

• Make the “business case” for implementing a volume standard when assessing quality of
care, and examine the implications of policies that would effectively stop certain procedures
from being performed in low-volume hospitals.

• Evaluate current efforts to implement the volume–outcome finding (e.g., the Leapfrog
Group’s evidence-based referral program).

• Plan demonstrations with quasi-experimental designs to evaluate the impact of applying
different quality-of-care measures to quality improvement programs (e.g., volume versus risk-
adjusted administrative data plus mortality data).
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Consumer-Focused Research

• Examine consumer interest in, and interpretation of, volume as an indicator of health care
quality relative to other measures.

• Evaluate the relationship between exposure to volume quality indicators and consumer
health care decision-making.

• Examine dissemination strategies to maximize consumer access to and use of quality in-
formation (e.g., determine which sources of information are trusted).

Implementation Related Research

• Determine thresholds with which to define high volume for each condition or procedure
(e.g., using focus groups of members from specialty societies, syntheses of extant literature).

New Areas of Research

• Examine the volume–outcome relationship for chronic conditions and nonsurgical proce-
dures.

• Examine factors that mediate volume–outcome relationships when found.

Methodological Development

• Examine outcomes other than mortality (e.g., functional status, quality of life), including
longer-term outcomes.

• Include potential intervening variables (e.g., processes and systems of care) in volume–
outcome studies.

• Integrate social science methods (e.g., sociology, medical anthropology, systems analy-
sis) into volume–outcome research.

• In studies with mortality as an end point, examine the time of death to help explain the
cause of death.

• Develop procedure-condition-specific risk-adjustment tools.

Health Services Research Data Infrastructure

• Develop condition-procedure-specific, prospective, population-based clinical databases and
registries (e.g., New York’s cardiovascular surgery database).

• Develop chronic disease databases that cover both hospital and outpatient care.
• When clinical databases are available to serve as a “gold standard,” evaluate the sensitiv-

ity and specificity of volume as a quality indicator.
• Selectively add key clinical risk factors and process data into administrative databases.
• Include more reliable identifiers of physicians in federal and state administrative data-

bases.

Workshop participants cited several potential sources of research support including AHRQ,
health care purchasers, health plans, and provider groups, and suggested that public–private re-
search partnerships might greatly facilitate meaningful research efforts.
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APPENDIX A

Workshop Agenda

INSTITUTE OF MEDICINE

Division of Health Care Services,
Committee on Quality in Health Care in America

National Cancer Policy Board

May 11, 2000

OBJECTIVES

1. Review evidence of the relationship between volume of services and health-related out-
comes.

2. Discuss methodological issues related to the interpretation of the association between
volume and outcome.

3. Assess the applicability of volume as an indicator of quality of care.
4. Identify research needed to better understand the volume-outcome relationship and its

application to quality improvement.

AGENDA

9:00 a.m.–9:30 a.m. Welcome and introduction: Diana Petitti
Opening remarks: John Eisenberg

Session 1

9:30 a.m.–12:15 p.m. Overview of the Volume-Outcome Relationship
Opening remarks: Mark Chassin

9:30 a.m.–10:30 a.m. Presentation of background paper: “Synthesis of
Evidence from the Literature,” Ethan Halm

10:30 a.m.–10:45 a.m. Coffee break

10:45 a.m.–12:15 p.m. Roundtable discussion
Moderators: Mark Chassin and Jane Sisk

• Is the association consistent across conditions/procedures/services?
• What factors might explain the association?
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• What measurement issues need to be addressed (e.g., defining volume,
thresholds/cutpoints, units of analysis)?

• Does the evidence support applying volume as a quality-of-care
measure?

• What additional research is needed?

Reactors/discussants: Edward Hannan, Norman Hertzer, Colin Begg,
Bruce Hillner, Arnold Milstein

12:15 p.m.–1:15 p.m. Lunch

Session 2

1:15 p.m.–3:30 p.m. Policy implications
Opening remarks: Diana Pettiti

1:15 p.m.–1:45 p.m. Presentation of background paper—“When and How Could Volume Be
Used as an Indicator of Quality Care?” Adams Dudley

1:45 p.m.–3:30 p.m. Roundtable discussion
Moderators: Don Berwick and Robert Galvin

• What level of evidence is needed to support policies?
• What are the strengths and weaknesses of alternative implementation

strategies?
• What are the potential barriers to applying volume as an indicator of

quality (e.g., access in rural areas, patient preferences for care close to
home)

• What policy-relevant health services research is needed?

Reactors/discussants:

• Consumer perspectives: Art Levin and Ellen Stovall
• Purchaser perspectives: Bruce Bradley, Steven Clauser, and

Irene Fraser
• Managed care: George Isham and Sam Ho
• Provider groups: Don Nielsen

Session 3

3:30 p.m.–4:00 p.m. Where do we go from here?
Moderator: Joseph Simone

Wrap-up: Discussion of findings and research needs

4:00 p.m. Workshop Adjourns
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How Is Volume Related to Quality in Health Care?
A Systematic Review of the Research Literature

Ethan A. Halm, M.D., Ph.D.; Clara Lee, M.D., M.P.P.; and
Mark R. Chassin, M.D., M.P.P., M.P.H.

Department of Health Policy, Mount Sinai School of Medicine

EXECUTIVE SUMMARY

Measuring and understanding the relationship between volume and outcome in the delivery
of health services has engaged the attention of an increasing number of researchers since the
1980s. More recently, health care purchasers have begun to debate whether and how they should
make use of these research findings in their relationships with health plans and individuals.

We conducted a systematic review of the published research literature to assess the meth-
odological quality of the research and to understand what is known about how volume and out-
come are associated, by what causal pathways they might be linked, and how generalizable the
research findings are. We developed an 18-point scale to rate the methodological rigor of each
study. The scale was based on a conceptual model that identified a series of critical factors that
need to be addressed to fully delineate the relationship between volume and quality of care.
These factors include: adequacy of risk-adjustment for differences in severity and comorbidity,
sample size, unit of analysis, assessment of specific clinical processes of care, organizational
processes, skills and experience of the various relevant clinicians, appropriateness of patient se-
lection, and the spectrum of important clinical outcomes.

We identified published, English-language studies by electronic searches of MEDLINE, by
consulting with experts, and by hand searching the reference lists of identified studies. We ex-
cluded studies with patient cohorts treated prior to 1980, samples that were not community or
population-based, those in which a health outcome was not the dependent variable, and those in
which volume was not an independent variable. This monograph reports the results of our review
of 8 conditions and procedures: coronary artery bypass graft (CABG) surgery, pediatric cardiac
surgery, carotid endarterectomy, abdominal aortic aneurysm repair, cancer surgery, percutaneous
transluminal coronary angioplasty (PTCA), acute myocardial infarction, and acquired immuode-
ficiency syndrome (AIDS).

Overall, 88 studies were included in this review. The median quality score was 8, less than
50% of the maximum possible score of 18. The highest score assigned (to 1 study) was 13, 72%
of the maximum possible score. All of the remaining studies scored 11 or less. The principal
omissions in the published research, which led to lower quality scores, included:

1. Only 16 considered the independent effects of both physician and hospital volume;
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2. Some (n = 24) used clinical data to adjust for differences among patients in severity and
comorbidity, but only 4 reported statistically robust models;

3. Few (n = 4) adjusted for differences in specific processes of care; and
4. Few studies (n = 2) addressed appropriateness of patient selection.

Several conclusions emerged from this review. There can be little doubt that for a wide vari-
ety of surgical procedures and medical conditions higher volume (whether assessed by hospital
or by physician) is associated with better health outcomes. Although a publication bias against
negative findings appearing in print cannot be excluded, the uniformity with which the published
research documents or confirms the existence of the association is compelling. Fully 77% of the
studies we reviewed found statistically significant associations between higher volume and better
outcomes. The remaining 23% did not find statistically significant relationships. No study dem-
onstrated a statistically significant association in the opposite direction. Finally, all 16 of the
studies with the highest quality scores found statistically significant associations.

Overall, however, the methodological rigor of the studies was modest, limiting gener-
alizability and leaving many questions about the nature and causes of the association unan-
swered. Studies of the same procedure or condition typically employed widely varying defini-
tions of high and low volume, precluding definitive conclusions about the nature of its
relationship to outcome. We do not know, for example, whether a volume threshold exists—or
more than one—above which outcomes are better but do not continue to improve with further
volume increases. Is there a threshold effect for physician or hospital volume? Both? Neither?
Very few studies addressed the question of whether the only relevant volume measure is that of
the specific procedure or condition under study. Thus, we do not know the extent to which expe-
rience with procedures (or conditions) that are closely related affects outcome.

Available research does not shed much light on what specific factors explain outcome dif-
ferences between high and low volume providers. No longitudinal studies (and very few of any
design) address the important question of how much of the variability, especially among low-
volume providers, is due to chance. Few investigations have assessed differences in specific
clinical processes of care, especially those known to affect outcomes. One intriguing exception
showed that about one third of the mortality difference between high- and low-volume hospitals
for acute myocardial infarction could be attributed to more frequent use of proven-effective
medications at high-volume hospitals. We believe that this direction is the most promising ave-
nue for future research: a detailed understanding of those critical clinical and organizational pro-
cesses that affect outcomes and that differentiate high- and low-volume hospitals and physicians.
Such knowledge could provide a blueprint for improvement.

These research findings have several potential implications for public policy in health care.
Public policy might be directed at informing consumers and referring physicians about the nature
of the relationship between volume and outcome or at improving outcomes, or both. Data on
volume of procedures by hospital are publicly accessible in many states through hospital dis-
charge abstract databases. Many of these databases also permit identification of treating physi-
cians. Making these data widely available is one potential way of informing consumers and cli-
nicians. Some of the challenges such efforts would face are the difficulties of explaining what the
data mean (and what they do not), the technical challenges of carefully identifying conditions
and procedures for which research is conclusive that higher volume is associated with better out-
comes (and at what threshold), and the need to update the data regularly.
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Regulation in some states has limited the number of low-volume hospitals for some specific
services, but such programs have become increasingly politically unpopular and require signifi-
cant infrastructure to support. Recent actions by private employers suggest that some purchasers
may be prepared to take an active role in steering patients toward high-volume hospitals, using
incentives directed either at managed care plans or at employees themselves. No data exist on
which to base predictions of the impact of such efforts. Available data suggest that significant
numbers of patients do not use data on outcomes or volume where they exist to choose where to
receive care.

We believe that the most promising use of the research findings linking volume and out-
come is to fuel quality improvement. To the extent ongoing research is successful in demon-
strating what specific clinical and organizational processes of care are associated with improved
outcomes, this knowledge can be put to direct and immediate use to improve hospital and physi-
cian care. Public policy can accelerate this improvement by supporting the necessary research,
by fostering and evaluating demonstration programs to implement it, and by disseminating suc-
cessful models.

HOW IS VOLUME RELATED TO QUALITY IN HEALTH CARE?
A SYSTEMATIC REVIEW OF THE RESEARCH LITERATURE

“We must formulate some method of hospital report showing as nearly as possible what are the
results of the treatment obtained at different institutions. This report must be made out and pub-
lished by each hospital in a uniform manner, so that comparison will be possible. . . .  A set of
statistics had been prepared comparing the mortality at a certain semi-private hospital of 200 beds
with that of four of the best general hospitals in America, having a total of 1,200 beds. These sta-
tistics were obtained from published reports. They clearly showed that the semi-private hospital
not only did more operations, but that the mortality was much lower, especially in some of the
more difficult branches of surgery.”

Introduction and Historical Context

This author goes on to speculate about what factors might have produced such an apparently
anomalous result—that a small hospital might have better outcomes than larger, more prestigious
institutions. Among the factors he cited in addition to the volume of operations were the skill of
the surgeons, the comorbid conditions of the patients, the financial condition of the hospitals, and
the way in which surgical departments were organized to triage particular patients to particular
surgeons. Data to answer these questions continue to prove elusive, some 86 years after a Boston
surgeon, Ernest Avery Codman, first posed them. (Codman 1914)

Codman’s questions lay dormant for more than 50 years, until the National Halothane Study,
undertaken in the 1960s to assess possible hepatotoxic effects of halothane, unexpectedly re-
ported a 24-fold variation in operative mortality among participating U.S. hospitals. (Moses
1968) This finding led to a series of further investigations. (Stanford 1976, Flood 1979, Flood
1984a, Flood 1984b) More recently, beginning with the work of Luft and colleagues (Luft 1979,
Bunker 1982, Luft 1987), a large body of research has focused on measuring and explaining the
relationship between patient outcomes and the volume of specific health services provided by
hospitals and physicians.

Many studies have documented that higher volume is associated with better outcomes for a
variety of different surgical procedures and medical conditions. Two principal hypotheses have

Copyright © National Academy of Sciences. All rights reserved.

Interpreting the Volume-Outcome Relationship in the Context of Health Care Quality: Workshop Summary
http://www.nap.edu/catalog/10005.html

http://www.nap.edu/catalog/10005.html


30 INTERPRETING THE VOLUME–OUTCOME RELATIONSHIP

been advanced to explain these relationships: 1) that physicians (and hospitals) develop more
effective skills if they treat more patients (“practice makes perfect”) or 2) physicians (and hospi-
tals) achieving better outcomes receive more referrals and thus accrue larger volumes (“selective
referral”). (Flood 1984a, Flood 1984b, Luft 1987)

Although a few studies have found some indirect evidence that is consistent with either or
both of these hypotheses, we believe a reconceptualization is warranted of the model that de-
scribes the potential mechanisms by which volume and outcome might be related in health care.
This reconceptualization is prompted both by several inconsistencies in the older hypotheses and
by evidence from recent research. Although the “practice makes perfect” hypothesis has some
intuitive appeal, extant research has been unable to demonstrate what skills or practices improve
as hospitals or physicians gain experience with particular kinds of patients and why they are
uniquely related to volume. For the “selective referral hypothesis” to be an important explanatory
factor, the outcomes of different physicians, surgeons, and hospitals would have to be widely
known for referring physicians (if not patients) to use in making treatment recommendations. But
we know that such data are not readily available and cannot be the basis for very many patient
referrals. Even where they do exist, physicians report that they do not use them to make referrals.
(Schneider 1996, Hannan 1997) Nor is there evidence that patients either shun hospitals with
well-publicized poor outcomes or flock to those with good ones. (Chassin 1996, Schneider 1998)
Further, both of these hypotheses focus on explaining how particular hospitals or physicians
might have achieved high volume and good outcomes over time. Neither offers much help in ex-
plaining the causes of differences in outcomes among hospitals or physicians with different vol-
umes or in suggesting how the poorer performers might improve. Some recent evidence docu-
menting systematic differences among high- and low-volume providers in the use of specific
interventions points to a different set of explanatory factors. (Thiemann 1999)

We, therefore, begin this systematic review of the research evidence linking volume and
outcome in health care by describing a new conceptual model. In subsequent sections of this
monograph, we describe how we used this model to develop criteria to judge the quality of the
published research we reviewed. We then define our literature search strategies, inclusion and
exclusion criteria, and methods for reviewing and rating included studies. We discuss the results
of the review separately for each included topic area and then discuss generalizable findings and
issues. Finally, we discuss the potential policy implications of the findings.

Conceptual Framework

Figure 1 displays the factors we believe are likely to be the most potent explanatory variables
in understanding how volume of services is related to health outcomes. Patients are selected to
receive surgical or medical services in a variety of ways. Some have little time or choice (e.g.,
those suffering acute myocardial infarction or ruptured aortic aneurysms). The opposite is true for
many surgical procedures, especially for the vast majority of elective operations. We know little
about the relationship between volume and patient selection. Are patients of high-volume hospi-
tals or physicians likely to be more or less appropriate candidates for surgery than patients of low-
volume providers? A single study documented that high-volume surgeons were more likely to
perform inappropriate carotid endarterectomies than low-volume surgeons were. (Brook 1990b)
Few investigations have addressed this important dimension of quality.
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More attention has been focused on identifying the key variables that define the severity of
patients’ presenting illness and the comorbid conditions that also affect the outcomes of treat-
ment. How well these factors are measured and taken into account (i.e., how well the data on
outcomes are “risk-adjusted”) are crucial components of the validity of outcome comparisons
between high- and low-volume providers. If high-volume surgeons or hospitals treat patients
who are systematically sicker (or healthier) than their low-volume counterparts, comparisons of
their outcomes are not valid without scientifically rigorous risk adjustment.

Once the patient population undergoing treatment is adequately characterized, it is then nec-
essary to consider exactly what treatments the patients receive. Volume of services cannot di-
rectly produce better outcomes. If volume is related to outcome, that association must be ex-
pressed by differences in the components of care or in the skill with which treatments are
provided. For some conditions or procedures, specific component treatments (processes of care)
have been demonstrated to improve outcomes. For example, it is essential to know whether pa-
tients undergoing treatment for acute myocardial infarction received therapies designed to
achieve reperfusion (acute angioplasty or thrombolytic drugs in appropriate settings). Other ef-
fective processes for this condition include aspirin, beta blockers, and angiotensin converting en-
zyme (ACE) inhibitors, each with its own specific indications. Although data on effectiveness
and efficacy for most surgical processes of care are lacking, it is equally essential that research-
ers investigate the extent to which carotid endarterectomies or coronary bypass operations are
performed the same way at high- and low-volume centers and by different surgeons. Do high-
volume surgeons employ different surgical techniques compared with low-volume surgeons? If
they do different operations, we can characterize the differences and assess the extent to which
these measurably different processes of care are associated with different outcomes.

If they do exactly the same operations but obtain different results, we may attribute such
outcome differences to differences in skill (or “unmeasured process” differences). Several as-
pects of this issue are worth noting. First, if physician experience (volume) is a proxy measure
for the attainment of a certain skill level that permits superior performance, it is important to
consider how that experience is best measured. Does superior performance in carotid endarter-
ectomy or aortic aneurysm surgery derive from experience with just those procedures, or is the
volume of other major vascular surgical procedures important also? This issue may be termed the
“volume of what” question.

                                                            Physician

                                                                skill

Patient         Severity/        Specific       Skills of

selection    comorbidity    processes     other             Outcomes

                                            of care      clinicians

                                                            Hospital or

                                                          organizational

                                                             “skill”

Figure 1  Conceptual Framework: How Could Volume Affect Quality?
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Second, it is important also to identify exactly what skills are related to outcomes. In surgi-
cal procedures, specific physical skills may be vital—for example, the speed and dexterity with
which a carotid artery is dissected, minimizing trauma to adjacent tissues. Performance of tasks
like these may improve as volume increases and may require a certain level of volume to achieve
or maintain proficiency. The acquisition and maintenance of certain cognitive skills may also be
important to producing good outcomes and related to volume. Recognizing uncommon presenta-
tions of medical conditions or anatomic variations in surgery and taking appropriate and timely
action are examples. To the extent the physical and cognitive skills most crucial to outcomes can
be characterized and specified, they may move from the realm of “unmeasured processes” to as-
sume their proper role in the set of crucial and measurable processes that are integral to produc-
ing the best outcomes.

Third, is the experience of other key participants important? Is the volume of experience in a
hospital’s emergency department or coronary care unit important to its outcomes for patients
with acute myocardial infarction? What about the experience of key consultants? Is the amount
of experience of the team managing the cardiopulmonary bypass pump important in contributing
to the outcomes of coronary artery bypass surgery? Fourth, what about “organizational skill?”
Do high-volume hospitals adopt specific organizational strategies that are particularly effective
in enhancing outcomes? Do they employ sophisticated computerized reminder systems or stan-
dardized protocols that reduce errors of omission or commission? Do teaching hospitals, which
are often high in volume, have an advantage because house staff and fellows provide 24-hour
physician coverage? The more complex the treatment process, the more likely it is that physician
or surgeon skill will be only one of many important components of the full complement of effec-
tive care. Defining the relative contributions of all important contributors is an essential research
challenge.

Criteria for Rating the Quality of Published Studies

Using this conceptual model as a guide, we developed a scoring system to assess the quality
of the research studies included in our systematic review. The full list of criteria is attached as
Appendix A. Our aim was to create a quantitative method of assessing the research design of the
studies we reviewed such that higher scores would reflect increasing likelihood of the study’s
ability to discern generalizable conclusions about the nature and magnitude of the relationship
between volume and outcome. The first four criteria assess various aspects of the patient sample
used in the research. We assigned one point if the sample was representative of the general
population of all patients who might receive the treatments under study. Thus, studies of man-
aged care plan enrollees or Medicare beneficiaries were not considered representative. We as-
signed two points if the study included patients of 50 or more physicians and 20 or more hospi-
tals. If only one of these criteria was met, we assigned one point. No points were assigned if
neither criterion was met. In some studies authors reported the number of hospitals in their sam-
ple but not the number of treating physicians. In these cases we estimated the number of physi-
cians by assuming it would be at least equal to the number of hospitals. The vast majority of
these studies included hundreds of hospitals from administrative databases, so we estimated the
number of physicians as �50 for scoring this criterion. If the total sample size was 1000 patients
or more, we assigned one point. Because statistical power to detect significant relationships in
logistic regression models depends more on the total number of adverse events represented in the
sample than on total sample size (and because the various conditions and procedures in this lit-
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erature have widely varying adverse event rates), we assigned 2 points if the total number of ad-
verse events was greater than 100, one point if it was 21–100, and no points if it was 20 or less.

We assigned no points if the study assessed the relationship between outcome and either
hospital or physician volume. If both were assessed separately, we assigned one point. If the joint
relationships of hospital and physician volume were assessed independently in a multivariate
analysis, we assigned 2 points. And if a study examined both of these and the volume of another
important component of the care process, we assigned 3 points. If the appropriateness of patient
selection was not addressed, we assigned no points. If appropriateness was measured, we as-
signed one point. If it was measured and taken into account in the analysis of the vol-
ume/outcome relationship, we assigned 2 points.

