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Review of Research Relating Volume to
Outcome in Health Care

Executive Summary

A large body of research relating volume to outcome in health care has developed over the past
few decades. Numerous studies, comprising a variety of procedures, diseases, health outcomes
and health care settings, have found that the clinical outcomes of health services are better when
patients are treated by physicians or at hospitals that provide a large number of similar services.
While the underlying mechanisms of the association between volume and outcome is still subject
to debate, there is increasing interest in health policy measures intending to reduce the potential
harm caused by health care provided in low volume units, such as regionalization of certain
services to high volume centres, and public reporting of surgeon and hospital volumes.

In this report, we reviewed 161 articles that contained 313 analyses of possible volume-outcome
associations. Studies evaluated a heterogeneous group of surgical procedures, medical
interventions, health care programs, health care settings (e.g., intensive care), medical diagnoses
and health conditions, and diagnostic testing (e.g., mammography). The most common categories
were gastrointestinal operations (24.1%), vascular procedures (18.7%), diagnoses and other
health conditions (13.9%), and heart operations (11.4%). The single most commonly studied
operation was carotid endarterectomy (22 studies), followed by coronary artery bypass graft
surgery (20 studies) and percutaneous coronary intervention (17 studies).

Most studies were published after 1995 and typically analyzed data from a number of years.
Most (79.5%) were done in the United States, and 8.7% were done in Canada. Most studies were
limited to geographic regions such as states or provinces. Many studies done in the US had
exclusion criteria that may have affected their interpretation of volume-outcome associations and
their generalizability. These include the frequent use of US Medicare data, typically limited to
persons aged 65 years or older, or data from Veterans Administration hospitals that
predominantly treat male patients.

Almost every study used a cross-sectional design, which does not provide information about
causation. Innovative designs, such as quasi-experimental longitudinal designs (which measure
the effect of recent volume on outcome as volume changes over time), were infrequently used
but are probably the strongest non-experimental method available for providing evidence of a
causal association between volume and outcome.

Most studies (72.7%) used administrative data. Of the 44 studies that used clinical data derived
from observations on individual patients, only 17 (38.6%) used a prospective design. Information
on data quality was not provided in most studies (67.7%), and in studies that described data
quality, there were often important limitations such as missing data on the stage of disease in
studies of cancer treatment, and the inability to link large numbers of subjects to physicians in
studies of physician volume.



A synthesis of 313 analyses done in the 161 studies showed that 68.4% found statistically
significant associations between volume and outcome. Many of the studies that did not find a
statistically significant association had design flaws, such as low statistical power, that do not
preclude the possibility that they simply failed to detect a true association. Hospital volume was
found to be significantly associated with outcome in 67.3% of analyses, and physician volume
was significantly associated with volume in 63.3% of analyses. In fact, only 4 analyses (1.3%)
demonstrated a significant association between higher volume and poorer outcome, which is
likely a chance finding.

Across all analyses, statistically significant volume-outcome associations were demonstrated for
virtually every procedure or condition examined. Procedures that appeared not to have volume-
outcome associations in some studies almost always had evidence supporting volume-outcome
associations in other studies. In our review, we were not so much struck by the observation that
volume-outcome associations were so prevalent, but by the remarkable finding that it was
impossible to identify a health service that had been evaluated in more than one study that did
not have a volume-outcome association.

Our interviews with researchers and opinion leaders identified several research priorities. All of
the respondents felt that the descriptive literature regarding the association of volume with heath
outcome is mature, and further descriptive research on volume-outcome associations is unlikely
to move the research field forward in a way that will help inform health policy. In general,
respondents felt that future research on volume and outcome in health care should be carefully
aligned with health policy goals, and include: developing better models (that might include, in
addition to volume, measures of process of care and outcomes) for the prediction of future
outcomes of health services, examining the feasibility and consequences of regionalization
strategies, investigating the process-of-care mechanisms underlying volume-outcome
associations, extending research into defining appropriate volume thresholds for specific health
services, and using experimental or quasi-experimental methods to test the assumption of
causation for volume-outcome associations.



Introduction

Since an influential publication by Harold Luft appeared in the New England Journal of
Medicine in 1979" showing that higher procedure volume was associated with better short-term
clinical outcome for several surgical procedures, many studies have assessed the effect of
volume on outcome in health care. These studies have examined a large variety of surgical
procedures, diagnoses, clinical environments, and clinical programs. Investigators have
examined different study populations and measured several outcomes in various health care
contexts. Nevertheless, there is a striking similarity in the results of these studies: higher clinical
volume appears to be associated with improved outcome. Many observers have suggested that
the large and consistent effect seen in this large body of literature is too compelling to ignore.
There has been increasing interest in the regionalization of certain surgical procedures at high-
volume centres to improve the safety of complex surgery and other types of clinical care.*

While the observed relationship between volume and outcome is undoubtedly complex,
two theories have been proposed as possible explanations for these associations, the ‘selective
referral’ hypothesis and the ‘practice makes perfect” hypothesis.”’ Both hypotheses assume that
improved outcome in high volume units is due to better quality of care. The selective referral
hypothesis suggests that high quality centres become high volume centres because of community
recognition and more patient referrals from referring physicians. The practice makes perfect
hypothesis suggests that centres improve the quality of care they provide by improving their
processes of care due to increased experience and coordination, and by improvements in
institutional resources that occur with increasing experience.

The literature relating volume to outcome in health care has generated a considerable
amount of controversy. Health policy measures predicated on volume-outcome associations,
such as volume-based regionalization, will affect the case load of at least some low volume
physicians or institutions. Market-based strategies, such as public reporting of volumes, are
unpalatable to some low volume providers who might also be concerned about reduced access to
patients. There are also legitimate concerns about access of patients to regionalized services,
including a possible increase in travel time for some patients,® patient preferences for local care,’
and the possibility that moving some health services out of smaller hospitals may compromise
their ability to provide related care due to loss of expertise or resources.