If volume was analyzed in only 2 categories, we assigned no points. If more than 2 catego-
ries were assessed or if volume was treated as a continuous variable, we assigned one point to
credit a more sophisticated assessment of a possible dose-response relationship. In considering
the various ways in which outcomes might be risk-adjusted, we assigned no points if no risk-
adjustment at all was done. If data from insurance claims, hospital discharge abstract databases,
or other sources of administrative data were used, we assigned one point. If data from clinical
sources (e.g., medical records or prospectively designed clinical registries) were used for risk-
adjustment, we assigned 2 points. If clinical data were used in a logistic regression model that
demonstrated good calibration by the Hosmer-Lemeshow test and good discrimination (by a C-
statistic of 0.75 or greater), we assigned 3 points.

If specific clinical processes of care were not measured, we assigned no points. If a single
process was measured and its impact on risk-adjusted outcomes assessed, we assigned one point.
If two or more such processes were measured and evaluated, we assigned 2 points. Finally, if
death was the only outcome evaluated, we assigned no points. If other adverse outcomes in addi-
tion to mortality were assessed, we assigned 2 points.

Quality scores were summed across all 10 criteria for each study. The maximum possible
total score was 18.

Literature Review Methods

We performed two electronic subject-based searches of the literature on MEDLINE (1966–
1999). A professional reference librarian assisted us in the development of our search strategy.
First, we selected twelve conditions and procedures for which volume and outcomes had been
studied (coronary artery bypass, carotid endarterectomy, peripheral vascular surgery, trauma,
transplant, hip surgery, knee surgery, liver resection, lung resection, cancer surgery, angioplasty,
and myocardial infarction).

We then developed a list of search terms based on subject headings from articles known to
be highly relevant to our topic and from the official indexing terms of the MEDLINE database.
We performed multiple searches with combinations of these terms and evaluated the results of
those searches for sensitivity and specificity, with respect to our topic of volume and outcomes.
The search algorithm that yielded the greatest number of highly relevant articles combined the 12
conditions with the terms volume, utilization, frequency, statistics, and outcomes. In order to
broaden our search to include articles on regionalization of care, we added another search that
combined the 12 conditions with the term regionalization. (See Appendix B.)

We also performed MEDLINE searches on authors known to have published widely on the
study topic, and we searched the Cochrane Collaboration Database for systematic reviews. In
addition to performing electronic database searches, we consulted experts in the field for further
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references. Finally, we reviewed the references cited by each article that was ultimately included.
We did not hand-search any journals. This review was limited to the English-language research
literature.

This monograph includes the findings of our review of eight procedures and conditions:
coronary artery bypass graft (CABG) surgery, pediatric cardiac surgery, carotid endarterectomy,
abdominal aortic aneurysm repair, cancer surgery, coronary angioplasty, acute myocardial in-
farction, and AIDS. Our electronic search also identified articles about volume and outcome in
trauma, newborn intensive care, organ transplantation, hip surgery, knee replacement, neurosur-
gery, prostatectomy, cataract surgery, endocrine surgery, and general surgical procedures for be-
nign disease, but we did not include them in this review. In the areas of trauma, newborn inten-
sive care, and transplantation, the provision of services has already been regionalized or is
otherwise highly regulated by government or other administrative bodies. Other areas were gen-
erally limited to very few articles per condition.

We developed an initial set of inclusion criteria and tested it on studies of three conditions:
cardiac surgery, carotid endarterectomy, and AIDS. After revision, the final inclusion criteria
were:

1. Time: patient cohorts treated from 1980 forward.
2. Sample: community or population-based sample—case series or convenience samples

were excluded.
3. Multiple publications from the same database excluded; only the most recent or most

complete publication was included
4. Health outcome(s) must be assessed as the dependent variable(s).
5. Volume must be an independent variable.

We limited the review to studies of patients treated from 1980 to the present, because of the
rapidity of changes in hospital care, available treatments, and surgical techniques. In our view,
data from patient cohorts prior to 1980 would have questionable relevance to today’s policy is-
sues. In a few instances, we included studies if part of their patient sample included patients
treated in 1978 or 1979, but most of the sample comprised patients from the 1980s. We excluded
studies from single institutions, from voluntary registries, or other convenience samples because
of the weak generalizability of such studies. We excluded a few studies in which the only de-
pendent variable was a composite of deaths or long lengths of stay, because, formulated in this
way, the dependent variable was not purely a health outcome. We also excluded a few studies in
which the only dependent variable was a composite of death or complications, with the latter
determined solely by secondary diagnosis codes in administrative databases. These studies were
excluded because of the notorious unreliability of using such data to identify complications. In
general, we excluded multiple publications from the same set of data, selecting only the most
recent or complete, unless different publications reported substantially different analyses (e.g.,
one reported the relationship of hospital volume to outcome and another analyzed physician vol-
ume and outcome).

Three reviewers assessed the articles for inclusion or exclusion, with at least two reviewers
independently examining each article and applying the criteria. Discrepancies in the application
of the criteria were resolved by discussion between the reviewers. We developed an initial set of
assessment criteria and tested it on the studies of CABG surgery, carotid endarterectomy, and
AIDS which had passed the inclusion criteria. Our final criteria for quality assessment and the
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scoring system were described earlier and are listed in Appendix A. The same pair of reviewers
who assessed each article for inclusion or exclusion then independently evaluated each article
and assigned quality scores. Discrepancies were resolved by discussion between the 2 reviewers.

Overall Results of Literature Review

Identification of Studies

The MEDLINE searches of subject headings resulted in 740 citations of all types of articles,
including reviews, editorials, and letters. The MEDLINE searches of authors known to have
published on the topic yielded 160 citations (including overlap with previous searches). Consul-
tation with experts in the field yielded 136 citations (including overlap). The Cochrane Collabo-
ration Database contained no relevant current or pending reviews.

We reviewed the titles and abstracts of the 850 citations. We were able to exclude 600 based
on the title or the abstract. Four of these were because of a language other than English. 250 ci-
tations remained for possible inclusion into the study. Of these, 128 were about one of the eight
chosen conditions. We found ten additional citations by examining the references of all included
articles. We were unable to obtain the articles for one citation (Choti 1998). Thus, we reviewed a
total of 137 articles for possible inclusion into our systematic review. We counted an article that
studied more than one condition as more than one study. For example, we counted the article by
Hannan published in 1999 as two studies because it examined CABG and AAA. The total num-
ber of studies was 162.

Exclusion of Studies

Of the 162 studies, 74 were excluded, and 88 were included. The most common reason for
exclusion was because volume was not an independent variable (31 studies, 19%). The second
most common reason for exclusion was a study sample that was not community or population-
based (22 studies, 14%). This was particularly common among the studies of coronary angio-
plasty and cancer. These were primarily early studies of multiple surgical procedures that ana-
lyzed data from the 1970s. A few studies were excluded because the study outcomes were not
health outcomes.

A summary of this information in Table 1 below.

Overall Results of Systematic Review

Overall, 88 studies were included in our systematic review. Two authors scored each study
on the 10 item methodological quality scale described previously. Possible total quality scores
range from 0 to 18. The actual distribution of quality scores ranged from 2 to 13 (See Figure 2).
The mean total quality score was 7.8 ± 1.9. The median score was 8 with an interquartile range
of 6 to 9.
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TABLE 1  Results of Literature Search

Condition
No. of Studies
Reviewed

No. of Studies
Included

No. of Studies
Excluded

Coronary Artery Bypass Graft 19 9 10
Pediatric Cardiac Surgery 3 3 0
Carotid Endarterectomy 24 18 6
Abdominal Aortic Aneurysm 16 12 4
Cancer Surgery 45 28 17
Coronary Angioplasty 20 9 11
Acute Myocardial Infarction 13 3 10
AIDS 9 6 3
Mulitple Procedures 13* ** 13
TOTALS 162 88 74

* We counted an article that studied more than one procedure as separate studies for
each.
 ** The articles that studied more than one procedure that were included are reflected
in the numbers for each procedure.

Since we excluded articles that analyzed data collected prior to 1980, the publication dates
of those included in our review ranged from 1984 to 2000 (Our last MEDLINE search was
March 2000). We found evidence of a dramatic increase in interest in this area as nearly half of
all the studies we identified were published since 1998.

The methodological characteristics of the 88 articles we reviewed are as follows. Approxi-
mately, two-thirds (68%) of the studies were judged to be truly representative of the underlying
population of interest (i.e, all patients undergoing the specified procedure). The remaining one-
third of authors focused exclusively on the care of a certain category of patients by insurance
status such as Medicare or Veterans Affairs patients. Nearly all of the studies were based on ad-
ministrative data sources, so it was no surprise that 78% of them had sample sizes of 1000 cases
or more—many had tens of thousands of cases. Approximately 80% of studies were based on

Total Quality Score

Figure 2  Distribution of Quality Scores of Volume/Outcomes
Studies (N = 88)
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samples that included 20 or more hospitals and 50 or more treating physicians. We used this
measure as a rough indication that there was the potential for substantial variation at the two pro-
vider levels of interest. However, 9% of authors reported on samples with fewer than 20 hospi-
tals and 50 physicians. Twelve percent of studies had an intermediate number of providers.

While we had no easy way of measuring the statistical power of each study, we did abstract
the absolute number of primary outcomes (e.g., inpatient deaths) as a proxy indicator of the po-
tential power of the study to detect modest associations or perform any significant multivariate
modeling. It is worth noting that event rates are a function of both the overall sample size and the
absolute rate of the adverse outcome of interest. Three-fourths of studies reported more than 100
adverse events upon which the volume-outcomes analyses were based. The rest of the studies
had 20 to 100 events, except for one which had fewer than 20 (Wade 1996).

The primary outcome was mortality in 78% of the studies. This was most commonly inpa-
tient death, though many reported 30 day death rates, and a few reported on 1, 3 or 5 year sur-
vival. The nineteen studies (22%) that examined more than just mortality were primarily studies
of carotid endarterectomy that considered death or stroke as primary outcomes and investigations
of coronary angioplasty that focused on death or emergency coronary artery bypass grafting to-
gether as major adverse events.

The vast majority of investigators examined provider volume as a categorical variable.
Twelve percent dichotomized volume into low and high without any more detailed look for dose-
response relationships. The remaining 88% reported at least three categories of volume, usually
tertiles or quartiles, or numerous categories broken into even-numbered ranges. A few authors
analyzed volume as a continuous variable.

Among the 88 studies we reviewed, there were 78 attempts to detect hospital level volume-
outcome effects and 35 comparisons of physician level influences. The predominance of analy-
ses of hospital volume effects is largely due to the fact that most of the studies were based on
state or national hospital discharge databases that often lacked unique physician identifiers.

Most studies (72%) were primarily focused on examining either the effects of hospital or
physician volume on outcomes. Another 10% of studies reported both hospital and physician
levels effects, but separately. Sixteen studies (18%) performed some type of multivariate or
stratified analysis designed to try to tease apart the independent or synergistic contributions of
physician and hospital volume to outcomes.

We paid particularly close attention to the level of sophistication of the risk adjustment
techniques used by investigators (if any), because failure to account for imbalances in patient
case mix among providers can seriously confound the relationship between volume and outcome.
Fifteen percent of studies performed no risk adjustment at all. The majority of studies (58%) re-
lied exclusively on risk adjustment models based on administrative data, most commonly soci-
odemographics and ICD-9 discharge diagnoses. The limitations of these risk adjustment tech-
niques are beyond the scope of our discussion but have been reviewed elsewhere (Iezzoni 1997).
Only 24 studies (27%) used any clinical data in their risk adjustment models. Among this group,
only six studies reported risk adjustment models that were robustly discriminating (model C sta-
tistic ≥ 0.75) and calibrated (by Hosmer-Lemeshow or other testing).

There were two other higher level methodological issues that few studies seemed to address.
Only 2 of 88 studies (2%) measured the appropriateness of patient selection—both were studies
of carotid endarterectomy where this important issue has been recognized for a decade (Brook
1990a, Karp 1998). Similarly, only 4 of 88 authors (5%) made any attempt to adjust for the use
of any key processes of care. Two studies of breast cancer adjusted for use of adjuvant therapy or
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type of surgery (Sainsbury 1995, Roohan 1998). Thiemann and colleagues’ (1999) study of
myocardial infarction adjusted for the use of key medications (e.g., aspirin and beta-blockers)
and revascularization. Malenka et al (1999) adjusted for use of heparin or intra-aortic balloon
pump in coronary angioplasty cases.

Finally, while we found marked heterogeneity in the methodologic quality of studies for
each publication year we reviewed, we were interested in more formally assessing whether the
overall quality of published research was improving over time. The results of this preliminary
analysis are displayed in Figure 3. We did find a significant, though modest, increase in quality
scores over time (R = 0.26, p = .014). Studies with more recent publication dates received higher
scores than earlier ones, suggesting that the level of analytic sophistication in this field is im-
proving.

Volume and Outcome in Coronary Artery Bypass Graft (CABG) Surgery:

Nineteen articles treating various aspects of the subject of volume and outcome in CABG
surgery were identified by our various search strategies. Ten failed to meet our inclusion criteria.
Two reported data from hospitals that were not community or population based samples. (Zelen
1991, Clark 1996) One was a review article and presented no primary data. (Snowden 1995)
Three dealt with various issues concerning regionalization of CABG surgical services but 2 pre-
sented no data on outcomes (Anderson 1989, Rohrer 1997), and one had no data on the relation-
ship between volume and outcome. (Roos 1989) Two were excluded because either mortality by
hospital was not evaluated (Banta 1990), or because the relationship of neither hospital nor phy-
sician-specific volume was examined with respect to outcomes. (Tu 1996). One was excluded
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because health outcome was not the dependent variable; that study used a composite variable of
inpatient death plus long length of stay. (Hughes 1987). And one study was excluded because,
although risk-adjusted mortality data and hospital volume data were presented together, their as-
sociation was not explored. (Hannan 1994)

Of the 9 articles meeting our inclusion criteria, overall quality scores ranged from 7 to 11,
with a median of 8. These studies and their main characteristics are listed in Appendix C. Two
studies received a score of 7, four obtained scores of 8, and one each received scores of 9, 10,
and 11. The three highest scoring studies achieved these ratings either by examining the joint ef-
fects of hospital and surgeon volume (n = 2) or by using clinical data to risk-adjust (n = 2), or
both (n = 1). No studies examined any outcomes other than death, and none assessed appropri-
ateness of patient

Figure 3: Quality of the Volume/Outcome Literature over time (larger circles represent
larger numbers of studies) selection or clinical processes of care. All 9 studies employed risk-
adjustment methods in analyzing outcomes; 7 used administrative data and 2 used clinical data.
All 9 studies had large sample sizes (n > 5,000); 7 studies examined data from more than 10,000
cases, and 4 had sample sizes greater than 50,000.

Seven of the 9 studies demonstrated a statistically significant association between mortality
and surgeon or hospital volume, or both. The earliest study was limited by its use of Medicare
data to assess the relationship of death (within 60 days of surgery) to hospital volume of CABG
operations on Medicare patients in 1979–1980. (Riley 1985) Because older people received this
operation much less often 20 years ago, Medicare hospital volumes were very low by today’s
standards; 76% of cases were performed in hospitals with volumes less than 100. Showstack and
colleagues used administrative data from California hospitals in 1983 to demonstrate that risk-
adjusted inpatient death rates were higher at hospitals performing 100 CABG operations or fewer
(5.2%) compared with those performing at least 350 such surgeries (3.1%). Grumbach and col-
leagues demonstrated similar findings in their study of CABG surgery in California, New York,
and Canada (Ontario, Manitoba, and British Columbia). (Grumbach 1995)

Hannan and colleagues have published the only investigations to examine the impact of both
surgeon and hospital volume on mortality, finding significant inverse relationships for both.
They first examined administrative data from New York State in 1986 and found that high-
volume surgeons (>116 cases) had lower risk-adjusted inpatient mortality across all strata of
hospital volume than lower-volume surgeons. High-volume surgeons at high-volume hospitals
(>650 cases) experienced a risk-adjusted mortality of 3.2% compared with low-volume surgeons
at low-volume hospitals (<224 cases), who demonstrated a risk-adjusted mortality of 5.7%.
(Hannan 1989) In the most detailed and rigorous assessment of these relationships, these authors
used prospectively collected clinical data to risk-adjust 1989 inpatient mortality in New York
hospitals. (Hannan 1991) They again found statistically and clinically significant associations
between mortality and both surgeon and hospital volume. Table 2 summarizes these findings.

Two studies employed several years’ of data to examine changes in the volume outcome re-
lationship over time in CABG surgery. Farley used administrative data from 62 hospitals partici-
pating in the Hospital Cost and Utilization Project from 1980 to 1987. They examined the rela-
tionship between inpatient mortality and hospital volume both cross-sectionally and
longitudinally. (Farley 1992) They found that volume at low-mortality hospitals increased over
time and interpreted the findings as evidence for the “selective-referral hypothesis.”
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TABLE 2  Risk-Adjusted Inpatient Mortality (%) Following
CABG Surgery:  New York State in 1989

Surgeon Volume

Hospital Volume  <55 55–89 90–259  �260  Total

 <200  14.07  6.67  6.42  3.33  7.25
 200–889  9.01  5.72  3.97  2.88  4.32
 �890  5.33  3.39  3.11  2.18  2.85
 Total  8.14  5.56  3.61  2.43  3.68

Hannan and colleagues used clinical data to examine changes in surgeon volume and their
relationships to risk-adjusted inpatient mortality in New York from 1989 to 1992. (Hannan 1995)
They demonstrated that risk-adjusted mortality for low-volume surgeons (�50 cases per year) fell
60%—from 7.94% to 3.20%—during the study period. This decline was greater than that ob-
served for high-volume surgeons (34%) and for all cases (43%). In a closer analysis of their data,
however, they depicted an important dimension of complexity not previously described. In each
of the 4 years studied, the composition of the low-volume surgeon group changed markedly. Al-
though the number of low-volume surgeons was similar in each of the 4 years (between 33 and
39), only 10 surgeons remained in the low-volume group in all 4 years. In each year, some new
surgeons entered practice, some became low-volume surgeons transiently, and some stopped
doing CABG surgery altogether. The 10 persistently low-volume surgeons had the highest risk-
adjusted mortality rate in the final study year of any identified subgroup. Their mortality rate in
1992 was 8.96%, compared to all low-volume surgeons in that year (3.2%), low-volume sur-
geons who were new to New York that year (2.07%), low-volume surgeons who had previously
had higher volumes (1.82%), or the statewide average (2.45%).

Two studies found no association between volume and outcome. Shroyer and colleagues ex-
amined data from 44 Veterans Affairs Hospitals performing CABG surgery between 1987 and
1992 and found no relationship between hospital volume and death within 30 days of surgery.
(Shroyer 1996) The range of volume among the hospitals studied was limited. No hospital per-
formed more than 400 CABG operations, and only 3 performed between 300 and 400. The lack
of hospitals in high or very high volume strata (as characterized in other research) precluded the
ability of this study to detect an association between outcome and a more complete range of vol-
ume. In contrast, Sollano et al examined the experience in New York State between 1990 and
1995 and found no relationship between inpatient death and hospital volume. (Sollano 1999) In
this study, too, the range of volume was limited, but in an opposite direction compared with the
Shroyer study. Only 1 of 31 hospitals averaged fewer than 100 CABG operations during the
study period, 1 averaged between 100 and 199 procedures, and 4 averaged between 200 and 299
operations. In this sample, 18 hospitals (58%) averaged more than 400 cases per year, a volume
not reached by any of the hospitals in the Shroyer study. It seems likely that the Sollano investi-
gation lacked sufficient hospital representation in the low-volume range to adequately assess the
association between volume and outcome in CABG surgery.

Volume and Outcome in Pediatric Cardiac Surgery

Three studies met our inclusion criteria for this review. No studies were excluded. Appendix
D summarizes the characteristics, findings, and quality scores of the 3 studies. Quality scores
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were modest (6, 8, and 9). None of the studies examined appropriateness or processes of care or
studied an outcome other than inpatient mortality. None of the studies included large numbers of
hospitals, because pediatric cardiac surgery is concentrated in a very small subset of hospitals,
much smaller than the number performing adult cardiac surgery. All 3 studies took a similar
analytic approach to examining how mortality was related to volume of surgery for congenital
heart disease in children. In contrast to many adult surgical procedures, the frequency of occur-
rence of specific pediatric cardiac surgical procedures (e.g., repair of a ventricular septal defect
or correction of tetralogy of Fallot) is too low to support comparisons of volume across different
hospitals. All 3 of the research teams assessing the relationship between volume and outcome in
this area divided into 4 complexity categories all of the surgical procedures performed to correct
congenital heart disease in children, aiming to construct categories with relatively homogeneous
mortality risk. The volume variable in these analyses is then the total number of all such proce-
dures, with the complexity category entering a multivariate model as an independent risk-
adjustment variable.

Jenkins and colleagues used administrative data from California (for 1988) and Massachu-
setts (for 1989) and were the first to create complexity categories. (Jenkins 1995) They con-
structed their categories using clinical judgment to sort ICD9 procedure codes into 4 groups.
When they applied the resulting classification scheme to their data set, they did demonstrate in-
creasing average mortality rates across the 4 categories: 4.8%, 6.4%, 10.7%, and 15.9%. In their
multivariate model, adjusting for demographic characteristics and complexity, volume was
strongly related to inpatient mortality. Risk-adjusted inpatient mortality was 18.5% for hospitals
at which fewer than 10 cases were performed, 7.9% for those in the range of 10–100, 8.2% for
those performing between 101 and 300 cases, and 3.0% for hospitals at which more than 300 of
these operations were done. Although the 95% confidence intervals for these estimates over-
lapped considerably for the lower 3 volume categories, the confidence interval for the estimate of
the highest volume category did not overlap with any of the others. The authors did not present
data on model calibration or discrimination, but used generalized estimating equation procedures
to control for intra-hospital correlations.

Sollano and colleagues used the complexity categories created by Jenkins et al. in their analy-
sis of administrative data from New York State (1990–1995). (Sollano 1999) They used standard
logistic regression to assess the relationship between hospital volume and inpatient mortality, ad-
justing for procedure complexity, and found a significant odds ratio of 0.944 for hospital volume
(in hundreds of cases), suggesting a decrease of 5.6% in the odds of dying for every additional
100 cases in volume. The average overall mortality was 7.3%. The model’s C statistic was 0.617;
calibration was good. Further analysis by age group showed that the relationship of volume to
outcome was especially strong for neonates, age �30 days, (OR = 0.64) and for infants, age 31
days–1 year, (OR = 0.72) but not statistically significant for children over 1 year of age.

Hannan et al. took a different analytic approach to constructing complexity categories and
had access to prospectively collected clinical data to evaluate volume and inpatient mortality in
New York State from 1992 to 1995. (Hannan 1998a) These researchers ordered the cardiac sur-
gical procedures by their actual mortality rates in their data set. Expert clinicians then grouped
the procedures into clinically sensible subgroups and repeated the process until 4 categories were
identified. This procedure resulted in a classification system with more widely separated average
mortality rates than that created by Jenkins et al. Death rates by category were 1.4%, 4.5%,
11.0%, and 20.1%. These categories were employed as independent variables in a multivariate
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TABLE 3  Risk-Adjusted Inpatient Mortality (%)
Following Surgery for Congenital Heart Disease in
New York State (1992–1995)

Surgeon Volume

Hospital Volume <75 �75 Total

 <100  8.94*  7.45  8.26*
 �100  8.47  5.45**  5.95**
 Total  8.77*  5.90**  6.75

*Higher than state average (p < .05).
**Lower than state average (p < .05).

logistic regression, which also controlled for age and comorbidities (as identified in the clinical
database). The resulting model demonstrated excellent calibration and discrimination (C =
0.818). The researchers used the model to explore the relationship between inhospital death and
volume for both hospitals and surgeons. Table 3 shows the findings. Both the hospital and sur-
geon effects were statistically significant. The authors chose the volume categories that demon-
strated the greatest differentiation between low and high volume providers. In general, they
noted that higher volumes were associated with lower risk-adjusted mortality rates across all
categories of procedure volumes.

In each of the 4 complexity categories, both high-volume hospitals and high-volume sur-
geons demonstrated lower risk-adjusted mortality than their lower-volume counterparts.

Volume and Outcome in Carotid Endarterectomy

We were able to identify 19 studies of carotid endarterectomy that met our inclusion criteria
(See Appendix E). Six additional studies initially identified by our search algorithm were ex-
cluded (2 because there was no explicit volume/outcome analyses (Tu 1998, Hsia 1992) and 4
because they were not population-based (Hertzer 1984, Rubin 1998, Friedman 1988, Slavish
1989).

In general, there are two types of studies in the literature. The most common type is based
on a state or national hospital discharge database and reports on ten of thousands of carotid en-
darterectomies, but has limited clinical information. These studies have a large number of cases,
but tend to have very limited if any risk-adjustment, and infrequently have both surgeon and
hospital information. They are also limited to mortality as the only believable outcome, since
post-operative stroke can not be reliably ascertained by administrative data. This is because
stroke can be a pre-operative diagnosis as well as a post-operative complication, and ICD-9 dis-
charge codes do not distinguish between the two. The other type of study is much smaller (usu-
ally 500 to 1500 patients), but has more detailed clinical information from medical chart review
that facilitates measurement of stroke and death rates (usually over 30 days) and allows more
clinically grounded risk adjustment models.

There was considerable heterogeneity in the overall quality scores ranging from 3 to 10 (out
of a possible 18 point scale). The median score was 6 (inter-quartertile range 5–8). Only 9 of the
19 studies performed any type of risk adjustment. Among studies that did attempt to adjust for
patient risk factors, five relied on administrative data, and four had clinical data. All four that
collected clinical data received a quality score of 8 or greater. Only two studies (Hannan 1998b,
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Khuri 1999) presented moderately robust risk-adjustment models with C statistics of 0.715 and
0.72, respectively. Only two studies attempted to adjust the analyses for appropriateness of the
procedure, and none adjusted for processes of care.

The unit of analysis was also quite variable. Four studies looked solely at surgeon volume,
six examined only hospital volume, and nine examined both (3 of which examined them to-
gether). Nearly all studies reflect carotid endarterectomy practice from the 1980s and mid-1990s.
Half (10) of the studies considered inpatient mortality to be the primary outcome. The other half
(9) focused on 30 day death rates, some with combined death, stroke, and myocardial infarction
rates. Because of the well-documented difficulties of using administrative data to differentiate
pre-operative versus post-operative strokes, we only considered the 4 studies that had medical
chart review data to have valid measures of perioperative stroke or myocardial infarction.

While a few studies considered procedure volume as a continuous variable, most investiga-
tors divided annualized caseload rates into two to five categories and compared the outcomes of
the lowest versus the highest-volume providers. There was ten-fold variation in the definition of
low and high-volume providers among the studies. The definition of low volume surgeon ranged
from ≤1 per year to <30 per year; and the definition of low-volume hospital ranged from ≤6 per
year to ≤100 per year. This heterogeneity makes formal meta-analysis virtually impossible.

Of the 13 studies that analyzed surgeon volume, nine found some positive relationship be-
tween surgeon volume and outcomes. Of the four highest rated studies (scores of ≥9), three
found that the low volume surgeons (<5 per year to <10 per year had significantly worse risk-
adjusted outcomes compared with highest-volume surgeons. The one higher-quality study by
Cebul and colleagues (1998) that found no effect of physician caseload had a relatively small
sample size (n = 678) and absolute number of adverse events (n = 32). The authors themselves
calculated that they had less than 10% statistical power to find a significant relationship between
observed differences in high compared with low-volume physicians. However, their study did
have the statistical power to find a significant relationship between hospital volume and out-
come.

Of the 15 studies that analyzed hospital level effects, seven found a significant relationship
(and one a borderline trend p = .08) with clinical outcomes and institutional volume. Of the three
higher rated studies (scores of ≥ 9) that measured volume effects, one (Katonen 1998) conducted
in Finland found no hospital effect, and the two in the U.S. (Cebul 1998 and Hannan 1998b) did
find significantly worse outcomes for hospitals with ≤ 62 and ≤ 100 carotid endareterectomies
per year.

Among the eight studies that examined both surgeon and hospital volume, only two per-
formed any risk adjustment. Cebul and colleagues (1998) found that only hospital volume was
significantly associated with risk-adjusted 30 day stroke and death rates, not surgeon volume.
Hannan et al. (1998b) which included data on 28,207 operations over a six year period in New
York found both hospital and surgeon volume to be independently associated with risk-adjusted
inpatient mortality rates, with the surgeon effect being larger than the hospital effect. Hannan et
al. also found a significant interaction between hospital and surgeon volume as shown in Table 4.
Low volume surgeons operating at low volume hospitals had the lowest risk-adjusted mortality
rates (1.96%), low volume surgeons at high volume hospitals and high volume surgeons at low
volume hospitals had identical, intermediate mortality rates (1.18%), and high volume surgeons
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TABLE 4  Risk-Adjusted Inpatient Mortality (%)
Following Carotid Endarterectomy in New York State
(1990–1995)

Hospital Volume

Physician Volume 1–100 �101 Total

 1–4 1.96*  1.18 1.89*
 � 5 1.18  0.94** 1.11**
 Total 1.28*  0.94** 1.19

*Higher than state average (p < .05).
**Lower than state average (p < .05).

operating at high volume hospitals had the lowest death rates (0.94%). It is also worth noting that
in New York State, there were very few operations performed by low volume surgeons in high
volume hospitals, so estimates of mortality rates in this subgroup had very wide 95% confidence
intervals.

Volume and Outcome in Abdominal Aortic Aneurysm Surgery

Sixteen studies on abdominal aortic aneurysm (AAA) repair were reviewed. Four were ex-
cluded. Two were excluded because volume was not an independent variable (Evans 1999,
Adam 1999). One study (Veith 1991) was excluded because it was based on the same data as an-
other study (Hannan 1992). Another study was excluded because its data was from the 1970s
(Pilcher 1980). A summary of the articles on AAA is provided in Appendix F.

Twelve studies met the inclusion criteria. Overall quality scores ranged from 5 to 10, with a
median of 8. These moderate scores reflect the frequent use of administrative databases for risk
adjustment and the exclusive use of mortality as the outcome. The unit of analysis was the hos-
pital in seven studies, the hospital and the physician (analyzed separately) in three studies (Pro-
novost 1999, Dardik 1998, Rutledge 1996), and the hospital and the physician analyzed together
in two studies (Hannan 1989, Hannan 1992). No study measured the appropriateness of patient
selection.

The definition of a low-volume hospital was heterogeneous, making comparisons among
studies difficult. It ranged from less than four to less than 50 unruptured AAAs per year. The
definition of a low-volume surgeon was more homogeneous, ranging from less than three to less
than five unruptured AAAs per year.

A somewhat unique characteristic of many of the AAA studies was an attempt to measure
the volume of something other than the index condition, and to determine the association of this
volume with the outcomes of that condition (i.e., the issue of “volume of what”). These studies
asked whether experience with vascular surgical procedures other than the one under study might
be associated with the outcomes of the studied procedure. Three studies examined the relation-
ship between unruptured AAA volume and ruptured AAA outcomes (Dardik 1998, Rutledge
1996, Amundsen 1990). One study looked at total AAA volume and outcomes for ruptured AAA
and unruptured AAA (Manheim 1998). Three studies looked at the relationship between the vol-
ume of operations other than AAAs and AAA outcomes (Khuri 1999, Amundsen 1990, Hannan
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1992). Khuri and Amundsen measured the volume of all peripheral vascular operations, and
Hannan looked at the volume of any aorta operation—i.e. not just aortic aneurysm repairs.

All but the Amundsen study performed some type of risk adjustment, and the Khuri study of
Veterans Affairs hospitals was the only one to use clinical data for risk adjustment. The Khuri
study was the only study in this entire review to perform hierarchical linear modeling. Its C sta-
tistic for AAA was 0.75.

No study measured clinical processes of care. Pronovost et al (1999) came the closest,
measuring the effect of intensive care unit characteristics on outcomes. This included physician
staffing, (e.g. daily rounds by an ICU physician), nurse staffing (e.g. nurse-patient ratios), and
some in practice policies (e.g. use of a critical pathway, morbidity and mortality reviews, routine
extubation in the operating room). All of these variables, except for routine extubation in the op-
erating room, are structural characteristics or general policies and not actual clinical processes of
care measured at the patient level. Routine extubation in the operating room was analyzed only
in terms of its effect on length of stay, and not on any clinical outcome.

Every study looked at only one outcome – mortality. Khuri measured 30-day mortality, and
all other studies measured inpatient death. Complications of AAA repair such as bleeding, renal
failure, lower extremity ischemia, ischemic colitis, myocardial infarction, and respiratory failure
were not measured.

All but one study (Khuri 1999) found a significant relationship between volume and out-
comes. Six of the seven studies that looked exclusively at hospital volume found higher mortality
among low-volume hospitals. In a study of unruptured AAAs in New York State, Sollano et al
found that an increment of 100 cases per year was associated with a 22% decrease in the odds of
death (Sollano 1999). Similarly, in a study of Ontario hospitals, Wen et al found that an increase
in hospital volume of 10 unruptured cases per year was associated with a 6% decrease in the
odds of death from unruptured AAA (Wen 1996). They found no such relationship for ruptured
AAAs.

Both Dardik and Rutledge looked at outcomes for ruptured AAAs. Dardik et al found that
hospital volume (unruptured or ruptured) was not related to outcome of ruptured AAAs, but that
surgeon volume of ruptured cases was (Dardik 1998). Similarly, Rutledge et al found only a non-
significant trend between hospital volume (unruptured or ruptured) and outcome, and a signifi-
cant relationship for surgeon volume (Rutledge 1996).

Two studies received a quality score of 10 (Hannan 1989, Hannan 1992a). These studies had
large numbers of patients, physicians, and hospitals, and they examined surgeon volume, hospital
volume, as well as the surgeon and hospital volume together. Hannan et al evaluated all AAAs
performed in New York State in 1986 (Hannan 1989). Hospital volume was related to outcome
only when the surgeon was a high-volume surgeon (>4 cases per year). When the surgeon was
high-volume, high-volume hospitals (>36 cases per year) had a risk-adjusted mortality of 11%,
and low-volume hospitals had a risk-adjusted mortality of 19%. Surgeon volume was related to
outcome, regardless of the hospital volume. Overall, high-volume surgeons had a risk-adjusted
mortality of 15%, and low-volume surgeons (<4 cases per year) had a risk-adjusted mortality of
20%. The effect of surgeon volume was particularly strong within high-volume hospitals. High-
volume surgeons operating in high-volume hospitals had a risk-adjusted mortality rate of 11%,
whereas low-volume surgeons in high-volume hospitals had a risk-adjusted mortality of 20%.
The study also found that for high-volume surgeons, mortality continues to decrease as hospital
volume increases over the measured range of hospital volumes.
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In another study of New York State, Hannan et al (1992a) examined the relationship of hos-
pital and surgeon volume to outcomes of unruptured and ruptured AAA over a three year period
(1985 to 1987). They found that for unruptured AAAs, hospital volume was related to outcome,
but that surgeon volume was not. By contrast, for ruptured AAAs, surgeon volume, but not hos-
pital volume, was related to outcome. They repeated the analysis using the volume of all aorta
operations and found the same results.

In order to try to evaluate the “selective referral” hypothesis, they identified groups of hos-
pitals and groups of physicians with the lowest and highest mortality rates in 1982–1984, and
then followed their changes in volume during the period 1985–1987. Although all groups of sur-
geons experienced some increase in volume, low-mortality surgeons had the greatest increase in
volume (523 operations to 751 operations, or 44% increase). To evaluate the “practice makes
perfect” hypothesis, they looked at the outcomes for those low-volume surgeons in 1982–1984
who became high-volume surgeons in 1985–1987. There were 22 low-volume surgeons who in-
creased their volumes to 14 or more cases per year. The decrease in their risk-adjusted mortality
rate was negligible (6.8% to 6.2%). Six of those 22 surgeons, however experienced an increase
in volume to 22 or more cases per year, and the drop in their mortality rate was larger (5.8% to
2.5%), although still not statistically significant because of the small number of surgeons. The
authors concluded that some evidence for selective referral as well as the practice makes perfect
hypotheses exists.

The only negative study was Khuri and colleagues’ (1999) evaluation of all AAAs per-
formed in Veterans Affairs (VA) hospitals from 1991 to 1997. In this study, 107 hospitals per-
formed 3,767 procedures. Thirty-day mortality was measured, and clinical data was used to build
a fairly robust risk-adjustment model. Annual hospital volume ranged from 0 to 32, with a mean
of 6.9. The study found no relationship between hospital volume and outcome for AAAs or for
any of the seven other procedures it examined. The findings of this study may not be generaliz-
able, because it included only VA hospitals and patients. The authors point out that many VA
surgeons operate at other institutions as well, so the volume of the VA institutions may not in
fact reflect the experience of their staffs.

Volume and Outcome in Cancer Surgery

We examined a total of 38 studies on cancer. All of the eight studies of medical treatment of
cancer were excluded because none of them looked at volume as an independent variable. Of the
30 studies of surgical treatment, 10 were excluded. The most common reason for exclusion was a
sample that was not community or population-based (7 studies). Two studies did not evaluate
volume as an independent variable (Gordon 1998, Whittle 1998). One paper was a review article,
not primary research (Steele 1996).

Thus, 20 papers, all about cancer surgery, were included in the systematic review. Three of
these studies looked at more than one procedure (Hannan 2000, Gordon 1999, Begg 1998). To
analyze these articles, we examined the data for each procedure separately. In total, 11 papers
studied pancreatic resection, five studied colorectal resection, three studied esophagectomy, three
studied lung resection, and two studied breast surgery (summarized in Appendix G). The three
articles that looked at other cancer procedures are summarized in a table in Appendix G called
“Cancer Miscellaneous.”

We did not include other papers that studied these operations for benign as well as malignant
disease, with the exception of Gordon (1999). We included Gordon (1999) because it studied
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pancreaticoduodenectomy and esophagectomy, both of which are rarely performed for benign
disease.

Pancreatic Resection

Eleven studies evaluated pancreatic resection. The quality scores varied greatly, ranging
from 3 to 10, with a median of 7. The study with the lowest quality score had a small sample that
was not representative of the entire population and did not perform any risk adjustment (Wade
1996). The study with the highest quality score had a large, representative sample, and it exam-
ined physician volume, hospital volume, and the interaction between the two (Lieberman 1995).

The unit of analysis was the hospital for all studies, except for two that looked at both sur-
geon and hospital volume (Lieberman 1995, Sosa 1998a). No study evaluated appropriateness of
patient selection. The definition of low hospital volume ranged from less than 1 to less than 9
procedures per year. Begg et al defined volume as the annual volume of procedures done on
Medicare patients. Two studies of Maryland had only one high-volume hospital (Gordon 1995,
Gordon 1999). In Lieberman and colleagues’ study of New York State, two hospitals were high-
volume, and four surgeons were high-volume. The two analyses of surgeon and hospital volume
interaction were limited by the fact that most of the high-volume surgeons practiced only in
high-volume hospitals.

No study effectively addressed the question of “volume of what.” Gordon et al studied the
association between the total volume of 6 “complex gastrointestinal” procedures (total colec-
tomy, esophagectomy, total gastrectomy, hepatic lobectomy, biliary tract anastomosis, and pan-
creaticoduodenectomy) and individual procedure mortality. They did not also study, however,
the association between individual procedure volumes and mortality (Godron 1999). No study
evaluated the appropriateness of patient selection.

Risk adjustment was based almost exclusively on administrative data. Only Begg et al used
some clinical data (cancer staging from the Survival, Epidemiology, and End Results database).
None of the studies examined clinical processes. Inpatient death was the primary outcome of in-
terest. Three studies looked at death beyond the inpatient stay (Simunovic 1999, Birkmeyer
1999a, Birkmeyer 1999b), and one measured rates of complications, specifically infection and
hemorrhage (Glasgow 1996). Other complications such as pancreatic or biliary leak, gastric
dysmotility, pneumonia, and other outcomes such as recurrence and quality of life were not ex-
amined.

Of the nine studies that looked at hospital volume only, all but one (Wade 1996) found a
significant relationship between volume and outcomes. The highest quality score of 8 was
achieved by a study of 1705 pancreatectomies at 298 hospitals in California from 1990 to 1994
(Glasgow 1996). In this study, the risk-adjusted mortality at high-volume hospitals (>50 cases
per year) was 3.5%, compared to 14% at low-volume hospitals (<5 cases per year).

Lieberman et al (1995) analyzed both physician and hospital volumes; 1,972 procedures
were performed by 748 surgeons in 184 hospitals in New York State from 1984 to 1991. In sepa-
rate analyses of surgeon volume and hospital volume, high-volume surgeons (>41 cases per year)
had lower risk-adjusted mortality rates than low-volume surgeons (<9 cases per year)—6% ver-
sus 13%, and high-volume hospitals (>8 cases per year) had lower risk-adjusted mortality rates
than low-volume hospitals (<10 cases per year)—5% vs. 19%. When surgeon volume and hos-
pital volume were analyzed together, however, only hospital volume was significant.
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Sosa et al (1998a) analyzed both physician and hospital volumes for 1,236 procedures by
373 surgeons at 48 hospitals in Maryland. They found that the relative risk of death at low-
volume hospitals (<5 cases per year) was 19 times that at high-volume hospitals (>20 cases per
year). Analyzing physician and hospital volume together, they found hospital volume to be sig-
nificant regardless of physician volume.

Although the studies on pancreatic resection had a great deal of methodological heterogene-
ity, they suggested that outcomes were related to provider volume and to hospital volume in par-
ticular. The magnitude of this volume effect was relatively large compared to most of the other
procedures we studied. This is a function of both the high absolute mortality rate for pancreatic
cancer as well as a very strong volume and outcome relationship. The number needed to be
treated by a high volume provider to prevent one inpatient death attributable to low volume was
only 10 to 15 for most higher-quality studies.

Esophagectomy

The three studies of esophagectomy had low quality scores (6, 6, and 8). The two lower-
scoring studies had relatively small sample sizes – 518 patients in one (Gordon 1999) and 503
patients in another (Begg 1998). The unit of analysis was the hospital in all three studies. The
definition of low volume was relatively similar across studies, ranging from less than 6 to less
than 10 procedures per year. Begg et al measured volume of Medicare cases only. All studies
performed some risk adjustment, and only one utilized clinical data (Begg 1998). No study
evaluated clinical processes such as operative approach (abdominal versus thoracoabdominal)
and method of reconstruction.

The only outcome evaluated was inpatient mortality. No study examined long-term survival,
recurrence, or quality of life. Complications such as anastomotic leak, respiratory failure, pneu-
monia, and digestive dysfunction were not measured.

All three studies found large differences in mortality between low-volume and high-volume
hospitals. Gordon and colleagues found that the relative risk of death at a low-volume hospital
was 3.8 times that at a very-high-volume hospital, although there was only one institution in this
latter category (Gordon 1999). Begg et al found that the risk-adjusted mortality at high-volume
hospitals was 3.4%, compared to 17.3% at low-volume hospitals. Patti et al. (1998) found similar
mortality rates—6% at high-volume hospitals and 17% at low-volume hospitals. This study had
the highest quality score of 8, in part because of its large size. Overall, the magnitude of the vol-
ume and outcome relationship for esphagectomy was striking. The number needed to treat by a
high volume provider to prevent one inpatient death attributable to low volume was seven to nine
patients.