In discussing the literature relating to volume in health care, it is important to remember
that volume by itself does not “cause” health outcomes. Rather, volume is a proxy for a complex
network of factors that are associated with outcome. Its close relationship with outcome has
caused many to regard volume as a surrogate for quality in health care. However, to the extent
that volume is a correlate of quality, it is an imperfect one, and elucidating the key structures and
processes of care that affect outcome will ultimately require better measures of quality than
volume. The reason that volume has become such a popular measure in health care relates to the
ease with which it can be measured at the level of providers (as compared with measuring
outcomes, or measuring the actual quality of care), especially with the availability of large
electronic data sources.

In this report, we present a comprehensive review of the literature relating volume to
outcome in health care. The principal objectives were to produce an exhaustive list of procedures
and medical conditions that have been studied; to describe characteristics of the studies,
including study design, source of data, data quality and general findings; and to identify current
and ongoing areas of investigation.



Methods

We sought to identify studies of any surgical procedure, intervention or other type of
health care service or program in which the outcomes of care were studied in relation to a
measure of the volume of care. Our strategy in designing an electronic search of the health
literature databases was to be as comprehensive as possible and to avoid a priori constraints
regarding the procedures and types of medical care studied. Search strategies in previous
syntheses of the volume-outcome literature have relied heavily on pre-specified procedures and
care types.’®*! Previous search algorithms were developed to identify those studies of specified
health interventions in which health care outcome was analyzed in relation to a measure of
volume.

We searched the MEDLINE and EMBASE electronic health databases, limiting study
types to human and English language, and restricted to the publication years 1980 to 2004. The
search was done by a health librarian. Initially, we searched text word and subject heading terms
related to the concepts of volume and health outcomes, such as “volume,” “frequency,”
“outcome,” “mortality,” and “survival.” Searches using combinations of these terms yielded tens
of thousands of citations. To narrow the scope of our search, we searched terms in titles only.
The search strategy is described in the Appendix.

We scanned titles and abstracts of 639 articles identified in our electronic search and
excluded articles whose principal focus was not on the evaluation of health care outcome in
relation to a measure of the volume of care (for example, many articles appearing in our
electronic search examined the outcome of a cancer treatment, typically radiotherapy, according
to the volume of tumor present before treatment). We supplemented this search with a manual
search of bibliographies of previous reviews'®** of the volume-outcome literature, bibliographies
of included citations and consultation with researchers in this area.

All articles were reviewed by a biostatistician and health researcher. We developed a data
collection form, and abstracted data from the standardized forms onto an electronic database for
further analysis.

Results

This section describes the findings of our literature review. Based on our electronic
literature search, we retrieved 184 full manuscripts. Twenty-three papers>>* were excluded
because they were editorials, position statements, articles that did not examine a measure of
volume or other types of articles in which original data were not presented. This section
describes our analysis of the remaining 161 individual articles.

Procedures and diseases

Most articles (129, 80.1%) reported on a single procedure or diagnosis. Ten articles
(6.2%) reported on 2 procedures, and 5 articles (3.1%) reported on 3 procedures. The largest
number of procedures examined in a single study was 17, which was reported in 2 articles
(1.2%).

Studies evaluated a heterogeneous group of surgical procedures, medical interventions,
health care programs, health care settings (e.g., intensive care), medical diagnoses and health
conditions, and diagnostic testing (e.g., mammography). Percentages given in the table below
relate to the total number of studies analyzed (161), and percentages in subsequent tables relate
to the number of procedures in each category.



Table 1. Procedures and conditions evaluated

Number Percent

Diagnoses and other health conditions 44 13.9
Gastrointestinal endoscopy 3 0.9
Gastrointestinal operations (excluding major pancreatic) 76 24.1
Heart operations 36 114
Lung operations 13 4.1
Neurosurgical and spinal procedures 8 2.5
Obstetric and gynecologic procedures 4 1.3
Orthopedic procedures 19 6.0
Other surgical procedures 3 0.9
Pancreatic surgery 16 5.1
Percutaneous coronary artery procedures 22 7.0
Urologic surgical procedures 13 4.1
Vascular procedures 59 18.7
Total 316 100.0

Diagnoses and other health conditions

Forty-four studies (13.9%) evaluated the effect of volume on the outcome of a health care
program, setting, medical diagnosis or health conditions, and diagnostic test. Of these conditions,
the most frequently studied were trauma care (7 studies, 15.9%), acute myocardial infarction
(AMI [“heart attack™], 6 studies, 13.6%) and care for the human immunodeficiency virus (HIV)
and the acquired immune deficiency syndrome (AIDS, 5 studies, 11.4%).

Types of care in this category included medical diagnoses for acute (acute myocardial
infarction, community-acquired pneumonia) and chronic (cirrhosis) diseases, childbirth,
intensive care (adult, pediatric, neonatal), multidisciplinary management of HIVV/AIDS and
cancer (breast and colorectal), management of trauma and injury, and mammography.

Table 2. Diagnoses and other health conditions

Number Percent

Acute myocardial infarction (AMI) 6 13.6
Birth 2 4.5
Birth, singleton at risk for neonatal intensive care unit (NICU) 2 4.5
admission

Birth, singleton attended by a family physician 1 2.3
Birth, white singleton 1 2.3
Breast cancer 1 2.3
Cirrhosis 1 2.3
Community acquired pneumonia 2 4.5
Gall bladder and ulcer, combined 1 2.3
Gall bladder diagnosis, non surgical 1 2.3
Hip fracture 1 2.3
Injury 1 2.3
Human immunodeficiency virus (HIV)/acquired immune deficiency 5 114
syndrome (AIDS)

Intensive care 2 4.5



Number Percent

Pediatric intensive care 1 2.3
Peptic ulcer 1 2.3
Pneumocystis carinii pneumonia (PCP) 1 2.3
Primary colorectal cancer 1 2.3
Reading mammograms 2 4.5
Respiratory distress syndrome 1 2.3
Respiratory distress syndrome in neonates 1 2.3
Subarachnoid hemorrhage 1 2.3
Trauma 7 15.9
Ulcer, non surgical 1 2.3
Total 44 100.0

Gastrointestinal endoscopy

Three studies evaluated the effect of the volume of gastrointestinal endoscopic
procedures (colonoscopy, endoscopic stent placement for pancreatic cancer, and endoscopic
retrograde cholangio-pancreatography [ERCP]) on outcome.

Gastrointestinal operations (excluding major pancreatic surgery)

Seventy-six studies (24.1%) examined the effect of volume on outcome after gastro-
intestinal operations. We examined pancreatic surgery separately from other gastrointestinal
operations, since there is a large literature specific to volume-outcome associations relating to
major pancreatic surgery. Some articles studied the same procedure but for different diagnoses,
contexts, or extent. For example, some articles evaluated colon surgery for cancer only, whereas
other articles studies colon surgery for any reason. Some articles on gallbladder surgery specified
operations that were done using a laparoscopic (minimally invasive) approach, and other articles
evaluated gallbladder surgery regardless of the surgical approach.

Of articles studying a specific procedure, the most commonly studied procedure was
colectomy (removal of all or a portion of the large intestine, 10 studies, 13.2%), esophagectomy
(removal of all or a portion of the esophagus, 9 studies, 11.8%), gastrectomy (removal of all or a
portion of the stomach, 7 studies, 9.2%), and cholecystectomy (removal of the gallbladder, 6
studies, 7.9%). Colectomy and cholecystectomy are common and relatively low-risk operations.
Gastrectomy and esophagectomy and less commonly done and are associated with a higher risk
of surgical complications and death.

Table 3. Gastrointestinal operations (excluding major pancreatic surgery)

Number Percent

Appendectomy 3 3.9
Biliary tract surgery 1 1.3
Biliary tract surgery, anastomosis 1 1.3
Cholecystectomy 6 7.9
Cholecystectomy and common bile duct exploration 1 1.3
Cholecystectomy, laparoscopic 1 1.3
Cholecystectomy, open 1 1.3
Colectomy 10 13.2
Colectomy without cancer 1 1.3



Number Percent

Colectomy with cancer 5 6.6
Colon or rectal resection 3 3.9
Esophagectomy 9 11.8
Esophagectomy, cancer 1 1.3
Gastrectomy 7 9.2
Gastrectomy, partial 1 1.3
Gastrectomy, total 1 1.3
Gastric bypass 1 1.3
Hepatic lobectomy 2 2.6
Hernia repair 4 5.3
Intestinal operations 2 2.6
Large bowel operations 1 1.3
Liver transplant 1 1.3
Palliative bypass for pancreatic cancer 1 1.3
Rectal resection, cancer 4 53
Rectal resection, sphincter-preserving 1 1.3
Stomach operations 2 2.6
Stomach operations, cancer 1 1.3
Stomach operations, non-cancer 2 2.6
Vagotomy 1 1.3
Vagotomy and/or pyloroplasty 1 1.3
Total 76 100.0

Heart operations

Thirty-six studies (11.4%) evaluated heart operations. The most common cardiac
operation studied was coronary artery bypass graft (CABG, 20 studies, 55.6%). Other procedures
examined included aortic and mitral valve replacement, repair of congenital heart defects and
heart transplantation.

Table 4. Heart operations

Number Percent

Coronary artery bypass graft 20 55.6

Aortic valve replacement 3 8.3
Avrterial switch operation 1 2.8
Cardiac transplant 1 2.8
Ventricular septal defect repair 1 2.8
Heart transplant 1 2.8
Mitral valve replacement 2 5.6
Open heart surgery 1 2.8
Open heart valvuloplasty 1 2.8
Repair of congenital heart defects 3 8.3
Repair of congenital heart defects, closed heart surgery 1 2.8
Repair of congenital heart defects, open heart surgery 1 2.8
Total 36 100.0




Lung operations

Thirteen studies (4.1%) evaluated lung operations. Procedures included lobectomy
(removal of a portion of one lung) and pneumonectomy (removal of an entire lung). Some
studies were limited to procedures done only for a cancer diagnosis.

Table 5. Lung operations

Number Percent

Lobectomy 3 23.1
Lobectomy or pneumonectomy 3 23.1
Pneumonectomy 4 30.8
Pneumonectomy, cancer 1 7.7
Resection, lung cancer 2 15.4
Total 13 100.0

Neurosurgical and spinal procedures

Eight studies (2.5%) examined the effect of volume on the outcome of neurosurgical and
spinal operations. The majority of these studies examined intracranial procedures.

Table 6. Neurosurgical and spinal procedures

Number Percent

Craniotomy, aneurysm or subarachnoid hemorrhage 1 125
Craniotomy, ruptured aneurysm 1 12.5
Craniotomy, unruptured aneurysm 1 125
Laminectomy 1 12.5
Resection, intracranial tumor 1 12.5
Surgical treatment unruptured intracranial aneurysm 1 12.5
Spine procedures 1 125
Trans-sphenoidal surgery 1 12.5
Total 8 100.0

Obstetric and gynecologic operations

Four studies (1.3%) evaluated volume-outcome relations for obstetric and gynecologic
operations. Three of these studies evaluated hysterectomy (removal of the uterus) and one
evaluated caesarian section.

Orthopedic procedures

Nineteen studies (6.0%) assessed orthopedic surgical procedures. The most frequent
procedure was total hip replacement (8 studies, 42.1%). Other studies assessed surgery for
fractures of the hip, femur and pelvis.

Table 7. Orthopedic procedures

Number Percent

Femur fracture 1 5.3
Hip fracture surgery 2 10.5
Hip fracture surgery with other trauma 1 5.3
Hip fracture surgery, no other trauma 1 5.3



Number Percent

Major hip and knee surgery 2 10.5

Minor hip and knee surgery 1 5.3
Pelvic fracture 1 5.3
Revision hip and knee replacement 1 5.3
Total hip replacement 8 42.1
Total knee arthroplasty 1 5.3
Total 19 100.0

Pancreatic surgery

Sixteen studies (5.1%) evaluated major pancreatic surgery. Most of these studies
examined the “Whipple” procedure, which involves removal of the head of the pancreas and
duodenum. This is an uncommon operation with a high risk of serious postoperative
complications and death.