Breast Cancer Surgery

The two studies of breast cancer surgery had relatively high quality scores (10 and 11) be-
cause they had large numbers of patients, surgeons, hospitals, and adverse events, and because
they utilized clinical data from cancer registries in their risk adjustment models. The unit of
analysis was the hospital in one study (Roohan 1998) and the surgeon in the other (Sainsbury
1995). Neither study looked at the appropriateness of patient selection. Roohan et al defined
“very low” hospital volume as fewer than 10 cases per year. Sainsbury et al defined low surgeon
volume as fewer than 30 cases per year. Sainsbury et al attempted to include extent of disease
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and tumor grade in their risk-adjustment model, though this information was missing for 50% of
patients.

The two studies were noteworthy for their measurement of clinical processes. Roohan et al
included the type of operation (mastectomy or breast-conserving surgery) as an independent
variable in the multivariate analysis. Sainsbury et al included the percentage of patients treated
by mastectomy (versus local excision), chemotherapy, hormone therapy, radiation therapy, or
surgery alone for each surgeon. These two studies were unique in that they both selected a long-
term outcome (5-year survival) as their dependent variable. Neither study measured other out-
comes such as recurrence, complications of surgery, or complications of adjuvant therapy.

Roohan et al looked at 47,890 cases of breast cancer surgery performed in 266 hospitals in
New York State from 1984 to 1989. In a multivariate regression model, they found volume to be
related to 5-year mortality, with a clear “dose-response” relationship. The increased risk of death
was 19% in moderate-volume versus high-volume hospitals, 30% in low-volume versus high-
volume hospitals, and 60% in very-low-volume versus high-volume hospitals. The authors con-
jectured that since breast surgery has negligible operative and inpatient mortality, the volume-
outcome relationship might be caused by higher-volume hospitals providing more effective ad-
juvant treatment.

Sainsbury et al studied 12,861 cases of breast cancer surgery performed by 180 surgeons in
the Yorkshire Regional Health Authority area from 1979 to 1988. Risk adjustment included age,
extent of disease, tumor grade, socioeconomic status, date of treatment, and type of therapy (sur-
gery, radiation, chemotherapy, hormone therapy, surgery alone). They found that the risk of
death was significantly lower for patients of high-volume surgeons (greater than 29 cases per
year) compared to low-volume surgeons (fewer than 10 cases per year). There was no difference
in survival between moderate-volume (10 to 29 cases per year) and low-volume surgeons. The
volume effect was slightly smaller after risk adjustment (risk ratio of 0.86 versus 0.82 before
adjustment). Variation among surgeons in use of mastectomy, radiation, chemotherapy, hormone
therapy, and surgery alone accounted for 8% of the variation in survival. Surgeon volume and
use of chemotherapy accounted for 20 to 25% of the variation in survival.

Lung Resection

The quality scores of the three studies of lung resection were relatively high (8, 8, and 10).
The numbers of patients, physicians, hospitals, and adverse events were all high. The unit of
analysis was the hospital in two studies (Begg 1998, Romano 1992) and both hospital and physi-
cian in one study (Hannan 2000). No study evaluated the appropriateness of patient selection.
The three studies looked at different types of lung resection—lobectomies (Hannan 2000),
pneumonectomies (Begg 1998), and all resections (Romano 1992).

The definitions of low hospital volume were heterogeneous, ranging from less than 6 to less
than 38 procedures per year. Risk adjustment was based on administrative data in two of the
studies (Hannan 2000, Romano 1992) and clinical data in one (Begg 1998). No study looked at
clinical processes of care. The outcome of interest was inpatient death in all three studies. Com-
plications such as bronchopleural fistula, respiratory failure, and pneumonia were not measured.
In addition, no study evaluated other outcomes such as long-term survival, recurrence, or quality
of life.

In the study with the highest quality score of 10, Hannan et al (2000) looked at 6,954 lobec-
tomies by 373 surgeons at 178 hospitals. The risk-adjusted mortality rate at low-volume hospitals
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(>37 cases per year) was 1.65% higher than at high-volume hospitals (>169 cases per year).
There was no difference between medium-volume and high-volume hospitals. The vast majority
of hospitals were low-volume (133 hospitals). Only 4 hospitals were high-volume. No significant
relationship between surgeon volume and outcome was found.

Begg and colleagues examined 1,375 pneumonectomies performed on Medicare patients at
313 hospitals in the U.S. They utilized clinical data for risk adjustment. No difference in out-
comes existed between high-volume and low-volume hospitals. Romano and colleagues found
40% lower risk of death after pneumonectomy at high-volume hospitals compared to low-
volume hospitals. They also found a similar volume-outcome relationship for lesser resections.

Colorectal Resection

The five studies of colorectal cancer resection had quality scores ranging from 7 to 10, with
a median of 9. The studies were very heterogeneous. Three studies evaluated resections of all
types of colorectal cancer (Hannan 2000, Harmon 1999, Parry 1999), one looked at total colec-
tomy for benign and malignant disease (Gordon 1999), and one looked at resections for rectal
cancer (Porter 1998). The unit of analysis was the hospital in 1 study (Gordon 1999), the physi-
cian in one study (Porter 1998), and both hospitals and physicians in 3 (Hannan 2000, Harmon
1999, Parry 1999).

The definition of low volume was variable, even among the three studies that looked at vol-
ume of all colorectal resections. Among these three studies, the definition of low surgeon volume
ranged from less than 6 to less than 12 procedures per year. The definition of low hospital vol-
ume ranged from less than 40 to less than 84 per year. Gordon et al looked at the relationship
between 6 complex gastrointestinal procedures including total colectomy and the outcomes of
total colectomy.

All studies performed risk adjustment, and two studies (Porter 1998, Parry 1999) used clini-
cal data. Two studies examined clinical processes, but neither incorporated the processes into
their risk adjustment model. Parry et al measured whether or not an abdominoperineal resection
was performed, use of ultrasound or CT scan, and operating “after hours.” Porter et al looked at
the type of operation (low anterior resection versus abdominoperineal resection) and the use of
adjuvant therapy. The outcome studied was primarily inpatient mortality. One study (Parry 1999)
measured local recurrence rates as well as disease-specific survival. No study measured compli-
cations such as anastomotic leak, intra-abdominal abscess, wound infection, or genitourinary
dysfunction.

Three of the four studies that assessed hospital volume did not find a significant relationship
to outcomes. Harmon et al studied all resections in Maryland and found a trend toward lower
mortality at high-volume hospitals, but this was not significant (odds ratio 0.78, p < 0.10). Parry
et al studied all resections in the Northwestern United Kingdom and found no relationship be-
tween volume and outcomes. Gordon et al found no relationship between volume of complex
gastrointestinal surgery and outcome of total colectomy. The only study to find a significant re-
lationship for hospital volume found that the risk-adjusted mortality rate at low-volume hospitals
was 1.9% higher than at high-volume hospitals (Hannan 2000).

Of the four studies that measured physician volume, three found a significant volume-
outcome relationship. Only Parry et al found no relationship between physician volume and out-
comes. Porter et al found that patients of low-volume surgeons had worse disease-specific sur-
vival than patients of high-volume surgeons (hazard ratio = 1.40) and a higher risk of local recur-

Copyright © National Academy of Sciences. All rights reserved.

Interpreting the Volume-Outcome Relationship in the Context of Health Care Quality: Workshop Summary
http://www.nap.edu/catalog/10005.html

http://www.nap.edu/catalog/10005.html


APPENDIX C 51

rence (hazard ratio = 1.80). High-volume surgeons were more likely to perform a low anterior
resection as might be expected. They were no more likely, however, to use adjuvant therapy than
low-volume surgeons were.

Three studies analyzed physician volume and hospital volume together. The physician effect
found by Hannan et al disappeared when hospital volume was controlled for in the analysis.
Harmon et al found that surgeon volume was related to volume regardless of hospital volume.

The studies of volume and outcome in colorectal surgery do not uniformly find a significant
relationship. The magnitude of the volume effect on mortality is relatively modest—an absolute
difference in inpatient mortality of 1% to 2% corresponding to a number needed to treat of 50–
100.

Summary

The twenty studies of cancer surgery suggest that a significant relationship between volume
and outcomes does exist. The largest differences between low and high-volume providers were
found for the most complicated operations in rare cancers—pancreatectomy and esophagectomy.
For colorectal resection and lung resection, two operations for more common cancers, the relation-
ship between volume and outcome is not as clear.

The common methodologic issues for these studies point to a need for more clinical data. In-
formation about the type of tumor and cancer stage would be highly desirable, particularly in
studies that look at long-term survival. An examination of the different clinical processes being
employed and how they vary with provider volume, might elucidate the differences in outcomes.
For example, the use of adjuvant therapies is particularly important but has not been well-studied
with respect to volume. The roles of other providers besides the surgeon have also not been ex-
amined. Particularly when long-term survival is being evaluated, characteristics of other provid-
ers who care for the patient years after surgery, such as the medical oncologist and radiation on-
cologist would be relevant. More appropriate referral to these providers or better coordination of
the many elements of cancer care, such as diagnostic testing, adjuvant therapy, and follow-up
surveillance, may underly the hospital volume effects that have been found.

It is worth noting that the literature on volume and outcomes in cancer has disproportion-
ately focused on rare operations for rare cancers. For the most common cancer operations –
breast cancer surgery, colon resection, and lung resection, we found 10 studies that met our in-
clusion criteria. By contrast, the most rare operations – esophagectomy and pancreatectomy had
13 publications. In addition, we found no studies of medical treatment of cancers.

Volume and Outcome in Coronary Angioplasty

Nine studies on the relationship between provider angioplasty volume and outcomes met in-
clusion for our systematic review (See Appendix H.) Eleven other studies were identified by our
search algorithm but excluded for the following reasons: two did not have volume and outcome
data (Gray 1999, de Belder 1999), two were based on data from the early 1970s, and seven were
not population-based samples—either small convience samples (Ellis 1997, Kastrati 1998, Klein
1997, Shook 1996) or nested within a randomized controlled trial (Gilchrist 1999) or trial regis-
try (Grassman 1997, Kimmel 1995).

All of the studies were based on tens of thousands of patients. Seven of the nine were de-
rived from large statewide or national hospital discharge databases. Overall quality scores ranged
from 7 to 14, with a median score of 8 (IQR, 8–9). All of these articles included some attempt at
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risk adjustment, though most of them (6) did this using administrative data from hospital dis-
charge abstracts. The exceptions were Hannan (1997a), Malenka (1999) and McGrath (1998)
which used databases that had more detailed clinical data that could be used for more rigorous
risk adjustment. The study by Hannan and colleagues (1997a) using the New York State Coro-
nary Angioplasty Reporting System reported the most robust risk adjustment model with a C
statistic of 0.89. No studies adjusted for appropriateness, though Malenka (1999) adjusted for
clinical indication. Also of note, only one study, Malenka et al. (1999) adjusted for important
processes of care.

The unit of analysis among the the studies also varied. Five studies examined hospital vol-
ume alone, two looked at physician volume alone, and two analyzed both. All studies reflect
practice from the late 1980s through the mid-1990s. None of the articles included data on angio-
plasty performed after 1996, so these data do not reflect the use of newer antiplatelet therapies as
well as other more recent innovations in technique.

Compared with several of the other conditions which we reviewed, the literature on angio-
plasty was somewhat more homogenous. All studies were very large databases of tens of thou-
sands of patients, included attempts at risk adjustment, and examined the outcomes of inpatient
death and emergency (or same stay) coronary artery bypass grafting (CABG). Emergency CABG
is an important outcome because it usually is performed when angioplasty is unable to open the
target clogged coronary artery or when the procedure results in a dangerous complication such as
coronary artery dissection. A few studies included other additional outcomes such as 30 day sur-
vival (Jollis 1994 and Jollis 1997) and radiographically defined successful angioplasty (patency;
McGrath 1998, Malenka 1999).

Nearly all investigators compared outcomes of providers across a broad spectrum of volume
categories, most commonly tertiles or deciles of caseload. The definition of low volume physi-
cian ranged from <25 per year to ≤85 per year. It is worth noting that the American College of
Cardiology/American Heart Association guidelines recommend a minimum physician volume of
75 procedures per year. This is particularly significant in interpreting the finding of the two arti-
cles from the Northern New England Cardiovascular Disease Study Group (NNEDSG; Malenka
1999, McGrath 1998), which used as their lowest-volume physician volume thresholds < 84/yr
or ≤ 85/yr which are often used to define “high-volume” providers in policy statements and other
analyses. Relative to the rest of the country, the NNEDSG was really a study of high-volume,
very high-volume and extremely-high-volume providers. This may explain why both investiga-
tors were unable to find any relationship between procedure volume and mortality. The defini-
tion of low-volume hospital ranged from <50 per year to <400 per year. The ACC/AHA guide-
lines recommend a minimum hospital caseload of 200 angioplasties per year.

Of the four studies that analyzed the effects of physician volume, only one found a signifi-
cant association between procedure volume and mortality alone (Hannan 1997a), and one found
a trend towards such a relationship (Malenka 1999, p = .086). Three studies found that lower an-
gioplasty volume correlated with higher rates of emergency CABG. Emergency CABG rates av-
erage about 3% to 5% compared to mean inpatient mortality rates of about 1.0 to 1.5%, so stud-
ies that measured rates of both types of major angioplasty complications likely had greater
statistical power to detect modest influence of volume on outcomes.

Of the seven articles that examined hospital volume, three found an inverse relationship
between volume and mortality alone, though four did not. However, all seven found that lower
volume was associated with higher rates of emergency CABG alone as well as the combined
endpoint of inpatient death or emergency CABG. The two studies that examined both physician
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and hospital volume influences (Hannan 1997a, Jollis 1997), both reported that physician and
hospital procedure volume were independent predictors of outcomes in multivariate analyses.
That is, adjusting for physician volume, hospital volume was still important, and vice versa.
While neither investigator found any significant formal interactions between physician and hos-
pital volume, both observed the lowest risk-adjusted event rates among the highest volume car-
diologists performing angioplasty in the highest volume hospitals.

Three studies stand-out for their methodological sophistication. The highest rated study by
Hannan and colleagues (1997a) examined all 62,670 procedures performed in New York in 1991
to 1994 using the New York State Department of Health Coronary Angioplasty Reporting Sys-
tem database. This dataset contains details on several important pre-procedural clinical variables
identified by the New York State Cardiac Advisory Committee as necessary for rigorous risk
adjustment including location, percent stenosis, and morphology of the diseased coronary ves-
sels. This level of granularity of information may help explain how Hannan and colleagues were
able to develop a robust risk adjustment model with excellent model fit and discrimination (C
statistic = 0.89 and Hosmer-Lemeshow test not significant). They found that patients undergoing
angioplasty by cardiologists with annual volumes < 75 per year had significantly higher risked
adjusted rates of inpatient mortality and emergency CABG than the state as a whole (death:
1.03% vs. 0.90%; CABG: 3.93% vs. 3.43%). Hospital volume was also important. Hospitals that
performed <400 angioplasties per year had higher risk adjusted rates of inpatient death and same
stay CABG compared to the statewide average (death: 1.12% vs. 0.90%; CABG: 4.19% vs.
3.43%). They also found that both cardiologist and institutional caseload made independent con-
tributions to explaining the variance in clinical outcomes. They found no formal interactions
between physician and hospital volume.

Two additional points are worth comment. Hannan and colleagues (1997a) compared the
outcomes of the lowest volume categories to the statewide average, not to the highest volume
categories. For all of the comparisons, there did not appear to be a smooth linear relationship of
decreasing event rates for increasing volume, in part, because the highest-volume categories
tended to have higher event rates than the intermediate volume categories. In addition, the rela-
tive difference in outcomes was fairly modest resulting in an approximate 13% difference in re-
sults by cardiologist volume and 19% difference by hospital volume. The absolute difference
was even smaller, yielding a number needed to treat to prevent one death attributable to low vol-
ume of 454 for cardiologist caseload and 769 for hospital caseload.

Jollis and colleagues (1997) used the national Health Care Financing Administration hospi-
tal discharge abstracts to compare the outcomes of 119,886 Medicare beneficiaries undergoing
angioplasty in 1992. Their volume categories are based on numbers of Medicare patients under-
going angioplasty, who are thought to account for only one-third to one-half of angioplasty pa-
tients, depending on the physician or institution. They relied on administrative data for risk ad-
justment. The authors reported that higher physician volume was associated with lower risk
adjusted rates of the combined endpoint of in-hospital death or CABG, even after controlling for
hospital volume. Similarly, they found that higher hospital volume was associated with lower
risk adjusted rates of both in-hospital death and the combined outcome of death or CABG, even
after controlling for cardiologist volume. However, the actual numerical estimates of the risk-
adjusted analyses were not reported in the paper.

The unadjusted numbers were reported and are as follows. Low-volume cardiologists (<25
per year) had higher unadjusted rates of the combined endpoint of inpatient death or CABG
compared to those with high-volume (>50 per year)—6.0% versus 4.7%. Low-volume hospitals
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(<100 per year) had higher unadjusted death or CABG rates than those with high-volume (>200
per year)—6.5% versus 4.9%. The magnitude of these relative differences range from 22% to
25% and correspond to numbers needed to treat to prevent one death or CABG attributable to
low provider volume of 77 and 62, respectively. However, they found no significant differences
in unadjusted or adjusted inpatient or 30 day mortality rates by volume categories.

Finally, the study by Malenka et al. (1999) is noteworthy because it was one of the few
studies in our entire systematic review that collected information on key processes of care and
also adjusted for these variables in their multivariate modeling, in this case, the use of heparin,
coronary stenting, or intra-aortic balloon pump.

Volume and Outcome in Acute Myocardial Infarction

While there is an enormous health services research literature on acute myocardial infarc-
tion, we were only able to identify three studies that met our inclusion (See Appendix I.) Eight
other studies were identified by our search algorithm but excluded because they did not explicitly
evaluate volume and outcome relationships. Most of these articles focused on the effects of phy-
sician specialty or hospital type (teaching vs. non-teaching) on clinical outcomes. One study
(Barbash 1994), did explicitly analyze the effects of hospital volume, but was excluded because
it was based on a thrombolytic trial database, which was considered a non-population based
sample.

All three studies that did meet our inclusion criteria utilized very large hospital discharge
databases that contained data on ten of thousands of patients. Thiemann and colleagues (1999)
received the highest quality rating of the group because they utilized a robust, clinically-based
risk adjustment model and also adjusted for important processes of care known to influence out-
comes following myocardial infarction, such as certain medications (aspirin and beta blockers)
and revascularization procedures.

Thiemann (1999) used the Health Care Financing Administration Cooperative Cardiovas-
cular Project database that contains clinical and administrative information on a nationwide sam-
ple of Medicare patients with acute myocardial infarction during an eight month period during
1994–1995. In addition, to the standard data, the CCP contains information on important proc-
esses of care known to influence outcomes, such as the use of aspirin, beta-blockers, ACE in-
hibitors, thrombolytic therapy, and revascularization procedures. They compared 30 day and one
year survival rates according to quartiles of hospital volume defined as <1.4 MI patients/wk, 1.4–
2.5 per week, 2.6–4.4 per week and >4.4 per week. Unadjusted 30 day mortality rates in the four
groups ranging from lowest to highest volume were: 16.7%, 15.3%, 14.7%, and 14.4%, respec-
tively.

Using a detailed clinical risk adjustment model (C = 0.79), they found that compared to the
lowest hospital volume category, the hazard ratio for 30 day survival was 1.17 for the highest
volume quartile, 1.07 for the second highest quartile and 1.05 for the third quartile. Overall, a
decrease of 5.5 Medicare patients per week was associated with a hazard ratio for 30 day death
of 1.10 and a long term hazard for 1 year mortality of 1.05. While the risk of death was highest
among the lowest-volume hospitals (<1.4 per week), hospital volume remained a continuous
predictor even among the two highest volume quartiles.

The authors also stratified by the specialty of the admitting physician, and found that the as-
sociation between low hospital volume and higher mortality rates was consistently found among
patients treated by cardiology, internal medicine, or family practice physicians. Interestingly,
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they found no relationship between individual physician volume and survival in models with and
without physician specialty.

 The Theimann (1999) article is most noteworthy for being one of the few studies in our
systematic review that examined the independent influence of key processes of care on the vol-
ume-outcomes relationship. For example, they reported that adjusting for differences in proc-
esses of care such as use of aspirin, thrombolytic agents, beta-blockers, ACE inhibitors, and re-
vascularization procedures accounted for about one third of the survival benefit attributed to high
volume hospitals. This indicates that different patterns of use of specific treatments or procedures
can explain part, though not all, of the variations seen in outcomes of patients treated in high ver-
sus low-volume hospitals.

Casale and colleagues (1998) used administrative database from Pennsylvania to analyze
30,715 admissions for acute myocardial infarction in 1993. The Pennsylvania database also con-
tained clinical data on patient severity using the MedisGroup classification (now called the Atlas
System). This clinical data enabled the researchers to produce one of the more robust risk ad-
justment models identified by our review (C statistic = 0.881). They divided hospitals into low
volume providers, those below the median number of myocardial infarction patients (≤ 12 per
year) and high volume, those above the median (>12 per year). Patients treated by physicians a
high volume of cases had 11% lower odds of risk-adjusted inpatient death (OR = 0.89).

Of note, the primary purpose of the study by Casale and colleagues was to examine the ef-
fects of physician specialty on outcomes in myocardial infarction. They reported that patients
treated by cardiologists had lower in-hospital mortality rates than those treated by primary care
physicians (OR = 0.87). However, much of this effect was probably mediated through physician
volume effects as 85% of cardiologists were high volume providers compared to 31% of primary
care physicians. In addition, high volume remained an independent predictor even after control-
ling for physician specialty. This study serves as a harbinger that many of the specialist versus
generalist debates in the outcomes literature may be seriously confounded by volume effects.