Table 8. Pancreatic surgery

Number Percent

Pancreatectomy 4 25.0
Pancreatectomy, cancer 1 6.3
Whipple procedure 10 62.5
Whipple procedure or total pancreatectomy 1 6.3
Total 16 100.0

Percutaneous coronary artery procedures

Percutaneous procedures on the coronary arteries were evaluated in 22 studies (7.0%).
The most common specific procedure studied was percutaneous transluminal coronary
angioplasty (PTCA) a procedure done to reduce narrowing in the arteries supplying the heart.

Table 9. Percutaneous coronary procedures

Number Percent

Angioplasty and thrombolysis 2 9.1
Cardiac catheterization 3 13.6
Coronary angioplasty 1 4.5
Coronary stent placement 1 4.5
Percutaneous coronary intervention 4 18.2
Percutaneous transluminal coronary angioplasty 9 40.9
Percutaneous transluminal coronary angioplasty without stent 1 4.5
Percutaneous transluminal coronary angioplasty with stent 1 4.5
Total 22 100.0

Urologic surgical procedures

Thirteen articles (4.1%) studied urologic procedures. The most common procedures
studied were cystectomy (removal of the urinary bladder, 4 studies, 30.8%) and transurethral
resection of the prostate (TURP, 4 studies, 30.8%).



Table 10. Urologic surgical procedures

Number Percent

Cystectomy 4 30.8
Nephrectomy 3 23.1
Prostatectomy 2 154
Transurethral resection of the prostate 4 30.8
Total 13 100.0

Vascular procedures

Fifty-nine articles (18.7%) studied vascular procedures. The most commonly studied
procedure was repair of abdominal aortic aneurysm (AAA, a ballooning of the aorta, the major
blood vessel carrying arterial blood from the heart to the body), which may result in sudden
rupture and death). Of 26 articles on AAA repair, 8 included both elective and ruptured
aneurysms, 11 were restricted to elective procedures, and 7 only evaluated ruptured aneurysms.

Another common vascular procedure studied was carotid endarterectomy (CEA, a
procedure done to remove fatty deposits from major arteries supplying the brain, to reduce the
risk of stroke). Twenty-two studies (37.1%) evaluated the outcomes of carotid endarterectomy.
Other procedures examined included procedures done to improve arterial blood flow to the legs,
such as lower extremity arterial bypass (3 studies, 5.1%).

Table 11. Vascular procedures

Number Percent

Abdominal aortic aneurysm repair 8 13.6
Abdominal aortic aneurysm repair, elective 11 18.6
Abdominal aortic aneurysm repair, ruptured 7 11.9
Aorto-bifemoral bypass 1 1.7
Amputation, lower limb 3 5.1
Carotid endarterectomy 22 37.3
Endovascular therapy 1 1.7
Infrainguinal vascular reconstruction 1 1.7
Intra-abdominal artery operations 1 1.7
Lower extremity arterial bypass 3 5.1
Vascular surgery 1 1.7
Total 59 100.0

Other surgical procedures

Three studies evaluated procedures that were not easily classified according to the
procedure categories listed above. One study combined the outcomes of 9 surgical procedures,®
one examined the outcomes of pelvic exenteration (removal of the rectum, urinary bladder and
the prostate or uterus) and one examined breast cancer surgery.

10



Characteristics of the articles

Year of publication

The years of publication of the articles studied ranged from 1979 to 2004. Relatively few
studies were published prior to 1995, and many more articles have appeared in recent years. The
largest number of articles was published in 1998 (23 articles, 14.3%).

Figure 1. Number of articles published by year.
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Years covered in the analysis

Most studies examined the outcomes of procedures done over a number of continuous
years. One article compared 1996 with 1993, and one article did not mention the years covered.
The average number of months included in the articles was 48.7 (just over 4 years), with a
standard deviation of 37.1 months. The median number of months was 38, with a range from 3
months to 15 years. The 25™ and 75" percentiles were 18 months and 6 years.

Thirty-seven studies (23.1%) covered one year or less. Approximately half (48.8%)
covered between 1 and 5 years, and 28.1% covered more than 5 years.

Geography

Most studies were done in the United States (128 studies, 79.5%). The next most
common country of origin for the articles reviewed was Canada (14 studies, 8.7%). One
“international” study examined outcomes for patients of the US Department of Defense treated
in hospitals in the US and Europe.®® One “worldwide” study involved an international group of
pediatric hospitals.®® Three studies included explicit comparisons between countries, two
between the US and Canada and one between the US and UK.
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Table 12. Country of study

Country Frequency Percent
Canada 14 8.7
England 2 1.2
Europe 1 0.6
Finland 2 1.2
Germany 2 1.2
Japan 1 0.6
Netherlands 2 1.2
Norway 1 0.6
UK 3 1.9
UK/US 1 0.6
us 128 79.5
US/Canada 2 1.2
International (US based) 1 0.6
Worldwide (mostly US) 1 0.6

Among Canadian studies, 2 were done in single cities (Edmonton and VVancouver). Half
of the Canadian studies examined data from Ontario, 2 were from Quebec and 2 were from
Alberta (one of which looked at Northern Alberta). One study covered multiple provinces.

Of the 128 studies done in the US, 49 (38.3%) contained data from more than 2 states.
Fifty-eight studies (45.3%) were done in a single state. The states most commonly studied in
articles that examined one or a small number of states were California (22 studies), New York
State (20 studies) and Maryland (10 studies).

Table 13. Geographic regions studied in volume-outcome studies done in the United States

Geographic region Number Percent
One state 58 45.3
Two states 3 2.3
Three or more states 49 38.3
Single city, county, or region 13 10.2
Multiple cities 1 0.7
Cooperative region 4 3.1
Total 128 100.0

Number of study subjects

There was substantial variation in the number of study subjects included, as well as the
numbers of physicians and institutions. The median number of persons included in a volume-
outcome analysis (calculated from the 288 of the 313 analyses where it was presented) was
8,224, the median number of physicians in the 74 analyses that reported it was 226, and the
median number of institutions in the 262 analyses that reported it was 151. The table below
presents these data according to the 313 analyses included in thel61 articles.
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Table 14. Number of subjects, physicians and institutions in the studies

Unit Number of Mean Median Range Inter-quartile
Analyses (SD) Range
Subject 288 44,947 8,224 60 — 974,803 2,341 — 35,607
(115,191)

Physician 74 1,161 226 78,027 75— 825
(2,057)

Institution 262 508.5 151 14,587 41 -742
(764.3)

Age of study subjects

Most studies (104, 64.6%) were not restricted with respect to the age of study subjects.
Twenty-four (14.9%) studies were limited to adults (including 3 Veterans’ Administration
studies), 2 (1.2%) were limited to adults aged less than 65 years, 27 (16.8%) were limited to
adults aged 65 years or older (26 of which used US Medicare data) and 4 studies (2.5%) were
limited to children.