The study by Farley et al. (1992) took a somewhat different approach by focusing on the
potential effect of changes in provider volume over time. This is in comparison to the vast ma-
jority of articles we reviewed that evaluate volume and outcome associations in a cross-sectional
manner. Farley and colleagues used longitudinal data from the Hospital Cost and Utilization
Project to analyze patterns of myocardial infarction care in a national sample of 600 non-Federal
hospitals over the period of 1980 to 1987. One of the things these authors did differently from
most others was to logarithmically transform volume to adjust for skewness (the asymmetric
distribution of many low volume hospitals and only a few very-high-volume ones with extremely
large caseloads). They then considered the natural log of volume [ln(volume)] as a continuous
variable. In analyses that used administrative data (including the Disease Staging severity system
using ICD-9 discharge diagnosis) for risk adjustment, they reported that a 10% increase in
caseload corresponded to a 2.2% absolute decrease in inpatient mortality rates.

Using a set of sophisticated statistical models, they concluded that the strength of the rela-
tionship between hospital volume and inpatient mortality increases when one moves from ana-
lyzing cross sectional data (as most investigators have done) to longitudinal or “panel” data. Ex-
amining data within a given hospital over time increases the likelihood of adequately controlling
for hospital-specific factors that could influence both volume and outcomes and thus bias esti-
mates of the direct relationship between volume and outcomes. They also conducted a set of re-
gressions using instrumental variables that they assert shows no selective referral effect for the
conditions of myocardial infarction, inguinal hernia repair and neonatal respiratory distress syn-
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drome. Their study also suggests that other factors such as “nursing intensity,” which are often
unmeasured, may be associated with inpatient mortality rates.

Volume and Outcome in AIDS Treatment

Nine research articles on AIDS were reviewed. Three failed to meet inclusion criteria for the
systematic review. One was excluded because the same data on outcomes and volume were re-
ported in an earlier article by the same researchers. (Bennett 1990). One was excluded because
the patient sample was not community or population based; it reported data from a single institu-
tion. (Wachter 1986) The third study was excluded because volume was not an independent vari-
able in its analyses; it investigated the experiences of generalists and specialists as the “predomi-
nant providers” for patients with AIDS. (Turner 1994)

Six studies met the inclusion criteria and were analyzed in the review. (See Appendix J for
summary overview.) Overall quality scores were low: 3 studies received scores of 7, 2 received
scores of 6, and 1 received a 2. Principal common factors underlying these low scores is that all
of the investigations assessed death as the only outcome and none evaluated the effect of appro-
priateness or processes of care. Five studies examined the relationship between outcome and
hospital volume alone and one examined the association between survival and physician volume.
None examined both hospital and physician experience together. All used at least administrative
data to risk-adjust rates of death, and 2 used clinical data but none presented data documenting
good discrimination or calibration. All six demonstrated statistically significant inverse associa-
tions between hospital or physician volume and death rates. Patient sampling, the formulation of
the volume variable, and analytic presentations differed widely among the 6 studies, precluding
meta-analysis and rendering generalizations hazardous.

Bennett and colleagues first reported this relationship in a study of administrative data from
15 California metropolitan area hospitals. (Bennett 1989) They studied inpatient mortality for
patients admitted with AIDS and their first episode of Pneumocystis carinii pneumonia (PCP) in
1986–1987. They compared outcomes at hospitals with high “familiarity” with AIDS (�30 ad-
missions of patients with HIV infection per 10,000 total admissions) to those with less familiar-
ity (<30 AIDS-related admissions per 10,000). Unadjusted death rates were 33% at low AIDS-
experience hospitals and 12% at high experience hospitals. In their multivariate model (using
administrative data to risk-adjust), the odds of a patient dying in a hospital with low-AIDS fa-
miliarity were about 3.6 greater than in a hospital with high AIDS familiarity.

Using a similar approach with administrative data from 73 New York City hospitals,
Bennett and colleagues also studied inpatient deaths for patients with AIDS and first episodes of
PCP in 1987. The volume variable in this study was the number of cases of AIDS-related PCP
treated in the study year. Hospitals were classified as low-volume (<160 cases) or high volume
(�160 cases). High-volume hospitals exhibited an unadjusted death rate of 21% compared with
30% at low-volume hospitals. Logistic regression using the administrative data for risk-
adjustment demonstrated statistically significant odds ratios of 0.64 (for hospital volume of 160–
239 cases) and 0.67 (for �240 cases), both compared with hospitals with fewer than 80 cases.

Stone et al. used clinical data from a state AIDS registry to risk-adjust both inpatient and 30-
day death rates for patients with AIDS admitted to Massachusetts hospitals in 1987–1988. (Stone
1992) These investigators chose to define volume as the number of discharges of patients with
AIDS per 10,000 discharges at each hospital. The 20% of hospitals with the greatest volume
were designated “high-experience” (�43 AIDS discharges per 10,000), the remainder as “low-
experience”(<43 AIDS discharges per 10,000). The unadjusted relative risk of dying in a low-
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experience hospital was 2.16 times that in a high-experience institution (19.0% vs. 9.8%). The
unadjusted relative risk of dying within 30 days of admission was similar (1.93). When adjusted
by logistic regression for a variety of demographic and severity of illness variables derived from
the AIDS registry, the relative risk of inpatient death remained significant (RR = 2.92 at low ver-
sus high-experience hospitals) as did the relative risk of death within 30 days of admission (RR =
2.51).

Turner and Ball used administrative data from a nationally-representative sample of 258
hospitals (from the Hospital Cost and Utilization Project) in 1986–1987 to examine the relation-
ship between death during hospitalization for patients with any manifestation of AIDS and the
total number of AIDS discharges in each hospital in each study year. (Turner 1992). In a logistic
regression model controlling for demographics and comorbid conditions, an increase in a hospi-
tal’s volume of AIDS cases of 100 was associated with a decrease of 4.3% in the odds of an in-
patient death.

In the only study of hospital care to examine more than 2 years of data, Hogg et al used ad-
ministrative data to assess inpatient mortality for all patients with AIDS admitted to all Canadian
hospitals (n = 513) from 1987 through 1994. In a logistic regression model controlling for age,
year of admission, and clinical stage, the average number of AIDS admissions per year was sig-
nificantly associated with inpatient mortality. Compared with hospitals experiencing fewer than
1 AIDS admission per year, hospitals with 1–9 demonstrated an odds ratio of 0.79; 10–99, OR =
0.77; and those with �100, OR = 0.64.

In the sole study in which the dependent volume variable was physician experience, Kita-
hata and colleagues found a significant relationship between survival from the time of diagnosis
and physician experience with AIDS. (Kitahata 1996) In their sample of 403 patients with AIDS
treated by physicians at Group Health Cooperative of Puget Sound, they found a decreased rela-
tive risk of death for patients treated by physicians whose experience consisted of more than 5
AIDS patients, compared with those with low experience (1 patient). Using clinical data to adjust
for severity of illness and CD4 counts, the relative risk of death was 0.57 for patients of high-
experience physicians. The median survival from diagnosis was 14 months for low-experience
physicians compared with 26 months for their more experienced colleagues.

Despite their methodologic weaknesses, all six included studies showed statistically signifi-
cant and, in some cases, clinically impressive associations between hospital volume and mortal-
ity (usually inpatient mortality). Whether a publication bias exists that acts against the submis-
sion or publication of studies demonstrating no association between volume and outcome in this
disease is unknown. None of the 5 studies examining hospital experience assessed physician ex-
perience or measured specific processes of care. These studies did little to illuminate the under-
lying reasons for the associations they documented. No study reported data from the recent era of
AIDS treatment, characterized by the emergence of protease inhibitors and an increasing array of
complex multidrug regimens. The role of the hospital has diminished greatly in the care of pa-
tients with AIDS. How generalizable the findings of these studies are to present-day AIDS care
is unclear.

Conclusions

Several conclusions emerge from this systematic review of the research since 1980 on the
association between volume and outcome in health care. There can be little doubt that for a wide
variety of medical conditions and surgical procedures, patients treated at higher volume hospitals
or by higher volume physicians experience on average lower mortality rates than those treated by
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low-volume hospitals and physicians. The 88 studies we reviewed contained 113 different as-
sessments of the relationship between hospital or physician volume and outcomes; 53 examined
hospital volume only, 10 focused on physician volume only, and 25 assessed both. Counting the
25 studies that evaluated both as separate assessments, 77% of all the assessments in the studies
in our review found statistically significant associations between either hospital or physician vol-
ume and health outcomes. In all cases the association was in the direction of higher volume be-
ing associated with better outcomes. No study documented a statistically significant association
between higher volume and poorer outcomes. The remaining 23% of evaluations found results
that were not statistically significant. This conclusion is strengthened by the further observation
that all 16 studies with the highest quality scores (10 or greater) demonstrated statistically sig-
nificant associations.

The majority (60%) of studies investigated hospital volume effects only, a smaller propor-
tion examined only physician volume (11%), 10% assessed hospital and physician volume but as
separate independent variables, and 18% analyzed their relative contributions taken together.
Across all conditions and procedures, an almost identical proportion of studies reported statisti-
cally significant, positive associations for better outcomes and hospital volume (78%) as for phy-
sician volume (74%). Of the 16 studies reporting the independent effects of both physician and
hospital volume, 12 (75%) found statistically significant independent effects for both, 3 (19%)
found a significant effect for hospital but not physician volume, and 1 (6%) found a significant
physician volume association but none for hospitals. A majority (63%) of these 16 studies ex-
amined data from one state (New York).

One important cautionary note must be appended to our degree of confidence in the conclu-
sion that the association between volume and outcome is firmly established. We cannot exclude
the existence of a significant publication bias that would diminish the likelihood of studies fail-
ing to document such associations appearing in the research literature. Although it is possible
that such a bias might operate at the level of review and editorial decisions at individual journals,
it is also possible, and perhaps more likely, that such a bias could operate at the level of individ-
ual investigators, who choose not to pursue or report analyses that fail to demonstrate significant
associations. Such decisions could occur because of loss of interest in the research topic or fear a
bias on the part of journal editors against studies reporting negative findings. In addition, when
faced with data about a number of procedures or conditions, researchers may choose to report
only the positive findings.

Risk-adjustment methods varied in their sophistication, with the most rigorous using pro-
spectively collected clinical data to adjust outcomes for severity of illness and comorbidities.
Many of these risk-adjustment models achieved high levels of statistical performance in dis-
crimination and calibration. In the vast majority of these studies, statistically significant associa-
tions between outcomes and hospital or physician volume were documented. It is thus most un-
likely that differences in severity of illness or distribution of comorbid illnesses explain the
association between volume and outcome.

The strength and magnitude of the statistically significant relationships described in these
studies varied greatly. Many of the included studies analyzed data from tens of thousands of
cases, having sufficient sample sizes to detect statistical significance even in small differences in
outcomes. In absolute terms, significant differences between high and low volume hospitals
ranged from about 1 death (or fewer) per 100 patients treated in PTCA and carotid endarterec-
tomy to 5–10 per 100 in some studies of CABG, pediatric cardiac surgery, and AAA surgery.
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The greatest differences were seen in some studies of complex cancer surgery (e.g., operations
on the pancreas or esophagus), where differences as high as 10–15 deaths per 100 were reported.

Overall, the methodological rigor of the published research was modest, with only 18% re-
ceiving quality scores of 10 or higher; 75% of these received a score of 10, which is 56% of the
maximum score of 18, and only 1 study received the highest score (13), which is 72% of the
maximum. Thus, while the research documents the fact that high volume is often associated with
better health outcomes, many questions about the nature of the relationship, its causes, and sig-
nificance remain unanswered. For example, the studies in our review examined a wide variety of
volume categories for the same procedures, typically comparing 2 or 3 volume strata or assessing
the linear association between volume and outcome. Thus, we know little about whether a vol-
ume threshold exists (or more than one) above which outcomes are more favorable but do not
continue to fall with further increases in volume. We do not know how these relationships vary
among procedures or conditions or how different they are when considering physician volume.

Further, the correlation between volume and outcome, even if statistically significant, is true
only on average (Hannan 1999a). Some low-volume hospitals will have outcomes comparable to
the best of the high-volume hospitals and some high-volume hospitals will have poor outcomes.
Moreover, in any given time period, some portion of the variability among hospitals (or physi-
cians) will be due to chance and not to systematic differences in quality. This variability is not
independent of volume. Lower volume hospitals or physicians will demonstrate greater variabil-
ity, because proportions based on smaller sample sizes will generate greater chance variability
compared with larger ones.

This effect is even more pronounced when the event representing the numerator of the pro-
portion is uncommon. Figure 4 illustrates this phenomenon by plotting the hospital mortality
rates for all 5705 hospitals treating one or more Medicare beneficiaries with an acute myocardial
infarction in 1984 (Chassin 1989). The plotted mortality rates were adjusted for differences in
age, sex, and race. As volume increases, the variation among hospitals in mortality rates dimin-
ishes dramatically. Further study of these data revealed that 62% of the variability among all
hospitals in death rates was due to chance, even after using clinical data to adjust for differences
among hospitals in severity, comorbidity, and processes of care (Park 1990). Extant research
does not address how much of the observed outcome differences between high and low volume
hospitals might be due to chance. This deficit in our knowledge is due in part to the lack of stud-
ies using longitudinal data to assess hospital or physician performance.

Another consequence of the paucity of longitudinal studies is the lack of insight provided
into the question of the shape and duration of the learning curve, either for new physicians
learning standard procedures or treatments or for experienced physicians learning new proce-
dures. A related, rarely-asked question is what level of volume is required to maintain profi-
ciency once acquired. The questions about the learning curve and maintenance of proficiency are
equally relevant (and equally unanswered) for hospitals and other important members of the
clinical team in addition to the treating physician.

In only 4 procedures were outcomes other than death evaluated—stroke in carotid endarter-
ectomy, emergency CABG surgery in PTCA, local recurrence in colon resection, and bleeding
and infection in pancreas surgery. Most of these studies showed the same association with these
non-fatal outcomes as with mortality—that they occurred less frequently when hospitals or phy-
sicians had more experience. Many other vital health outcomes have not been investigated (e.g.,
physical or psychological functioning and other local surgical complications).
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Current research did not address the extent to which (if any) the differences between high
and low volume providers may be associated with differences in appropriateness of patient se-
lection. Nor does current knowledge permit conclusions to be drawn about what unit of volume
is most highly correlated with outcome. For example, a surgeon’s proficiency with colon resec-
tion may be affected not only by his or her experience with that procedure, but also by experi-
ence with small bowel resection, because some very similar surgical tasks are involved in both
kinds of procedures. The few studies that have addressed this question have reached variable
conclusions and suffered from a lack of methodological rigor. Thus, the “volume of what” ques-
tion remains unanswered.

This research has also failed to illuminate what underlying causes produce the association
between volume and outcome. It is obvious that volume itself cannot directly produce good (or
bad) outcomes. Other features of patient care, correlated with volume, are the most likely ex-
planatory factors. Our conceptual model (Figure 1) suggests that specific clinical processes of
care that bear a direct relationship to outcome may be performed more often in high-volume
hospitals (or by high-volume physicians). The converse may also play a role (that harmful proc-
esses are performed less often by high-volume providers). The research literature we reviewed
provided scant opportunities to test this hypothesis, as specific clinical processes were rarely
studied. In one important study on elderly acute MI patients, the differential use of proven-
effective treatments (thrombolytics, aspirin, beta blockers, and ACE inhibitors) explained about
one-third of the survival benefit attributable to high-volume hospitals (Thiemann 1999). This
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study documented that patients at high-volume hospitals with lower mortality rates were more
likely to receive effective pharmaceutical treatments than those treated at low-volume hospitals.

We believe that future research directed at uncovering differences in processes of care be-
tween high- and low-volume providers carries the best chance of explaining why outcome differ-
ences exist between these groups. This research should include investigations of the relationship
of the experience of other important members of teams of caregivers (e.g., consultants, intensiv-
ists, operating room teams). Organizational practices should also be studied, following on work
done in intensive care (Shortell 1994, Pronovost 1999) and surgical services. (Young 1998) In
addition, research of this type could help establish the effectiveness of specific processes, par-
ticularly in surgery, where such evidence is lacking today. Advancing knowledge in this direc-
tion could also provide a blueprint for improvement by identifying precisely what poor-
performing providers (whether low-volume or not) need to do to improve.

Policy Implications

Is there a role for public policy to play in the application of this body of knowledge? Our
discussion of policy implications is predicated on the assumption that health care policy in this
area may have one or both of the following objectives: to inform consumers and clinicians about
important information on outcomes and hospital and physician characteristics that may be im-
portant in decision making, or to improve patient outcomes.

We see four alternative policy directions that might address these objectives:

1. Data on volume might be made publicly available.
2. State governments might take action to limit the number of hospitals permitted to per-

form certain procedures.
3. Private purchasers might require or provide incentives for managed care plans or em-

ployees to steer patients to high volume providers.
4. Government (or other state or regional entities) might use data on volume and outcomes

to improve performance.

A program of public availability of data on hospital or physician volume of services would
have the advantage of access to reliable and reasonably timely data (at least on hospital volume)
from many, if not most state hospital discharge abstract data bases. In the absence of reliable and
valid data on outcomes, data on volume may be of interest to consumers and useful to referring
physicians. Such a program would face the difficulty of explaining in understandable terms the
complex relationships between volume and outcome that research has delineated, being careful
to clarify what is known and what is not. For example, it will be important to explain the limita-
tions in our knowledge about whether volume thresholds exist for different procedures or condi-
tions, for hospitals, or for physicians. Updating data on a regular basis to reflect not only more
recent information about volumes, but also new research findings will present further challenges.
The best of our knowledge today suggests that in some instances volume may be a proxy for out-
comes that patients experience. But it is only a proxy, and sometimes a poor one.

Few state governments have continued the hospital certificate of need (CON) programs
popular in the 1970s. Even when such regulatory programs were popular, only a small proportion
focused on the development of requirements for specific services or procedures. New York State
is one of the very few remaining states that has an active CON program that does include re-
quirements for specific services (e.g., CABG surgery, PTCA, organ transplantation). New
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York’s successful regionalization of CABG surgery services has been cited as responsible for
severely limiting the number of low-volume hospitals performing this operation in the state and,
together with its quality measurement and improvement program, for reductions in statewide
mortality following the procedure (Grumbach 1995, Chassin 1996, Chassin 1997, Peterson 1998,
Sollano 1999). There may be a role for such programs in other states and for other procedures.
Political opposition to such regulation is widespread, however, and its implementation and op-
eration require substantial organizational expertise and infrastructure.

Several recent initiatives have aimed to use private sector purchasing power to encourage
managed care organizations to contract only with high volume-hospitals or to provide incentives
to patients to seek care at such institutions. No published studies have evaluated the impact of
such attempts to move substantial numbers of patients from low to high-volume hospitals. How
strong such incentives would have to be for significant changes to occur is unknown. Previous
research on the impact of publicly available data on mortality following CABG surgery docu-
ments the absence of significant movement of patients toward low-mortality hospitals (Chassin
1996), suggesting that information on outcome (or volume) alone may be insufficient to induce
substantial changes in where patients receive care. A recent review documents the lack of use of
data on performance of various parts of the health care system by consumers in their decision
making (Marshall 2000).

Perhaps the most promising approach to the use of these data for improving outcomes is to
employ them in quality improvement programs. To the extent that low volume (and poor per-
formance) can be associated with underuse of effective processes of care, demonstrated to im-
prove outcomes (or with an increased use of harmful practices), such knowledge can be put to
direct use by these institutions to improve their performance. As a new generation of research
produces more such data, the prospect of substantial improvement will increase. Among the most
important research efforts to encourage are those which build prospectively-compiled, clinical
databases that include all patients and all providers. Such databases can produce powerful risk-
adjustment models that permit the production of valid outcome comparisons among providers
and provide unparalleled opportunities to examine the effects of specific processes of care on
carefully risk-adjusted outcomes. Government and private purchasers can accelerate this im-
provement by investing in the necessary research, by establishing and evaluating collaborative
demonstrations, and by disseminating successful models.
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ADDENDUM A: RATING THE QUALITY OF RESEARCH ON
VOLUME AND OUTCOME

Objective of Scoring System: designed to measure the degree to which the study design is likely
to reveal generalizable conclusions about the magnitude and nature of the relationship between vol-
ume and outcome.

Characteristic Values Scores

1. Representativeness of sample: Not Representative 0 1

2. Number of hospitals or doctors H < 20 and H >120 or Both 0 1
MD < 50 MD >50

3. Total sample size (cases): <1000 >1000 0 1

4. No. of Adverse Events <20 21-100 >100 0 1 2

5. Unit of analysis: Hospital or   Both Both Both + 0 1 2 3
MD separately    together

6. Appropriateness of patient    not             measured     measured and 0 1 2
selection measured    separately   analyzed

7. Volume 2 categories Multiple 0 1

8. Risk adjustment: none     admin   clinical      clinical + 0 1 2 3
only      data C >.75 and

H/L test +

9. Clinical processes of care: not One 2+ 0 1 2
measured

10. Outcomes: death only death + 0 1

TOTAL POSSIBLE POINTS = 18
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ADDENDUM B: FINAL MEDLINE SEARCH ALGORITHMS

(Trauma [Text word] OR transplant[mesh] OR transplantation[mesh] OR AIDS[mesh]
OR liver diseases/surgery[mesh] OR lung diseases/surgery[MESH] OR coronary artery
bypass[mesh] OR endarterectomy,carotid[mesh] OR neoplasms/surgery[mesh]OR angio-
plasty[mesh] OR myocardial infarction[mesh] OR vascular surgical procedures[mesh]OR
peripheral vascular diseases/surgery[mesh]OR arthroplasty,replacement,knee[mesh]OR
arthroplasty,replacement,hip[mesh]) AND utilization[subheading] AND (volume[Text
word] OR frequency[Text word] OR frequent [Text word] OR statistics[subheading])
AND (outcome assessment[mesh] OR outcome and process assessment[mesh] OR out-
come[Text word])

(Trauma [Text word] OR transplant[mesh] OR transplantation[mesh] OR AIDS[mesh]
OR liver diseases/surgery[mesh] OR lung diseases/surgery[MESH] OR coronary artery
bypass[mesh] OR endarterectomy,carotid[mesh] OR neoplasms [mesh]OR angio-
plasty[mesh] OR myocardial infarction[mesh] OR vascular surgical procedures[mesh]OR
peripheral vascular diseases/surgery[mesh]OR arthroplasty,replacement,knee[mesh]OR
arthroplasty,replacement,hip[mesh]) AND regionalization
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ADDENDUM C: SUMMARY OF STUDIES OF VOLUME AND
OUTCOME IN CABG SURGERY
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CABG

Study Population
Time
Period Patient # MD # Hosp #

Unit of
Analysis

Primary
Outcome

Risk
Adjustment
Data Source

Definition of
Low Volume (per yr) Volume:Outcomes Results Score

Riley 1985 Medicare
US

1979-1980 6,157 NS 990 Hosp 60 day death Admin Continuous Model estimates of 60-day
deaths:
Vol              Deaths
20                 6.7%
80                 5.6%

7

Showstack
1987

All
CA

1983 18,996 NS 77 Hosp Inpt death Admin Low:<101 hi:>350 RAMR:5.2 vs 3.1% 8

Hannan 1989 AllNY 1986 9,774 353 27 MD
Hosp
Both

Inpt death Admin MD:low<116  hi:>116
Hosp:low:<224 hi:>650

RAMRs:
            LVP           HVP
LVH    5.7%          5.5%
HVH   3.8%           3.2%
Total    4.9%          4.0%

10

Hannan 1991 All
NY

1989 12,448 126 30 MD
Hosp
Both

Inpt mort Clinical MD:low:<55  hi:>259
Hosp:low:<200
hi:>849

RAMRs:
MD: 8.14 vs 2.43%
Hosp: 7.25 vs. 2.85%
MD + Hosp: See Table 2.

11

Farley 1992 All US HCUP 1980-1989 146,890 NS 62 Hosp Inpt death Admin Continuous � mortality w/ � volume 8

Grumbach
1995

All
NY,CA,Canad
a
(Ont,Man,BC)

1987-1989 116,593 NS 157 Hosp Inpt death
w/in 14 days

Admin Low:<100 hi:>500
Canada had no lowest
vol hosps, few in 100-
199.

RAMRs:
NY: 4.1 vs 2.6%
CA: 4.7 vs 2.4%
CAN: No relationship.

8

Hannan 1995 All
NY

1989-1992 57,187 126-
136

30 MD Inpt mort Clin low:<51 hi:>150 RAMRs over 4 yrs:
LVP: 60% �
HVP: 34% �
LVS who stay low vol over 4
yrs had very high RAMRs but
12% left practice of CABG

9

Shroyer 1996 All cases at
VA hosps
doing CABG

1987-1992 23,986 NS 44 Hosp 30 day death Clin
C = .72

<100
No true HVH  (only 3
bet 300-400)

No relationship 7

Sollano 1999 All
NY

1990-1995 97,137 1205 31 Hosp Inpt death Admin <100
Only 1 LVH

No relationship 8

Abbreviations:
RAMR: risk-adjusted mortality rate
LVP: low-volume physician
LVH: low-volume hospital
HVP: high-volume physician
HVH: high-volume hospital
NS: not specified
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ADDENDUM D: SUMMARY OF STUDIES OF VOLUME AND
OUTCOME IN PEDIATRIC CARDIAC SURGERY
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PEDIATRIC CARDIAC SURGERY

Study Population
Time
Period Patient # MD # Hosp #

Unit of
Analysis

Primary
Outcome

Risk Adjustment
Data Source

Definition of
Low Volume Volume:Outcomes Results Score

Jenkins 1995 All children
CA, MA

1988-1989 2,833 NS 37 Hosp Inpt death Admin Low:<10/yr
hi:>300/yr

18.5 vs 3.0%
HVH had higher complexity
cases and � mort of those
cases

8

Hannan 1998a All children
NY

1992-1995 7,169 NS 16 MD
Hospital
Both

Inpt death Clinical
C=.818

MD:<75
Hosp:<100

RAMRs:
          LVP   HVP  Total
LVH  8.94   7.45    8.26%
HVH  8.47   5.45    5.95%
Total  8.77   5.90

9

Sollano 1999 All children
NY

1990-1995 7,199 NS 16 Hosp Inpt death Admin
C=.617

Continuous Adjusted OR=0.944 for
vol/100 cases;
Adjusted OR=.636 for
neonates

6

Abbreviations:

RAMR: risk-adjusted mortality rate
LVP: low-volume physician
LVH: low-volume hospital
HVP: high-volume physician
HVH: high-volume hospital
NS: not specified
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ADDENDUM E: SUMMARY OF STUDIES OF VOLUME AND
OUTCOME IN CAROTID ENDARTERECTOMY
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CAROTID ENDARTERECTOMYCAROTID ENDARTERECTOMY

Study Population Time Period Patient # MD #
Hospital
#

Unit of
Analysis

Primary
Outcome

Risk Adjustment
Data Source

Definition of
Low Volume Volume:Outcomes Results Score

Brott, 1984 All Cincinnati 1980 431 47 16 MD Inpt death,
Stroke

None MD: �  5/yr MD: No relationship 3

Kempczinski,19
86

All Cincinnati 1983-1984 750 61 16 MD
Hospital

Inpt death,
stroke

None MD: < 12/yr
Hosp: < 50/yr

MD: No relationship
Hosp: No relationship

6

Kirshner, 1989 All
Rochester,NY

1984-1985 1035 22 6 MD
Hospital

30 day death
Stroke, MI

None MD: � 5/yr
Hosp: NS

MD: No relationship
Hosp: No relationship

6

Richardson,
1989

Medicare
Kentucky

1983-1984 738 98 41 MD
Hospital

Inpt death None MD: < 3/yr MD: < 3/yr v. > 12/yr
      higher mortality
      (6.1% v. 2.3%)
Hosp: No relationship

5

Fisher, 1989 Medicare
New England

1984-1985 2089 NS 139 Hospital 30 day death Admin Hosp: �  5/yr Hosp: � mortality/stroke
      (3.2% v. 1.1%)

5

Brook, 1990 Medicare
13 US areas

1981 1171 NS NS MD 30 day death,
stroke, MI

Clinical data,
appropriateness

MD: �  3/yr MD: �  3/yr v. >37/yr
        More complications
RR=0.9 (11.9% v. 10.7%)

11

Edwards, 1991 All
Tennessee

1979-1986 11,199 190 NS MD
Hospital

Inpt death None MD: 1-12/yr
Hosp: NS

MD: �  volume, �mortality
Hosp: No relationship

8

Segal, 1993 Medicare
Penn

1989-1992 5657 652 163 MD
Hospital

Inpt death None MD: < 14/yr
Hosp:<14/yr

MD:< 14/yr v. �  14/yr
�  mortality (2.6%v.1.2%)
Hosp: <14/yrv.>14/yr
Trend [0.8] (2.1%v.1.9%)

7

Ruby, 1996 All
Connecticut

1985-1991 3997 226 32 MD Inpt death,
Stroke (abst)

None MD: �  1/yr MD: �  1/yr v. > 10/yr
        2.5X �mortality/ cva

7

Perler, 1998 All
Maryland

1990-1995 9918 NS 48 Hospital Inpt death None Hosp: �  10/yr Hosp: trend towards (.08)
     �  volume, � mortality

5

Karp, 1998 Medicare
Georgia

1993 1945 NS 67 Hospital 30 day death
Stroke, MI

Admin
appropriateness

Hosp: �  10/yr Hosp: �  10/yr v. �  50/yr
     2.6X � mortality/ cva

6

Hsia, 1998 Medicare
US sample

1985-1996 63,137 NS 2607 Hospital 30 day death None Hosp:1-20/yr Hosp: 1-20/yr v. �  50/yr
� mortality (2.5%v.1.9%)

5

Manheim, 1998 All
California

1982-1994 106,493 NS NS Hospital Inpt death Admin Hosp: <20/yr Hosp: <20/yr vs. > 100/yr
�  mortality OR=.66
(1.2% v. 1.7%)

6

Wennberg, 1998 Medicare
US sample

1992-1993 113,300 NS 2698 Hospital 30 day death Admin Hosp: 1-6/yr Hosp: � volume, �mortality 6

Kantonen, 1998 All
Finland

1991-1994 1600 104 23 MD
Hospital

30 day death
Stroke

Clinical MD: < 10/yr MD: �  volume, � mortality
Hosp: No relationship

10

Cebul, 1998 Medicare
Ohio

1993-1994 678 115 478 MD
Hospital
Together

30 day death
Stroke

Clinical
Indication

MD:< 21/yr
Hosp: �  62/yr

MD:No relationship
Hosp: �  62/yr 29%� death/
stroke

9

Hannan, 1998b All
New York

1990-1995 28,207 518 161 MD
Hospital
Together

Inpt death Admin
C=.715

MD: 1-4/yr
Hosp: � 100/yr

MD: 1-4/yr � mortality
Hosp: �  100/yr � mortality
MD vol more important

10

Khuri, 1999 Veterans
US sample

1991-1997 10,173 NS 93 Hospital 30 day death
Stroke

Clinical
C=.72

Hosp: <10/yr Hosp: No relationship death
or stroke

8
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ADDENDUM F: SUMMARY OF STUDIES OF VOLUME AND
OUTCOME IN ABDOMINAL AORTIC ANEURYSM SURGERY
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ABDOMINAL AORTIC ANEURYSMABDOMINAL AORTIC ANEURYSM

Study Population
Time

period Patient # MD #
Hospital

#
Unit of
analysis

Primary
outcome

Risk
adjustment
Data source

Definition of
low volume

Volume:Outcomes
Results Score

Hannan 1989 All
NY

1986 1635 508 170 MD
Hosp
Both

Inpt death Admin MD Low:<=4
           Hi: >4
Hosp
Low:<=5

Hi:>35

Mortality related to
surgeon and hosp vol;
Surgeon vol more
import.
RAMRs:
           LVP      HVP
LVH   21.9%   18.7%
HVH  19.7%    10.8%
Total  20.3%     14.7%

10

Amundsen 1990 All  AAA
Trial

Norway

1981-
1983

444 total
279 elect.

NS 26 Hosp Inpt death None 1-9;
Also
measured
volume of all
vascular
operations

Unruptured mortality
related to unruptured
vol (OR=2.7) and to
all vascular vol
(OR=2.6), but not to
ruptured vol;
Ruptured mortality
related to all vascular
vol (OR=2.5) but not
to unruptured vol;

5

Hannan 1992a All
NY

1985-
1987

1639 R
6042 U

363
to

477

155 to
169

MD
Hosp
Both

Inpt death Admin
Disease
staging

MD:0-2
Hosp:0-9;
Also
measured vol
of any aorta
operation

Unruptured mortality
related to hosp vol, not
surgeon vol;
Ruptured mortality
related to surgeon vol,
not hosp vol;
Results same for vol
of any aorta operation

10

Katz 1994 All
MI

1980-
1990

8185 U
1829 R

NS 176 Hosp Inpt death Admin Low:<21
   Hi: >=21
unruptured
Low:<5
   Hi:>=5
ruptured cases

Unruptured crude
mortality: 8.9 vs 6.2%,
(OR=1.2)
Ruptured crude
mortality: 53.6 vs
45.7%

7

Kazmers 1996 VA
US

1991-
1993

3687 NS 116 Hosp Inpt death Admin <31 OR=0.6 for all AAA 6

Wen 1996 All
Ontario

1988-
1992

1203 R
5492 U

NS 78 rupt;
70 unrup

Hosp Inpt death Admin <10 ruptured
cases for 5
yrs;<50
unruptured
cases for 5
yrs;

Unruptured AAA:
OR=0.94;
Ruptured AAA: no
relationship

8
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Rutledge 1996 All
NC

1988-
1993

1480 R
14138 total

__100 157 MD
Hosp

Inpt death
- ruptured
AAA only

Admin Continuous;
Measured vol
of ruptured
cases and vol
of unruptured
cases

MD: Ruptured AAA
mortality related to
surgeon vol of
ruptured cases but not
to surgeon vol of
unruptured cases;
Hosp: Trend, but not
significant relationship
to hosp vol of ruptured
or unruptured cases

8

Dardik 1998 All
Maryland

1990-
1995

527 226 45 MD
Hosp

Inpt death
- ruptured
AAA only

Admin MD: <10
ruptured
cases
Hosp:
<10 ruptured;
<50
unruptured

MD: Ruptured AAA
mortality related to
surgeon vol of
ruptured cases;
Hosp: Ruptured AAA
mortality unrelated to
hosp vol of ruptured or
unruptured cases

8

Manheim 1998 All
CA

1998     7327
    ruptured
    35130
    unruptured

NS 58 Hosp Inpt death Admin Low: <50
high: >=50

Unruptured: 78 vs
84%
Ruptured: 74 vs 49%

8

Pronovost 1999 All
Maryland

1994-
1996

2987 NS 46 MD
Hosp

Inpt death Admin MD:<8
Hosp:<36

MD:No relationship
Hosp: OR=1.7

8

Sollano 1999 All
NY

1990-
1995

9847 NS 195 Hosp Inpt death Admin <=14.7 OR=.782/100 cases; 8

Khuri 1999 VA
US

1991-
1997

3747 NS 123 Hosp 30 day
death

Clinical
C=.75

0-3
Also
measured vol
of all
peripheral
vascular
procedures

No relationship 9

Abbreviations:

RAMR: risk-adjusted mortality rate
LVP: low-volume physician
LVH: low-volume hospital
HVP: high-volume physician
HVH: high-volume hospital
OR: odds ratio
NS: not specified
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ADDENDUM G: SUMMARY OF STUDIES OF VOLUME AND
OUTCOME IN CANCER SURGERY
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BREASTBREAST

Study Population Time
period

Patient
#

MD
#

Hospital
#

Unit of
analysis

Primary
outcome

Risk
adjustment
Data source

Definition of
low volume

Volume:Outcomes
Results

Score

Roohan 1998 All women
NY

1984-1989 47890 NS 266 Hosp 5 yr survival Clinical Hosp:
Low: <10/yr
high:>149/yr

OR=1.6 10

Sainsbury 1995 All women
Yorkshire,
UK

1979-1988 12861 180 NS MD 5 yr survival Clinical MD: <30/yr                   Adjusted
Vol            RR Ratio
<10              1.0
10-29           0.97
30-49           0.85
>=50            0.86

11

Abbreviations:
OR: odds ratio
RR: relative risk
NS: not specified
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COLORECTALCOLORECTAL

Study Population
Time

period
Patient

#
MD

#
Hospital

#
Unit of
analysis

Primary
outcome

Risk
adjustment
Data source

Definition of low
volume

Volume:Outcomes
Results Score

Hannan 2000 All
NY

1994-1997 22128 2052 229 MD
Hosp
Both

Inpt death Admin MD:low:<12
high: >34
Hosp:low:<84
high:>253

RAMR for LVH 1.93%
> HVH;
No MD effect when
hosp volume controlled

10

Harmon 1999 All
Maryland

1992-1996 9739 812 50 MD
Hosp
Both

Inpt death Admin MD:<6/yr
Hosp:<40/yr

MD:HVS v
LVS;OR=.64
Hosp:HVH v
LVH;OR=.78
MVS at HVH/MVP
equiv to HVS;
HVS better at any hosp

10

Parry 1999 All
NW UK

1993
 (6 mos)

927 123 39 MD
Hosp

30- day
death
3-year
survival

Clinical MD:<7 in 6 mos
Hosp:<30 in 6 mos

No relationship 9

Gordon 1999 All
Maryland
Total
colectomy

1989-1997 1015 NS 51 Hosp Inpt death Admin Hosp: <10/yr No relationship 8

Porter 1998 All
Edmonton
Rectal CA

1983-1990 683 52 5 MD Local
recurrence
Disease
specific
survival

Clinical MD: <21/yr Local recurrence
HR=1.8
DSS: HR=1.4
HVP no more likely to
give adjuvant Rx;
HVP more likely to do
LAR

7

RAMR: risk-adjusted mortality rate
LVP: low-volume physician
LVH: low-volume hospital
HVP: high volume physician
HVH: high-volume hospital
MRP: medium-volume physician
DSS: disease specific survival
  NS: not specified
  HR: hazards ratio
LAR: low anterior resection
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ESOPHAGUSESOPHAGUS

Study Population

Time
period Patient

#
MD
#

Hospital
#

Unit of
analysis

Primary
outcome

Risk
adjustment
Data source

Definition of
low volume

Volume:Outcomes
Results Score

Gordon 1999 All
Maryland
(Benign and
malignant)

1989-1997 518 NS 51 Hosp Inpt death Admin Hosp: �10/yr
Volume of 6
complex GI
procedures

Vol                 RR
�10                 3.8
11-20              4.0
21-50              2.4
>200               1.0

6

Begg 1998 Medicare
US

1984-1993 503 NS 190 Hosp Inpt death Clinical Hosp:
Low:� 5/yr
high:�11/yr

Mortality 17.3 vs
3.4%

6

Patti 1998 All CA 1990-1994 1561 NS 273 Hosp Inpt death Admin Hosp:
Low:�5/yr
high:>30/yr

Mortality 17 vs  6% 8

RR: Relative Risk
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LUNGLUNG

Study Population

Time
period Patient

#
MD

#
Hospital

#
Unit of
analysis

Primary
outcome

Risk
adjustment
Data source

Definition of
low volume

Volume:Outcomes
Results Score

Hannan 2000 All
NY
Lobectomies

1994-1997 6954 373 178 MD
Hosp
Both

Inpt death Admin MD:<23/yr
Hosp:<38/yr

Hosp: RAMR for
    LVH 1.65% > HVH
MD: no relationship

10

Begg 1998 Medicare
US
Pneumo-
nectomies

1984-1993 1375 NS 313 Hosp 30-day
mortality

Clinical Hosp: <6/yr No relationship 8

Romano 1992 All
CA
All resections

1983-1986 12439 NS 389 Hosp Inpt death Admin Hosp: <9/yr Lesser resections (high
relative to low
volume):
OR=0.6
Pneumonectomy:
OR=0.6

8

Abbreviations:

LVP: low-volume physician
LVH: low-volume hospital
HVP: high-volume physician
HVH: high-volume hospital
RAMR: risk-adjusted mortality rate
OR: odds ratio

Copyright © National Academy of Sciences. All rights reserved.

Interpreting the Volume-Outcome Relationship in the Context of Health Care Quality: Workshop Summary
http://www.nap.edu/catalog/10005.html

http://www.nap.edu/catalog/10005.html


80

PANCREASPANCREAS

Study Population
Time
period

Patient
#

MD
#

Hospital
#

Unit of
analysis

Primary
outcome

Risk adjustment
Data source

Definition of
low volume

Volume:Outcomes
Results Score

Gordon 1999 All
Maryland;
Benign &
malignant

1989-1997 1092 NS 51 Hosp Inpt death Admin Hosp: �10/yr Vol                 RR
�10                 12.5
11-20              10.4
21-50              6.3
>200                1

7

Birkmeyer 1999a Medicare
US
Benign &
malignant

1992-1995 7229 NS
1772

Hosp 3 yr death Admin Hosp
Very low:<1
Low: 1-2
Hi:� 5

OR=0.69 7

Birkmeyer 1999b Medicare
US
Benign &
malignant

1992-1995 7229 NS
1772

Hosp Inpt death
30-d death

Admin Hosp
Very low:<1
Low: 1-2
Hi:� 5

Inpt death: 16% v 4.1%
    (very high 1.7%)
30-d death: 12.9 v 3.0%

7

Sosa 1998a All
Maryland

1990-1995 1236 373 48 MD
Hosp
Both

Inpt death Admin MD:
Low:<5,
Hi:>50
Hosp:
Low:<5
Hi: �20

LVH vs HVH:RR=19.3
HVH better, regardless
of MD volume

9

Begg 1998 Medicare
US

1984-1993 742 NS 252 Hosp Inpt death Clinical Low:<6
high:>10/yr

Mortality 12.9 vs 5.8% 6

Simunovic 1999 All
Ontario

1988/89 or
1994/95

842 NS 68 Hosp Inpt death
64-d death

Admin <22 LVH: OR=5.1
MVH: OR=4.5

6

Glasgow 1996 All
CA

1990-1994 1705 NS 298 Hosp Inpt death
Bleeding
Infection

Admin Low:1-5
high:>50

RAMR 14%vs. 3.5% 8

Imperato 1996 Medicare
NY

1991-94 579 NS 117 Hosp Inpt death Admin Low:1-5/yr
high:>25/yr

Mortality: 14.3 vs 2.2%
(RR 6.87)

5

Wade 1996 Dept of
Defense
US

1989-1994 130 NS 111 Hosp Inpt death None <1 Mortality
<1: 6%
1-2: 9%
>2: 9%
(no p value given)

3

Lieberman 1995 All
NY

1984-1991 1972 748 184 MD
Hosp
Both

Inpt death Admin MD:<9
Hosp:<10

MD: 6% vs 13%;
Hosp: 5% vs 18.9%;
Both: Only hospital
  volume is important

10

Gordon 1995 All
Maryland

1988-1993 501 NS 39 Hosp Inpt death Admin Low:<1-5/yr
high:>20/yr

Mortality 19% vs 2.2%
(RR=8.7)

6

OR: odds ratio; NS: not specified; RR: relative risk; and LVH: low-volume hospital.
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CANCER MISCELLANEOUSCANCER MISCELLANEOUS

Study Population Time
period

Patient # MD # Hospital
#

Unit of
analysis

Primary
outcome

Risk
adjustment
Data source

Definition
of low volume

Volume:Outcomes Results Score

Hannan
2000

All
NY
Gastrectomy
for Cancer

1994-
1997

3711 1114   207 MD
Hosp
Both

Inpt death Admin MD:1-2
Hosp:1-15

Risk-adjusted increase in
rate for lowest relative to
highest volume quartile
Hosp: 7.1%
Surgeon: 5.7%
No MD effect when hosp
volume controlled.