The age of included subjects is an important factor in volume-outcome studies, since
older patients are at higher risk of adverse events. Younger patients may be less sensitive to
variations in the quality of care than older patients. Therefore, studies limited to older patients
are likely to find stronger volume-outcome associations than studies that do not limit the age of
subjects.

Other restrictions of study subjects

Nineteen of 26 studies using US Medicare data used data from the entire US, while 7
were restricted to a single state (n=4), region (New England, n=1), a comparison of a high-
volume state with a low-volume state (n=1), or a subset of 5 metropolitan areas and 5 states
(n=1).

Insurance status was not an exclusion criterion in any of the studies done outside the US.
Of the US studies, 26 were restricted to subjects enrolled in the US Medicare program. Although
the US Medicare program provides health coverage for disabled persons, persons with end-stage
renal disease and persons aged 65 years or older,* all studies using Medicare data excluded
disabled subjects and those with end-stage renal disease. Two other studies were limited to
subjects with specific health insurance coverage, one based in a Health Maintenance
Organization (HMO) and one including subjects insured by the US Department of Defense.

Research design

No study used a true experimental design. Almost all analyses were cross-sectional
studies of outcome according to a measure of volume. Only one study used a design intended to
test the hypothesis that high volume is causally associated with improved outcome. This
analysis of surgery for hip fracture in Quebec used a longitudinal design, and tested whether
hospital volume in the previous year (as a logarithm-transformed continuous variable) predicted
in-hospital death or length of hospital stay. Since hospital volume changed over time, this study
was intended to test whether changes in hospital volume were causally associated with outcome
(this study found that while there was an overall association between volume and outcome,
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changes in hospital volume over time were not associated with change in the risk of adverse
outcome).

Sources of data

Of the 161 articles, 117 (72.7%) used administrative data. Forty-one of these (35.0%)
used US data with a nationwide target sample and 43 (36.8%) used data from a single US state,
most commonly California, New York or Maryland. State databases typically excluded federal
hospitals.

Forty-four studies (27.3%) used data derived from observations on individual patients
(‘clinical’ data). Of these, 17 (38.3%) were conducted prospectively, with data acquisition
occurring after the specification of a study hypothesis and study protocol. The other articles
using clinical data were either retrospective or did not provide enough information to determine
whether data were collected prospectively to test an a priori hypothesis. Five of the studies using
‘clinical’ data examined carotid endarterectomy (all retrospective), five examined trauma care
(one of which was a prospective design), and two examined care for HIV/AIDS.

Table 15. Sources of data in the articles

Source of data Number (Percent)
ADMINISTRATIVE 117 (72.7%)
US, national scope 41 (35.0%)
Medicare; Health Care Financing Administration (HCFA); Centers 17
for Medicare & Medicaid Services
Healthcare Cost and Utilization Project (HCUP); Nationwide 13
Inpatient Sample (NIS)
Commission on Professional and Hospital Activities (CPHA) 6
Surveillance, Epidemiology and End Results (SEER)/Medicare 5
linked database
US, single state database 43 (36.8%)
California 13
New York 10
Maryland 10
Other states 10
Canada, Canadian Institute for Health Information (CIHI) or Quebec 8 (6.8%)
State/provincial cancer registry 5 (4.3%)
US/Canada multiple state/province 5 (4.3%)
Other 13 (11.1%)
Not stated 2 (1.7%)
CLINICAL 44 (27.3%)
Retrospective or not clearly specified 27 (61.4%)
Prospective 17 (38.6%)
Data quality

Assessment of the quality of the data included in the studies varied. Most of the articles
(109, 67.7%) did not mention data quality assurance. Fourteen studies (8.7%) mentioned data
quality, 16 (9.9%) indicated that an examination of coding accuracy was done, and 22 studies
(13.7%) indicated a more rigorous assessment of data quality. Some articles in the latter
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category, however, are included because of data quality checks routinely done by a data
collection agency, and not an active assessment of data validity by the study investigators.

Missing data occurred in many studies. In articles examining the outcomes of cancer
surgery, data on tumor grade or location were missing in 10%, 47% and 61% of observations in
three studies that mentioned it. In studies that examined physician volume, many subjects could
not be linked to a surgeon, and many surgeons had missing data on surgeon characteristics.
Another common problem with data linkage was linking Medicare data with data in the
Surveillance, Epidemiology and End Results (SEER) program. The proportion of observations
that could not be linked ranged from a low of 6% (SEER-Medicare) to highs of 42% and 50% in
2 studies for the failure to link a physician code to individual patients. Among studies reporting
the proportion of observations for which linkage was impossible, the median and mean
percentages were 20%. Three studies using surveys to augment data in administrative databases
reported non-response rates of 14%, 15% and 60%.

Twenty-six studies mentioned missing information for variables not described above. The
proportion of missing data varied from “negligible” in one study to a high of 41%. Occasionally,
data were missing on key outcomes (such as vital status at 30 days), or important confounding
variables such as age and gender. The mean percentage of missing data (among studies that
reported it) was 7.1%, standard deviation 8.7%, median 4.5%, and inter-quartile range 2.9% to
8.0%.

Synthesis of study findings

Detailed results of the individual analyses of the studies are presented in the Appendix.
We examined the results of 313 analyses done in the 161 studies. The table lists the analyses
grouped by article, according to the first author of each article. The table also lists the date of
study publication, procedure or diagnosis, country, years of study, the number of subjects,
physicians and hospitals included, and a summary of the principal findings. To quantify the
strength of associations between volume and outcome, a P value from the test of statistical
significance from the principal analysis is included. When P values were not reported, they were
inferred where possible from other reported statistics such as standard errors. We considered a P
value of 0.05 or less to indicate a statistically significant result.

We did not perform a quantitative synthesis of the reported results of the studies, since
there was substantial heterogeneity in the way results were reported, especially in the
specification of volume categories and outcome measures. Others> have summarized results
across studies as the absolute difference in outcome between the highest and lowest volume
categories. However, this measure is sensitive to the manner in which volume categories were
defined. For example, if a study demonstrates a volume-outcome association with a linear trend
across volume categories, the absolute difference in the risk of outcome between the extreme
volume categories will be much larger if five volume categories were used than if only two or
three volume categories were used.

The majority of the analyses (214, 68.4%) showed significant associations between
higher volume and better outcome. Of the remaining 99 analyses, 11 (11.1%) were indeterminate
and 88 (88.9%) did not demonstrate a significant adverse effect of low-volume care, four of
which showed a statistically significant association of higher volume with worse outcome. Even
among the 88 analyses that did not find a significant relationship between high volume and better
outcome, the procedures or diagnoses studied were usually found to have volume-outcome
associations in other studies. We also examined analyses according to whether they measured the
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effect of hospital volume or physician volume. Among 275 analyses that examined hospital
volume, 185 (67.3%) showed a statistically significant association with outcome. Among the 98
analyses examining physician volume, 62 (63.3%) showed a statistically significant association.

Among studies evaluating diagnoses and other health conditions and health care
environments, 16 of 44 analyses (36.4%) did not find significant volume-outcome associations.
The most common analysis in this category was trauma care, with six of seven studies (85.7%)
being ‘null’. Among gastrointestinal operations, 24 of 76 analyses (31.6%) did not demonstrate
significant volume-outcome associations, including 4 of 9 analyses (44.4%) of cholecystectomy,
9 of 24 analyses (37.5%) of colon or rectal surgery, and 8 of 17 (47.1%) analyses of any type of
gastric surgery. Ten of 36 analyses (27.8%) of heart operations were ‘null’, including 6 of 20
analyses (30%) of coronary artery bypass grafting (CABG). Seven of 13 analyses (53.8%) of
major lung operations did not identify significant volume-outcome associations. Relatively few
analyses of neurosurgical and spinal procedures (1 of 8, 12.5%), orthopedic procedures (5 of 19,
26.3%), pancreatic operations (3 of 16, 18.8%), percutaneous coronary procedures (3 of 22,
13.6%), and urologic procedures (3 of 13, 23.1%) were ‘null’ comparisons. Among analyses of
vascular operations, 14 of 59 (23.7%) did not demonstrate significant associations, including 5 of
26 analyses (19.2%) of abdominal aortic aneurysm repair and 6 of 22 analyses (27.3%) of carotid
endarterectomy.

Twenty-six analyses that examined the effect of hospital and provider volume together
found that outcome was significantly associated with either hospital volume or provider volume,
but not both. Half of these studies found outcome was significantly better for subjects treated at
high-volume hospitals but not by high-volume providers, including two analyses of coronary
artery bypass graft, two of abdominal aortic aneurysm repair, two of major pancreatic surgery,
and analyses of percutaneous transluminal coronary angioplasty, carotid endarterectomy,
palliative surgery for pancreatic cancer, hysterectomy, intestinal surgery, total hip arthroplasty
and cardiac catheterization.

Thirteen of these 26 analyses demonstrated significant associations between improved
outcome and higher provider volume, but not hospital volume. These included three analyses of
acute myocardial infarction, three of abdominal aortic aneurysm repair, two of carotid
endarterectomy, and analyses of coronary artery bypass graft, aortic valve replacement,
esophagectomy, gastric surgery for morbid obesity and rectal cancer surgery.

Another 26 studies that examined the effect of hospital and provider volume together
found that improved outcome was associated with both provider and hospital volume. Therefore,
of 52 studies in which provider and hospital volume were studied together, 26 (50%) found that
improved outcome was significantly associated with both high provider and institution volume,
13 (25%) found improved outcome was significantly associated with high provider volume but
not hospital volume, and 13 (25%) found improved outcome was significantly associated with
high institution volume but not provider volume.

Four analyses showed a statistically significant association between higher volume and
poorer outcome. Two of these analyses were included in the same article. One article assessed
130 Whipple operations for cancer done between 1989 and 1994 at US Department of Defense
hospitals around the world (but mostly in the US).*® Thirty-day mortality was higher among the
third of patients treated in high-volume hospitals as compared with low-volume hospitals (9% as
compared with 6%, P<0.05). An article measuring in-hospital mortality for non-surgical care of
88,839 patients with gallbladder disease treated without surgery in 1,210 hospitals in 1972 found
a higher mortality in the high-volume hospitals, with volume categorized as a binary variable.
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One article that examined 17 procedures and diagnoses contained two analyses that showed
significant associations between higher volume and worse outcome.*® Among patients treated in
the US in 1972, higher volume was associated with a higher risk of in-hospital death for 5,049
subjects with subarachnoid hemorrhage treated in 749 hospitals, and for 80,211 subjects with
acute appendicitis treated in 916 hospitals.”® This small number of analyses with such discrepant
results might easily be explained on the basis of random error, since the long-run probability that
a typical analysis will produce a statistically significant result by chance alone (when there truly
is no difference) is approximately 5%.

Our review provides considerable evidence for the ubiquity of volume-outcome
associations for virtually every health service that has been investigated. Assuming that the lack
of negative studies is not due to a publication bias against research with negative results, one
might speculate that almost any health service subjected to sufficient scrutiny will be found to
have a volume-outcome relationship.

Current initiatives

To review current research initiatives, we contacted researchers and opinion leaders in
volume-outcome research and health policy making relating to the regionalization of health care.
We interviewed John Birkmeyer, Professor of Surgery at the University of Michigan, an
internationally recognized researcher on the effect of volume on outcome in surgical care at the
hospital and surgeon level, and an influential policy advisor in the United States. We also
interviewed Dr. Jack Tu, Team Leader, Canadian Cardiovascular Outcomes Research Team; Dr.
Terry Sullivan, Vice President of Cancer Control and Research at Cancer Care Ontario; Dr.
Bernard Langer, Senior Consultant in Surgery, Cancer Care Ontario; and representatives from
the Department of Health Care and Epidemiology, University of British Columbia.