10

Glasgow
1999

All CA
Hepatic
resections
for Cancer

1990-
1994

507 NS 138 Hosp Inpt death Admin Low:<=2
high:>16

Risk-adjusted mortality rate:
Low: 22.7
High: 9.4%

6

Gordon
1999

All
Maryland
Biliary tract
anastomosis,
gastrectomy,
hepatic
lobectomy
(benign and
malignant)

1989-
1997

938;
705;
293

NS 51 Hosp Inpt death Admin <11
Measured vol of  6
complex GI
procedures

Biliary tract
anastomosis:adjusted
RR=5.3
Gastrectomy:no relationship
Hepatic lobectomy:adjusted
RR=4.7
6 GI procedures:
Benign: no relationship
Malignant:adjusted RR=5.2

6

Begg 1998 Medicare/US
Pelvic
exenteration,
hepatic
resection

1984-
1993

1592;
801

NS 250+ Hosp 30-day
death

Clinical Low:<1-5
high:>11

Unadjusted 30-day
mortality:
 Pelvic:3.7 vs. 1.5%
Hepatic:5.4 vs. 1.7%

7

Abbreviations:
LVP: low-volume physician
LVH: low-volume hospital
HVP: high-volume physician
HVH: high-volume hospital
NS: not specified
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ADDENDUM H: SUMMARY OF STUDIES OF VOLUME AND
OUTCOME IN CORONARY ANGIOPLASTY
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CORONARY ANGIOPLASTYCORONARY ANGIOPLASTY

Study Population
Time

period
Patient

#
MD

#
Hosp

#
Unit of
analysis

Primary
outcome

Risk adjustment
Data source

Definition of
low volume

Volume:Outcomes
Results Score

Ritchie 1999 All  US 1993-1994 163,527 NS 213 Hosp Inpt death,
CABG

Admin Hosp: __200/yr Hosp: __ vol __ death/CABG
   No assoc with death
alone

9

Maynard 1999 All  CA 1993, 1996 43,040 NS 120 Hosp Inpat death,
CABG

Admin Hosp: <85/yr Hosp: __ vol __ CABG
   No assoc with death
alone

9

Malenka 1999 All
ME,NH,VT

1994-1996 15080 47 6 MD Inpt death, MI
CABG,
Angio/clin.
success

Clinical MD: <84/yr MD: trend__ vol __
death(.09)          trend __ vol
__ MI (.065)
No relationship with
CABG

9

McGrath 1998 All
ME,NH,VT

1990-1993 12488 31 5 MD Inpt death,
CABG, MI
Angio/clinical
success

Clinical MD: __85/yr MD: __ vol __ CABG,
  Trend __ vol __ MI (.06)
  No assoc with death alone
 __ vol __ angio/clin. success

7

Hannan 1997a All
NY

1991-1994 62,670 130 31 MD
Hosp
Both

Inpt death
CABG

Clinical MD:<75/yr
Hosp:<400/yr

MD: <75/yr __
death,__CABG
Hosp:<400/yr__death,__CAB
G

13

Jollis 1997 Medicare
US

1992 119,886 6115 984 MD
Hosp
Both

Inpt death
30-day death
Inpt CABG

Admin MD: <25/yr
Hosp:<100/yr

MD: __ vol __ death/CABG
   No assoc with death
alone
Hosp:__ vol __ death,
__CABG,
    and __death/CABG

10

Philips 1995 All
CA

1989 24,856 NS 110 Hosp Inpt death
CABG

Admin Hosp: __101/yr Hosp: __ vol__ death/CABG 9

Jollis 1994 Medicare
US

1987-1990 217,836 NS 1194 Hosp Inpt death
30-day death
Inpt CABG

Admin Hosp: __46/yr Hosp: __ vol __ death
          __ vol __ CABG

8

Ritchie 1993 All
CA

1989 24,883 NS 110 Hosp Inpt death,
CABG

Admin Hosp: __200/yr Hosp: __ vol __ death/CABG
   __ vol __CABG
   No assoc with death
alone

9
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ADDENDUM I: SUMMARY OF STUDIES OF VOLUME AND
OUTCOME IN ACUTE MYOCARDIAL INFARCTION
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AMIAMI

StudyStudy Population
TimeTime

periodperiod
PatientPatient

##
MDMD

##
HospitalHospital

##
Unit ofUnit of
analysisanalysis

PrimaryPrimary
outcomeoutcome

Risk adjustmentRisk adjustment
Data sourceData source

Definition ofDefinition of
low volumelow volume Volume:Outcomes ResultsVolume:Outcomes Results Score

Thiemann 1998 Medicare
US

1994-1995 98898 NS NS Hosp 30 day
&1 yr
survival

Clinical
Process of care
Specialty
Model C=.79

Hosp: <1.4/wk Hosp:_ volume _ mortality
  _ volume by 5.5 Pts/wk,
    _ 30-survival HR=1.17
    _ 1 yr survival HR=1.05

Measured processes of care
account for 1/3 of survival
benefit

11

Casale 1998 All  PA 1993 30715 NS NS MD Inpt death Clinical
Specialty
Model C=.881

MD: _12/yr MD: high volume (>12/yr)
   _ mortality OR=.89

9

Farley 1992 All  US
(HCUP)

1980-1987 974,803 NS 426 Hosp Inpt death Admin Continuous Hosp: 10%_ volume,
   2.2%_ inpt mortality
No selective referral effect

8
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ADDENDUM J: SUMMARY OF STUDIES OF VOLUME AND
OUTCOME IN AIDS
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AIDSAIDS

StudyStudy PopulationPopulation TimeTime
periodperiod

PatientPatient
##

MDMD
##

HospitalHospital
##

Unit ofUnit of
analysisanalysis

PrimaryPrimary
outcomeoutcome

RiskRisk
adjustmentadjustment
Data sourceData source

DefinitionDefinition
of low volumeof low volume

Volume:OutcomesVolume:Outcomes
ResultsResults

ScoreScore

Bennett 1989 All
Metropolitan
CA

1986-
1987

257 NS 15 Hosp Inpt death Admin <30 AIDS
admissions per
10,000
discharges

LVH 33%
HVH 12%

2

Stone 1992 All
MA

1987-
1988

3007 NS 40 Hosp 30 day death Clinical <43 AIDS
admissions per
10,000
discharges

Adjusted RR 2.92
(low vs high)

7

Turner 1992 HCUP 1986-
1987

10538 NS 258 Hosp Inpt death Admin Continuous 4.3%_ in odds of death
for each 100-case _ in
hosp vol.

8

Bennett 1992 All
NYC

1987 3126 NS 73 Hosp Inpt death
30 day death

Admin 80 PCP
admissions

Vol              OR
<80              1.0
0.64
>239            0.67

8

Kitahata 1996 Group Health
WA

1984-
1994

403 125 NS MD Death since
dx

Clinical low:<2 high: >5
cases per MD

OR =0.57 6

Hogg 1998 All
Canada

1987-
1994

38075 NS 513 Hosp Inpt death Admin low:<1
high:>100
admissions per
year

OR=0.64 8

LVH: low-volume hospital
HVH: high-volume hospital
RR: relative risk
OR: odds ratio
NS: not specified
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APPENDIX D

When and How Should Purchasers Seek to
Selectively Refer Patients to High-Quality Hospitals?

R. Adams Dudley, M.D., M.B.A.; Richard Y. Bae, B.A.; Kirsten L. Johansen,
M.D.; and Arnold Milstein, M.D., M.P.H. 

There has been evidence for years suggesting important variations in quality among doc-
tors,1–3 hospitals,4–7 and health plans,8,9 and significant effort—such as the development of the
Health Plan Employer Data and Information Set (HEDIS) and the Consumer Assessment of
Health Plans Study (CAHPS)—has been put into measuring some aspects of quality. Despite
this, few consumers, purchasers, health plans, or providers have used this information to obtain
high quality care or excellent clinical partners.10–12 On the contrary, the available evidence sug-
gests that, when selecting among health plans, purchasers give price information much more
weight than quality information.11,13

The absence of initiatives to act on quality information may reflect a variety of factors. The
majority of patients, even those who believe quality varies among providers, are convinced that
their provider is very good.14,15 These patients may not feel the need to demand quality im-
provements. Some purchasers lack the expertise or resources to address quality concerns. Other
purchasers may believe that U.S. health care is the best in the world and that they need only en-
sure that their beneficiaries can access the system to guarantee them high quality care. However,
recent reports indicate that quality deficiencies in the United States are common and sometimes
severe.16 Thus, the clinical benefits achievable by directing patients to high quality providers
may be significant.

In this paper, we address the rationale for and implementation of selective referral. By se-
lective referral we mean the establishment of policies requiring that patients be: 1) informed that
they should go to high quality providers, 2) given a referral to a high quality provider, and 3) of-
fered coverage for the cost of using the high quality provider, even if that provider is outside the
patient’s usual network of care. The question of when and how to selectively refer patients can
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TABLE 1  On Which Hospital Characteristic Should Selective Referral
Be Based? Characteristics that Serve as Proxies for Quality

• Volume
• Teaching Status
• Level of Care (e.g., Level I Trauma Center)
• Designation by Regulatory Body or Professional Group
• Profit Status
• Outside organizations (e.g., U.S. News and World Report 100 “best hospitals”)
• Participation in Clinical Trials

be asked at several levels. Purchasers can seek to encourage patients to select the best clinicians,
hospitals, or health plans. Alternatively, health plans can direct patients to the best providers. For
the sake of exposition, and because there are ongoing initiatives at this level,17 we will focus on
purchasers attempting to ensure that their beneficiaries are referred to high quality hospitals for
specific conditions (e.g., the Pacific Business Group on Health’s program to ensure patients
needing coronary bypass go to the best hospitals). Most of the issues we describe, however, are
applicable to initiatives at and among all levels of the health system.

DETERMINING WHICH PROVIDERS ARE HIGH QUALITY:
DEFINING THE BASIS FOR SELECTIVE REFERRAL

To optimally direct patients to the highest quality providers, one would need statistically sta-
ble risk adjusted measures of both technical quality of care (especially clinical outcomes and
processes) and patient satisfaction. Unfortunately, such indices of quality are rarely available.
The clinical data needed for risk adjustment are not usually collected for claims or administrative
purposes and patient satisfaction with individual clinicians and hospitals is rarely measured at all
(CAHPS, for instance, is a measure of satisfaction with health plans). There is, however, litera-
ture suggesting that many variables may be indirect indicators of quality (Table 1). For example,
studies have shown correlation between hospitals’ outcomes and their volumes,7,18 teaching
status,19 level of care,20 profit status,21,22 designation by regulatory body or professional group,23

and participation in clinical trials.24

Both direct measurement of quality and the use of indirect indicators like volume have draw-
backs as indices of quality (and hence, as bases for selective referral). Direct measurement of
outcomes is limited, for many conditions, by hospital sample sizes that are too small to generate
annual hospital-specific quality indices.25,26 For example, in California in 1997, the majority of
esophageal cancer surgeries (94 of 169) occurred in hospitals doing 3 or fewer procedures per
year. Even a decade of data from such hospitals would not generate stable estimates of an indi-
vidual hospital’s mortality rate. On the other hand, for some conditions, reliance on hospital vol-
ume would penalize low volume hospitals that are doing well.27 Hannan et al. found a volume–
outcome relationship for coronary artery bypass grafting (CABG) in New York, but some low
volume hospitals had risk adjusted mortality rates below the mean for high volume hospitals.7

For reasons such as these, purchasers should consider carefully the circumstances under which
they would be willing to embark on a selective referral initiative.

There are also some difficult operational issues in the use of volume as a basis for referral.
An individual hospital’s volume will change frequently and can be dramatically affected by
merger with another hospital or acquisition by a hospital chain. Coupled with the usual delays in
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reporting, purchasers may have difficulty ascertaining a hospital’s true current volume. In addi-
tion, some hospitals are very closely affiliated (e.g., multiple hospitals whose medical staffs are
on the same medical school faculty) and may have the same person or people performing a single
procedure at multiple sites. It is not clear whether volumes in such cases should be combined
across sites. As more surgical procedures occur on an outpatient basis, hospitalization databases
will become less useful for determining the number of procedures performed at a particular in-
stitution. Finally, some may consider the definitions of procedures used in research, on which
policy must be based, fairly arbitrary. For example, in counting hospital volumes for esophageal
cancer surgeries, most researchers use procedure codes for esophagectomy plus a diagnosis of
cancer. Hospitals and physicians may argue, however, that esophageal surgeries done for benign
disease should count toward total volume.

Between direct measurement of outcomes and using proxies for quality like volume lie the
options of measuring compliance with process indicators (or clinical guidelines) or with struc-
tural measures (e.g., ensuring the availability of board certified physicians). However, most pro-
viders would argue that this approach should be restricted to those aspects of clinical care or
structure for which a clear link to outcomes has been established by randomized trials. Even for
common, frequently studied conditions like myocardial infarction, there are many clinical proc-
ess decisions that probably affect outcome but that cannot be made on this basis of evidence
from large randomized trials.28 Requirements that providers be certified or licensed are even
more tenuously linked to outcomes than process measures. Thus, focusing quality measurement
exclusively on process or structural variables that correlate with outcome would limit the breadth
of quality assessment and penalize providers who have identified methods for improving quality
that just happen not to have been studied yet.

CRITERIA FOR ACTION

Types of evidence required to make a decision. In Table 2 we list the categories of data that
we believe should go into a decision to pursue (or not) selective referral. The most obvious issue
is the expected clinical benefits to the patients referred. This can be measured initially by the ob-
served decrease in mortality or complications at higher quality hospitals, but some attempt
should be made to consider whether these benefits are outweighed by the clinical risks associated
with transfer. In addition, patients may find referral socially isolating if family or friends cannot
accompany them. Disruption of long-term clinical relationships with primary care providers is
also a risk.

More subtle, but just as important, is the potential for clinical costs and benefits to patients
other than those who are selectively referred. Using the volume–outcome relationship for percu-
taneous coronary angioplasty as an example, if most patients were referred to high volume hos-

TABLE 2  Types of Evidence Required to Make a Decision Regarding
Selective Referral

• Clinical Benefits to Patients Transferred
• Clinical and Social Costs to Patients Transferred
• Clinical Benefits to Other Patients at Referral Hospital
• Clinical and Social Costs to Patients who Remain at the Transferring Hospital
• Economic Implications of Changing the Marketplace Structure
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pitals, what would be the clinical implications for those patients who, either because they were
too sick to transfer or they did not wish to transfer, remain at an even lower volume hospital? In
addition, if the reduction in angioplasty volume makes it impossible for cardiologists to remain
at the low volume hospital, what happens to patients with other cardiac problems who lose ac-
cess to specialty care?

On the other hand, patients who were at high volume hospitals before selective referral may
benefit from the increased volume (if practice makes perfect) or may find that additional serv-
ices—perhaps a cardiac rehabilitation program—are available given the revenues and economies
of scale associated with higher volume. Alternatively, though less likely, the new patients may
overburden the referral hospital and quality may decline.

Purchasers should also evaluate the potential effects of selective referral on marketplace
structure and competition. Selective referral initiatives will increase the market power of pre-
ferred hospitals and, if many patients are involved, may lead to the closure of other hospitals.
This could allow preferred hospitals to raise prices. In addition, if a hospital characteristic such
as volume or teaching status becomes the basis for referral, it will create barriers to entry of new
competitors (who must either start at a high volume or immediately meet all criteria necessary to
achieve teaching status).

Level of evidence needed to make a decision. Before considering selective referral, purchas-
ers should decide what degree of statistical certainty they will want and how much clinical bene-
fit they will require to justify selective referral. On the first issue, academic statisticians tradi-
tionally prefer 95% confidence before concluding that a particular variable (administration of a
new drug, or, in this case, a policy initiative) truly affects outcome. However, selective referral
could be construed as a social policy, and the criteria for making social decisions vary depending
on the perceived consequences of failing to make the right decision. For instance, in American
criminal courts, conviction of a defendant should only occur when guilt is established “beyond a
reasonable doubt” (presumably a standard greater than 95% confidence). In American civil
courts, however, rulings are made against the defendant if the jury finds the defendant “more
likely than not” to be guilty (a standard requiring only approximately 51% confidence). Thus, in
social decisions in the United States, there is substantial variation in the proof required to initiate
an action. Purchasers, not bound by academic tradition, may very well prefer some standard
other than 95% confidence, but public discourse on this topic has been essentially nonexistent.

A related issue is the scientific characteristics of the studies on which the decision to selec-
tively refer is based. Specialty societies and consensus panels, when making recommendations
about the adoption of technologies or establishing clinical guidelines, frequently comment on the
“strength” of the evidence supporting a particular recommendation. These grades traditionally
reflect primarily study design (with randomized interventional trials given greater weight than
nonrandomized interventional trials or observational studies) and sample size, but may include
other considerations such as recruitment bias and loss to follow-up.29,30 Similar considerations
are relevant for instituting selective referral, which is essentially a change in clinical process.
However, since most studies of institutional quality are observational, it will be especially im-
portant to identify potential sources of bias, particularly with respect to referral of sicker patients
to one type of institution or another.

In terms of the level of clinical benefit required to institute selective referral, purchasers
should consider whether mortality is the only outcome of interest. For conditions with low over-
all mortality, differences in mortality may be difficult to demonstrate. However, common com-
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TABLE 3  Practical and Political Barriers to Selective Referral

• Access to Preferred Hospital in Rural Areas
• Accommodating Patient Preferences for Care Close to Home
• Ensuring Safe Patient Transfer
• Assuring Capacity at Preferred Hospitals
• Provider Acceptance of Proxies for Risk Adjusted Outcome Measures

of Quality
• Health Plan Opposition
• Possible Financial Dissolution of Hospitals

plications or processes of care could be easier to evaluate. To continue with the angioplasty ex-
ample, many investigators have been unable to identify a statistically significant relationship
between volume and mortality, but do find that the rate of “death or emergency CABG or myo-
cardial infarction” falls with increased volume.31

It may be that these two issues must be considered together. That is, if there appears to be a
mortality benefit, the required level of statistical confidence may be lower than for outcomes of
less clinical significance.

POTENTIAL BARRIERS TO SELECTIVE REFERRAL

Table 3 lists both practical and political barriers to the implementation of selective referral.
From a practical standpoint, access to preferred hospitals may be difficult, particularly for pa-
tients in rural areas. Patient preferences to stay near home, even if this involves using a lower
quality hospital, should remain paramount. This necessitates some reporting mechanism so that
health plans and medical groups bound by selective referral policies are not penalized by patient
decisions. Clinical issues that must be addressed prior to initiation of selective referral include
the determination that patients can be transferred safely and that preferred hospitals actually have
the capacity to accept the new patients.

Those doctors and hospitals who might lose patients under selective referral are likely to
lobby against such initiatives. Their arguments will probably be both technical (especially if an
indirect indicator of quality, such as volume, is used) and clinical, focused on the contributions
of the less preferred hospitals in other areas that may become collateral damage of a selective
referral initiative (e.g., the need to close an emergency room because of loss of profitable cardiac
patients). Health plans may also fight selective referral because it involves another reporting re-
quirement and limits their freedom to negotiate with all hospitals in a market.

ALTERNATIVE STRATEGIES TO IMPROVE QUALITY OF CARE

Table 4 lists several options available to purchasers interested in improving the quality of
care. Selective referral is just one such approach, and before adopting it purchasers should con-
sider all alternative strategies. We will discuss regulatory options only briefly, because these ap-
proaches have mainly fallen out of favor.27,32

Regulatory options are not within the power of the purchaser to enact directly, but purchasers
could choose to lobby for regulation or legislation. Options targeting health care facilities include
mandated regionalization and certificate of need legislation. There have been only a few in-
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TABLE 4  Alternative Strategies to Improve Quality of Care

Regulatory Strategies:
• Regulate Targeting Facilities Behavior (e.g., certificate of need, regionalization)
• Regulations Targeting Professional Behavior (e.g., scope of practice limitations)

Competition-Based Strategies (produce quality data to stimulate improvement):
• Consumer-Oriented (e.g., report cards, inclusion in the informed consent process)
• Professional-Oriented (e.g., physician education)
• Purchaser Initiatives (e.g., quality withholds or bonuses, selective referral, direct contracting)

stances of mandated regionalization programs in the United States, though it is more common in
Europe. The federal Regional Medical Program of the 1960s was an attempt to mandate region-
alization. However, the act offered no structured blueprint for regionalization, instead leaving
each region to develop its own plans.33

Regionalization was pursued primarily in perinatal care and emergency medical services, es-
pecially trauma care. Two controlled studies of perinatal regionalization showed no significant
improvement in mortality,34,35 though one study did show that the areas with regionalization had
lower morbidity.35 Passage of the Emergency Medical Services Act stimulated regionalization of
trauma care systems, and early studies suggested reductions in trauma mortality within five
years.36–38 However, these studies used historical controls, making it difficult to determine the
extent to which reductions in mortality reflected regionalization vs. secular trends in improved
trauma care nationally.37 A recent cross-sectional analysis controlling for trends in trauma mor-
tality in areas without regionalization suggests that regionalization does, in fact, lower mortality,
but the benefits develop only as the system matures over periods as along as a decade.39

Certificate of need (CON) legislation was developed as a regulatory mechanism at the state
level for review and approval of capital expenditures and service capacity expansions by health
care facilities. While CON laws could, in theory, improve access (if used to ensure capacity is
well distributed) and prevent waste, they could also limit access (and worsen outcomes) if ap-
plied too stringently. In the only study examining the effects of CON laws on hospital mortality
rates, states that had more stringent laws had higher risk adjusted mortality rates among Medi-
care inpatients.40 However, the risk adjustment methodology used was limited to age, sex, and a
small number of comorbid conditions obtained from administrative files, so this finding may not
be robust.