In March 1999, Cancer Care Ontario released a report from a task force it convened to
review whether pancreatic cancer surgery should be regionalized in Ontario. The task force had
broad representation and concluded that pancreatic cancer surgery should be restricted to
surgeons with specific knowledge, skill, experience and commitment criteria, with defined
surgical training, and an annual volume of at least 10 major pancreatic cancer operations per year
(and an optimum volume of 50 operations per year). Appropriate hospital structure
characteristics were also defined. The impact of the release of this report on the distribution
pancreatic cancer surgery is uncertain, and is currently being evaluated.

Perhaps the highest-profile application of volume-outcome research to health policy has
been the “evidence-based hospital referral” initiative of The Leapfrog Group in the United
States. The Leapfrog Group is a consortium of 150 large public and private health care
purchasers representing over 40 million beneficiaries of health care in the US. The group was
founded by The Business Roundtable, and is supported by the Robert Wood Johnson
Foundation. To advance their mission of improving patient safety and raising the standards of
health care, the group proposed this initiative to refer patients requiring five procedures to
hospitals with specific volume thresholds.
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Table 16. The Leapfrog Group “Evidence-Based Hospital Referral” procedures and recommended hospital
volumes (2000 criteria)

Procedure VVolume threshold
Coronary artery bypass graft >450 /year
Percutaneous coronary intervention >400 /year
Abdominal aortic aneurysm repair >50 /year
Pancreatic resection >11 /year
Esophagectomy >13 /year

High-risk delivery:
Expected birth weight < 1500 grams
Gestational age < 32 weeks
Pre-natal diagnosis of major congenital abnormality

Neonatal ICU with
average daily census >15

In 2003, the evidence-based hospital referral guidelines were revised to include process
of care measures, such as the use of beta-blockers, internal mammary artery graft and lipid-
lowering therapy for coronary artery bypass surgery and aspirin therapy on discharge after
percutaneous coronary intervention, and direct outcome measures such as being in the lowest
quartile of operative mortality in the United States for coronary artery bypass surgery, and
participation in the Society of Thoracic Surgeons national database. In 2005, a revision of these
guidelines will include thresholds for surgeon volume in addition to hospital volume. It has been
estimated that adherence to these guidelines would save the lives of 2,581* (2000 guidelines)
and 7,818% (2003 guidelines) persons per year having surgery in the Unites States. The Leapfrog
Group guidelines have been widely disseminated and are available at www.leapfroggroup.org.

In the United States, there are several ongoing large national projects involved in the
collection of high quality data and analysis of the outcomes of surgical procedures, including the
Society of Thoracic Surgeons National Cardiac Database (available at www.sts.org), and the US
Veterans Affairs National Surgical Quality Improvement Program (NSQIP).*®

All of the respondents felt that the descriptive literature regarding the association of
volume with heath outcome is mature, and further descriptive research on volume-outcome
associations is unlikely to move the research field forward in a way that will help inform health
policy. In general, respondents felt that future research on volume and outcome in health care
should be carefully aligned with health policy goals. Important research priorities included:
developing better models (that might include, in addition to volume, measures of process of care
and outcomes) for the prediction of future outcomes of health services, examining the feasibility
and consequences of regionalization strategies, investigating the process-of-care mechanisms
underlying volume-outcome associations, extending research into defining appropriate volume
thresholds for specific health services, and using experimental or quasi-experimental methods to
test the assumption of causation for volume-outcome associations.
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Methodologic Review of Research Relating Volume to
Outcome in Health Care

Executive Summary

There were major differences among the studies with respect to methods. When measuring
volume, most studies examined the frequency of occurrence of a specific procedure or diagnosis,
and not the frequency of all related procedures or diagnoses. One hundred and thirty-nine articles
(86.3%) examined hospital volume as a possible predictor of outcome, and 67 articles (41.6%)
examined provider volume. Approximately equal numbers of studies modeled volume as a
continuous variable only (27.3%), collapsed volume into post hoc categories (30.4%) and
collapsed volume into categories according to pre-specified cut points (29.2%). The remaining
studies used a combination of approaches. Of the articles that used pre-specified cut points to
define volume categories, 68.9% selected cut-points based on the volume distribution and 8.2%
used categories based on an external standard such as the guidelines of a specialty society. The
most common number of categories used when volume was categorized into equal strata
according to the distribution of subjects was 4 (quartiles).

Death was the most common outcome measured in the studies (88.2%) and was most frequently
defined as in hospital (58.5%), followed by 30-day death (16.9%), and in hospital or 30-day
death (7.0%). Nineteen studies used survival analysis to estimate time to death. Other commonly
measured outcomes were length of hospital stay, unplanned readmission to hospital after
discharge, re-intervention, complications, costs or charges, and disease-specific measures.
Composite outcomes were occasionally used, and multiple outcomes were measured frequently.

Many patient characteristics, such as age, sex, severity of illness, comorbid medical conditions
and socioeconomic status, affect the risk of adverse outcomes of health care and should be
controlled in a study examining health outcomes. Comorbid conditions were measured in 63.4%
of studies, and when included in risk-adjustment models were entered as individual
comorbidities (44.1%), a comorbidity index such as the Charlson score (32.4%) or other index,
or a count of the number of comorbid diseases (13.7%).

Statistical analyses used in the studies we reviewed were often not conducted appropriately. The
data encountered in volume-outcome analyses have idiosyncrasies (such as clustering of
subjects, and the fact that inferences about quality are made at the level of a provider although
outcomes are assessed at the level of individual patients) which complicate the statistical
analysis. While most studies performed analyses that adjusted for potentially confounding factors
using multivariable statistical models, only 13.7% of studies used state-of-the-art methods.