Scope of practice laws limit the types of clinical activity in which providers can engage, and
hence effectively limit the provision of certain services to specific types of providers. In many
states, for instance, optometrists can prescribe corrective lenses, but not medications. This effec-
tively restricts the provision of eye prescriptions to physicians, but few states limit this specifi-
cally to ophthalmologists. In theory, one could further limit scope of practice in the name of
quality (e.g., if data suggested that board certified ophthalmologists had better outcomes than
generalists in caring for patients with glaucoma), but we are aware of no such programs.

While the use of regulation to control quality has declined, programs to use physician, hos-
pital, or health plan performance reports to improve quality have become more common over the
last decades, and we focus the remainder of the paper on these. In most cases, proponents of
these initiatives expect quality improvements to be mediated through competition.41 Unfortu-
nately, there have been few evaluations of these initiatives to guide purchasers in the selection of
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a strategy. In addition, almost all studies that have been done use historical controls,41–44 and the
few studies that do not are limited by lack of risk adjustment45 or significant volume differences
between types of hospitals.23 Specific examples will be discussed below, but we first briefly re-
view the positive and negative features of various strategies categorized by target audience.

Consumer-oriented strategies, such as the publication of hospital or health plan report cards,
no intervention by the purchaser into clinical processes. However, report cards can be difficult
for consumers to understand and, where they have been published so far, appear to have been
used by only a small percentage of consumers.10,46,47

Approaches that target information to clinicians or medical associations—such as offering
educational conferences in which the quality of specific hospitals or types of hospitals are dis-
cussed or asking medical associations to certify hospitals—offer the benefit of a greater prob-
ability that the recipient audience will understand the data. However, such a strategy will inevi-
tably create conflicts of interest for clinicians at lower quality hospitals, because they risk losing
patients by referring them to other institutions. While we believe that altruism can be expected of
most clinicians, others will be unwilling to participate.

Inclusion of discussion of the quality of alternative hospitals in the informed consent process
would combine informing consumers with clinician-directed approaches. When properly carried
out, this tactic is consistent with goals of patient education and empowerment; however, it is also
dependent on clinician altruism and vulnerable to the method of presentation of the data by the
provider.

Finally, there are other methods in addition to selective referral that focus primarily on pur-
chaser-health plan relationships. For example, purchasers could offer quality withholds or bo-
nuses for health plans that can document excellent risk adjusted outcomes, without requiring the
use of preferred hospitals.48,49 This option allows health plans more contracting and implementa-
tion flexibility. However, because it is a less direct attempt to get patients to the best hospitals, it
might also mean slower improvement in clinical results.

INFLUENCE OF THE POLICY CONTEXT ON CHOICE OF STRATEGY

Both the choice of a definition of quality—Does one use risk adjusted outcomes? Process
measures? Indirect markers like volume?—and the selection of an implementation strategy from
among those listed in Table 4 will be heavily influenced by the policy context in which these de-
cisions are made. In particular, the availability of different types of quality data, the impact a
quality initiative might have on market structure, and the willingness of various stakeholders to
support quality programs are important.

In most states, hospital licensing and discharge databases already exist and can be used to
identify teaching or high volume hospitals. Currently, 42 states collect inpatient data, with 30 of
those collecting other outpatient data. All states collect at least five discharge diagnoses and pro-
cedures; many collect up to 25.50 However, since hospital outcomes and volume may vary from
year to year, policymakers (including purchasers) would be in a better position to categorize
hospitals if data from several years were acquired.

For a few conditions in a few states, risk adjusted mortality rates by hospital are available.
New York, Pennsylvania, and California, for instance, collect the clinical information necessary
to calculate risk adjusted hospital-specific CABG mortality rates. California’s system, however,
is in its first year, so clear trends in outcome are not yet discernible.

Few states have developed reliable reporting of complications or other morbidity, in part be-
cause it is not possible to distinguish, from among the list of discharge diagnoses, conditions that
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were present on admission (which should be considered risk factors for bad outcomes) vs. those
that developed during the admission (which should be considered complications or bad out-
comes). California has just begun to experiment with an indicator that diagnoses were present at
admission, but preliminary evaluations by the Office of Statewide Health Planning and Devel-
opment suggest that coding is inconsistent.

The ability to measure other health outcomes, such as quality of life and time to return to
work, would likely increase consumers’, purchasers’, and policymakers’ interest in performance
reports. However, to our knowledge, there is no source for such data at this time.

Expected changes in marketplace behavior and competition should also be considered. If one
strategy creates an imbalance of market power, policymakers may be more interested in other
alternatives. For example, if a proposal to selectively refer patients with a particular condition
only to major teaching hospitals would create markets in which plans could only contract with a
single hospital (or in which the nearest preferred hospital was very distant), it might be prefer-
able to develop risk adjusted mortality reporting instead—even at substantial administrative cost.
In general, the extent to which local clinicians and hospitals are willing to devote resources to
quality improvement will also influence one’s choice among initiatives that vary in terms of the
administrative demands placed on hospitals and plans.

IMPLEMENTATION CONSIDERATIONS

The barriers to implementation vary with the strategy used to introduce quality-based com-
petition, but we will focus on overcoming barriers to selective referral. Since much of the diffi-
culty with selective referral stems from the need to move some patients away from their families
and primary providers, programs to encourage selective referral should minimize the impact of
distance on patients. If the clinical benefits are significant, it may be worthwhile to pay for fam-
ily members to accompany patients if that will increase patient compliance with referrals. Simi-
larly, reducing the administrative demands on patients and clinicians associated with changing
hospitals may increase acceptance of the program. Finally, it may be prudent to focus initial ef-
forts in areas where success is more likely, such as urban areas with dense concentrations of both
patients and hospitals. This will reduce travel distance and facilitate communication between the
referral hospitals and primary providers.

In undertaking a program that introduces fundamental changes into the health care market, it
will be important to be flexible and to recognize the limitations of the various selective referral
strategies as well. For example, for some conditions with low overall volume (e.g., esophageal
cancer), it may be impossible to selectively refer based on direct measurement of quality. In this
case, selective referral based on minimum volume standards may be optimal. On the other hand,
for conditions in which high volume has been shown to improve outcome and for which case
loads are large enough to support outcomes measurement (e.g., CABG, in which most hospitals
do hundreds of cases a year), it may be possible to offer low volume hospitals a choice: accept
selective referral based on volume or agree to participate in direct measurement of outcomes.
Matching strategies to the clinical characteristics of different conditions will seem more reason-
able to clinicians and hospitals than choosing a universal approach.
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EXAMPLES OF THE USE OF QUALITY INFORMATION
TO INFLUENCE REFERRAL PATTERNS

Though not yet commonplace, there have been several initiatives to collect and utilize quality
information to improve care (Table 5). The organizations sponsoring these projects are primarily
state governments, private purchasers, and the Health Care Financing Administration (HCFA),
but companies that sell quality data or provide it on the Internet and profit from associated ad-
vertising also exist. Most of the programs involve the use of HEDIS, patient satisfaction surveys,
or the collection and publication of hospital-specific risk adjusted mortality rates. We will dis-
cuss these initiatives in terms of their sponsors, but in Table 5 we sort the programs discussed
below by the type of quality information produced, the target audience, and whether the target
audience is also given financial incentives to select high quality organizations.

There are several initiatives run by states. Since 1989, the New York State Department of
Health has had a Cardiac Surgery Reporting System (CSRS) through which it collects clinical
data on all patients undergoing CABG. The Department reports to hospitals both risk adjusted
mortality rates and lists of preoperative risk factors that are significantly related to mortality. In
addition, risk adjusted mortality rates for each hospital and surgeon that perform CABG are re-
leased in public reports. In each of the first four years after CSRS was introduced, actual and risk
adjusted mortality decreased. Actual mortality decreased from 3.52% in 1989 to 2.78% to 1992,
a 21% reduction. Risk adjusted mortality decreased 41% from 4.17% in 1989 to 2.45% in
1992.42 It is unknown whether public reporting of quality was the sole or predominant cause of
the mortality reduction, as there was a simultaneous nationwide trend toward lower CABG mor-
tality.51 However, comparison of the reduction in mortality in New York to national trends (done
without risk adjustment) did suggest that mortality fell faster in New York.45 If there is an effect
of public reporting, it is also impossible to know how much of this effect comes from reporting
hospital data and how much is associated with reporting individual surgeon performance.

Pennsylvania also developed a CABG mortality report in the early 1990s. Risk adjusted
mortality dropped from 3.9% to 2.9% (or 26%) between 1990 and 1993.52 In 1994–1995, the de-
crease in mortality was accompanied by a decline in charges for CABG of 3.9% from the previ-
ous year even though the number of CABG surgeries rose 25% from 1991 through 1995.53 Inter-
estingly, though intended for consumers, the report has been more useful to hospitals and
providers in improving mortality outcomes than to consumers looking for high quality providers.
Only 12% of patients undergoing CABG were aware of the report prior to surgery.10

California produces annual hospital mortality reports for myocardial infarction (MI) and is
developing reports for CABG, pneumonia, maternal outcomes, hip fracture, and intensive care
unit (ICU) patients. To date, the MI reports have not yet been used extensively by hospitals54 or
purchasers to improve quality. Missouri has an obstetrics quality public reporting system that
includes mortality, morbidity, and patient satisfaction measures. Longo et al. found that the im-
plementation of this system was associated with improvements in all measures, but this study
used historical controls.44

Private purchasers across the country also have begun to collect quality data. The 1998 Na-
tional Business Coalition on Health Survey found that many business coalitions gather data on
quality of care, incorporate financial incentives for performance into purchase contracts, or col-
laborate with plans or providers on continuous quality improvement efforts.49 Having acquired
quality data, some coalitions have attempted to stimulate quality-based competition.
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TABLE 5  Alternative Strategies to Introduce Quality Information as a Determinant of Market Behavior, with Recent Examples

Method of Introducing Data to the Market

Offer information but not financial incentives,
targeted to:

Offer information and financial incentives,
targeted to:

Quality Information Generated Patients

Physicians,
Hospitals, or
Health Systems Health Plans Patients

Physicians, Hos-
pitals, or Health
Systems Health Plans

Clinical Outcomes—Mortality CA, Cleve, DFW,
HCFA/Mort,
HlthGrade, MO,
NY, PA, U.S.
News

CA, DFW,
HCFA/Mort,
HlthGrade, MO,
NY, PA, U.S.
News

CA,
HCFA/Mort,
HlthGrade, MO,
NY, PA

Cleve,
HCFA/CtrsExcel,
HCFA/Heart

PBGH/EBHR for
CABG

Clinical Outcomes—Morbidity or
Complications

CA, Cleve, DFW,
HEDIS,
HlthGrade, MO,
St L

CA, DFW,
HEDIS, MO

CA, HEDIS,
MO

Digital, GM,
GTE

Cleve,
HCFA/CtrsExcel,
HCFA/Heart

Digital, GM,
GTE, St L

Patient Satisfaction BHCAG, Cleve,
Chicago, CAHPS,
DFW, HEDIS,
MO

CAHPS, DFW,
HEDIS, MO

CAHPS,
HEDIS, MO

Digital, GM,
GTE

Cleve,
HCFA/Heart

Digital, GM, GTE
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Process Measures HEDIS, St L HEDIS HEDIS Digital, GM,
GTE

HCFA/Heart,
HCFA/CtrsExcel

Digital, GM,
GTE, St L

Structural Measures U.S. News U.S. News HCFA/CtrsExcel

Hospital Volume PBGH/Hlthscope,
HlthGrade

HCFA/CtrsExcel Leap, GM,
PBGH/EBHR for
6 non-CABG
procedures

NOTE: (1) In compiling this table, we considered a Caesarean section procedure a complication or morbidity, not a process measure. (2) When a pur-
chaser discounted prices to employees of higher quality plans, this was considered a financial incentive to both patients and plans.

LEGEND: BHCAG = Buyers Health Care Action Group; CA = California Hospital Outcomes Project; CABG = coronary artery bypass grafting; Chi-
cago = Chicago Business Group on Health; Cleve = Cleveland Health Quality Choice; CAHPS = Consumer Assessment of Health Plans Study; DFW =
Dallas/Fort Worth Business Group on Health; Digital = Digital Equipment Corp. health benefits plan; GM = General Motors health benefits plan; GTE =
GTE, Inc., health benefits plan; HCFA/CtrsExcel = Health Care Financing Administration Centers of Excellence Program; HCFA/Heart = Health Care
Financing Administration heart transplantation approval process; HCFA/Mort = Health Care Financing Administration hospital mortality reports; HEDIS
= Health Plan Employer Data and Information Set 3.0; HlthGrade = HealthGrades.com web site; Leap = The Leapfrog Group; MO = Missouri Obstetrics
Reporting Program; NY =  New York State Cardiac Surgery Reporting System; PBGH/Hlthscope = Pacific Business Group on Health’s Healthscope
web site; PBGH/EBHR = Pacific Business Group on Health Evidence-Based Hospital Referral Program; PA = Pennsylvania Health Care Cost Contain-
ment Council; St L = Gateway Purchasing Association; U.S. News = U.S. News and World Report’s Top 100 Hospitals.
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One of the oldest such programs was Cleveland Health Quality Choice (CHQC). In 1989, a
group of large employers in the Cleveland area decided to collect hospital quality information
and use it in both public reports and direct contracting. Measures collected included risk adjusted
hospital mortality for certain conditions, cesarean section rates, and patient satisfaction. As re-
ports came out in the early 1990s, hospital mortality rates declined,43 but again only historical
controls were available. CHQC ended in 1999 when some hospitals, unhappy with the accuracy
of the quality data (especially ICU mortality measurement) and the data collection burdens and
unconvinced that purchasers were really using the data to direct patients to high quality hospitals,
withdrew from the reporting system.55

A hospital reporting system similar to CHQC has been developed by the Dallas-Fort Worth
Business Group on Health, but this program only reports the data back to hospitals and to con-
sumers, without any use of financial or volume incentives. There are plans to develop a program
to measure physician quality, but this has not been implemented.56

Since 1996, the Chicago Business Group on Health has provided public reports of patient
satisfaction with health plans as a demonstration site for the National Committee on Quality As-
surance’s satisfaction survey. An evaluation is planned but has not been published.56 In Minnea-
polis-St. Paul, the Buyers Health Care Action Group also provides patient satisfaction data to
consumers, and care systems that score well seem to gain market share.57

The Pacific Business Group on Health (PBGH) has several programs in place. On the PBGH
HealthScope web site,58 PBGH offers consumers a synopsis of the literature on volume–outcome
relationships and lists several conditions for which higher volume is associated with lower mor-
tality. The site also allows consumers to look at the condition-specific volume for hospitals in
their area.

PBGH is also attempting to encourage evidence-based hospital referral through its health
plan contracting process. With the state of California, PBGH has developed risk adjusted CABG
mortality reports and is requiring that its contracting plans report which hospitals are used for
patients undergoing CABG. In addition, based on recent reports of the potential to lower mortal-
ity in California through referral of patients away from low volume hospitals,18 PBGH is requir-
ing that health plans ensure patients with selected conditions go to high volume hospitals.

Some large employers have acted on their own to stimulate quality. General Motors (GM),
GTE, and Digital Equipment Corporation all discount the premiums employees must pay if they
choose higher quality plans from among those the company offers (based on HEDIS scores and
patient satisfaction surveys).56 This provides financial incentives both to patients in the form of
lower prices and to plans in the form of higher market share. These programs have not been for-
mally evaluated for their impact on quality of care.

The Leapfrog Group, a newly formed organization comprising many large employers (GM,
Ford, GTE, GE, and others) and purchasing coalitions (including PBGH), is also pursuing evi-
dence-based hospital referral. This organization has developed a set of health plan performance
standards that include volume standards for specific conditions, but is also considering exemp-
tions from volume standards if hospitals agree instead to participate in risk adjusted mortality
measurement.

We are aware of only one study of the impact of a selective referral program. In 1986, HCFA
created a heart transplantation program for Medicare beneficiaries. This involved a transplant
facility approval process that included a volume standard—performing at least 500 cardiac
catheterizations and 250 cardiac surgeries (of all types, not just transplants) annually. Other stan-
dards involved patient selection and management processes, resources available, reporting re-
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quirements and survival rates.59 In a study of heart transplants done at approved versus non-
approved centers, the probability of death at a Medicare-approved center was 7.0 ± 0.4% at 30
days and 16.2% ± 0.6% at one year post transplantation. For nonapproved centers, the probabil-
ity of death at 30 days was 9.2 ± 0.4% and 19.2% ± 0.6% at one year (p < .05 for both).23 This
suggests that selective referral for specific procedures can improve outcomes if the selection cri-
teria are legitimate measures of quality.

HCFA has had several other programs aimed at improving quality. In the 1980s, HCFA re-
leased hospital-specific mortality rates among Medicare patients. Hospital executives were skep-
tical about the accuracy and usefulness of the HCFA reports,60 and consumers and purchasers
appear to have paid little attention. A study of New York hospitals found no effect of mortality
on occupancy rates,61while a national study found a statistically significant but very small effect
on utilization.62 HCFA also has a Centers of Excellence program in which hospitals apply to re-
ceive this designation for CABG or orthopedic surgery. In considering applications, HCFA uses
a volume threshold, but also considers each hospital’s outcomes and evaluates institutional proc-
esses and structure.63 At this time, there have been no studies of the impact of this program pub-
lished in the peer-reviewed literature.

Some companies are discovering commercial uses for health care quality information.
HealthGrades has created a web site that evaluates hospitals, physicians, health plans, and
HMOs.64 In ranking hospitals, HealthGrades utilized the HCFA Centers of Excellence demon-
stration program minimum volume requirements for cardiac surgery and orthopedic surgery. For
the other conditions, HealthGrades.com classified the hospitals within the lowest quartile with
respect to volume as “lower volume hospitals.” HealthGrades then uses HCFA discharge data to
calculate condition-specific risk adjusted mortality rates. The data are available to consumers for
free, and the site is supported by advertising, only some of which is for health-related products.

U.S. News and World Report has been publishing ratings of hospitals since 1991. The rating
process includes mortality measurements, structural measures, and hospital volume.65 It purports
to include process measures as well, but these are based on reputational surveys. We are aware of
no evaluation of the impact of these reports on outcomes.

FUTURE DIRECTIONS

Much research is needed to better understand how best to use quality data to improve health
care. The two primary needs are to determine how best to use quality information once it is gen-
erated66 and how it is that physicians and hospitals with better outcomes achieve these results.67

As a first step in the evaluation of the use of quality information, studies of the many initia-
tives shown in Table 5 should be performed. Specific questions include whom to target for dis-
semination of quality data and whether information is enough or financial incentives are neces-
sary. An important issue that needs to be considered is whether all patients should receive the
same data, or whether, for example, patients with chronic diseases might be interested in differ-
ent information than the general population.

In performing these analyses, investigators should attempt to find better controls than the
typical “before and after” patient groups. One health plan-oriented approach would be to analyze
whether, as the plan implements, for example, selective referral to high volume hospitals for a
cancer surgery, the plan-level mortality rate falls faster than the contemporaneous state-wide
mortality rate for the same procedure.

Understanding why high performers do well will also be critical. This strategy can be applied
whether physicians or hospitals are identified as superior based on direct measurement of quality
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or based on indirect markers like volume. Initial steps to do this have focused on whether high
and low performers differ in processes that have been shown by randomized controlled trials to
improve outcomes, and this is indeed an important question. However, investigators should also
consider the possibility that better outcomes are due to differences in process that have not yet
been studied in randomized trials. As the determinants of higher quality are identified, it will be
important to assess how easily they can be transferred to institutions with lower quality. For in-
stance, if cancer centers with better surveillance procedures for chemotherapy-related bone mar-
row suppression have lower mortality, these algorithms can easily be shared with other centers
(since they involve only blood tests and diligence). If, alternatively, it appears that the cancer
centers with fewer marrow suppression-related fatalities are those that have full-time on site
board certified hematologists, it may be difficult for other centers to have enough clinical activity
to be able to support that level of hematology coverage. Answering questions like these will be
necessary to maximize the quality gain for any given investment in health care improvement.

CONCLUSIONS

The clinical impact of efforts to introduce quality as a basis of competition in the market-
place will depend greatly on the ability of purchasers or policymakers to choose a strategy ap-
propriate to a given location and to address the implementational barriers described above. In
theory, referral based on actual outcomes and processes or public reporting of quality data are
preferable to referral based on indirect indicators of quality like hospital volume. However, se-
lective referral based on volume is currently much easier to achieve. Introducing selective refer-
ral based on volume as a first step may create an impetus for developing databases that can foster
condition-specific outcome or process measurement. Further research is needed to allow com-
parison of the costs and benefits of the various strategies listed in Tables 4 and 5.

Regardless of the strategy selected, any quality improvement program should include an
evaluation component to determine that the estimates of clinical benefit on which the choice of
strategy was based were accurate. In addition, an assessment of which patients were trans-
ferred—and which were not and the reasons that patients were not transferred—must be per-
formed to ensure that the program is implemented optimally and the benefits of referral are dis-
tributed fairly. Finally, the presence of significant barriers to selective referral and other
approaches designed to introduce quality competition imply that the long-term success of such
initiatives will depend on ongoing support from purchasers and policymakers.
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