The most common way in which estimates of volume effects were presented were adjusted
measures of effect, such as adjusted odds ratios, hazard ratios, or rate ratios. Among studies that
presented adjusted estimates, the other measures used were adjusted outcomes, such as the
adjusted risk of death, and observed-to-expected differences or ratios. 21.7% of studies presented
unadjusted effects.
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The substantial degree of variation we found among the methods used in the studies suggest that
there is little uniformity among investigators regarding the appropriate analysis of volume-
outcome analyses. Many studies had major methodologic problems that made it difficult to
interpret their findings. The quality of future studies would be improved by the involvement of a
methodologist in the study design and analysis, and by the use of modern analytic methods.
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Introduction

Studies investigating the outcomes of health interventions in relation to the volume of similar
interventions pose several unique challenges, including conceptual, methodological and
statistical problems. Examples of conceptual problems include selecting appropriate procedures
or health conditions for analysis, understanding the relation of volume to quality of care,
operationalizing the concept of “volume” (average versus cumulative experience), and defining a
level for the assignment of volume (for example, the physician, hospital, program, or geographic
region). Methodological problems include accounting for differences in pre-existing risk
between patients, problems with the quality and richness of the data available, and the choice of
outcome measure. Statistical problems include issues such as the specification of volume in a
statistical analysis and accounting for clustering and heterogeneity in the data typical of volume-
outcome analyses.

In this report, we present a critical methodological review of the health literature relating
volume to outcome in health care. We also present recommendations regarding appropriate
methods for the design and analysis of these types of studies.

Methods

To identify studies looking at the relation between volume of care and health care
outcomes, we conducted a systematic review of the literature. We searched the MEDLINE and
EMBASE electronic health databases, limiting study types to human and English language, and
restricted to the publication years 1980 to 2004. The search was done by a health librarian.
Initially, we searched text word and subject heading terms related to the concepts of volume and
health outcomes, such as “volume,” “frequency,” “outcome,” “mortality,” and “survival.”
Searches using combinations of these terms yielded tens of thousands of citations. To narrow the
scope of our search, we searched terms in titles only. The search strategy is described in the
Appendix.

We scanned titles and abstracts of 639 articles identified in our electronic search, and
excluded articles whose principal focus was not on the evaluation of health care outcome in
relation to a measure of the volume of care (for example, many articles appearing in our
electronic search examined the outcome of a cancer treatment, typically radiotherapy, according
to the volume of tumor present before treatment). We supplemented this search with a manual
search of bibliographies of previous reviews'®** of the volume-outcome literature, bibliographies
of included citations, and consultation with researchers in this area.

All articles were reviewed by a biostatistician and health researcher. We developed a data
collection form and abstracted data from the standardized forms onto an electronic database for
further analysis. For this analysis, we focused on methods used in the reports of the articles.

29 ¢¢

Results

This section describes the results of our methodologic review of the literature. The
analyses presented here are based on the 161 articles retrieved in our literature search.

Definition of volume

Precisely how volume was defined was often difficult to ascertain in the studies. In
general, volume appeared to be measured as “average” intensity of activity over a specified
period, and not “lifetime” volume. Use of average volume instead of lifetime volume would not
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account for any effect of cumulative experience on outcome. When measuring volume, most
studies examined the frequency of occurrence of a specific procedure or diagnosis, and not the
frequency of all related procedures or diagnoses. For example, studies of coronary artery bypass
graft (CABG) typically defined volume according to the volume of CABG, and not the volume
of CABG plus other related operations such as heart valve replacement. To the extent that skills
from experience with related procedures are transferable, use of specific-procedure volume
instead of the more general related-procedure volume may be a source of error in studies if there
is significant variation in the distribution of procedures done by providers.

Multi-year studies often referred to “annual volume” without specifying whether this
indicated the average annual volume (the total volume over the study period divided by the
number of years), or whether annual volume was calculated separately for each year. Some
studies measured volume during the year prior to the hospitalization of the person whose
outcome was being measured. The potential advantage of this latter method is that the volume
measure is more relevant to the study subject, especially if a provider or institution volume
changed over time. The definitions of volume are presented below according to the time span of
the studies. In one study, the time period was not stated.

Studies of one year or less

Forty-three studies covered a period of time of one year or less. Thirty-one of these
studies (72.1%) measured total volume, and 7 (16.3%) used the volume of Medicare patients. Six
studies (13.9%) used a different definition of volume: the ‘familiarity index’ (the number of
discharges of patients with AIDS per 10,000 hospital discharges), surgeon volume measured as
the volume in the 12 months prior to an admission (but hospital volume measured over the whole
period), patient-to-bed ratio, risk-adjusted volume, and high-risk volume. The definition of
volume was not stated in two studies.

In addition to these volume categorizations, three studies measured the volume of
patients in the same diagnostic group (for example, a study of coronary artery bypass graft also
measured volume using the total number of patients with heart disease), two studies stratified by
volume at different levels of risk, and one other study on AIDS care also used the familiarity
index in addition to volume of patients with AIDS.

Studies covering one to two years

Twenty studies fell into this category, 17 of which (85%) measured average annual
volume. One study measured volume in the year of a patient’s admission, and one measured the
average volume of Medicare patients. Finally, a study on the outcomes of AIDS care used
measures of volume, including the familiarity index in the second year of the study, volume in
the second year of the study and cumulative (lifetime) volume.

Studies covering two to five years

Of the 56 studies covering this period of time, 41 (73.2%) measured average annual
volume, 4 (7.1%) used average annual Medicare volume, 3 (5.4%) measured volume during the
12 months prior to hospital admission and 2 (3.6%) used volume in the same year as hospital
admission. Two studies compared eight different volume definitions, one study categorized
volume by type of hospital (small rural, academic, etc.) and three studies did not provide
definitions. Some studies also used other measures of volume as independent variables for the
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prediction of outcome, including the volume of all related surgical procedures, and cumulative
experience.

Studies covering longer than five years

Of 41 studies in this category, 27 (65.9%) measured average volume, 7 (17.1%)
measured volume during the year of each subject’s hospitalization and 3 (7.3%) measured
average Medicare volume. One study measured the cumulative number of subjects treated up to
the time of the hospitalization of the subject whose outcome was being assessed, one study
measured volume during the year after the time period covered in the study and one study
classified surgeons according to their higher volume in either the current year or previous year.
One study did not provide a definition of volume. In addition to these volume measures, two
studies also measured cumulative lifetime provider experience.

Level at which volume is measured

Clinical volume, as a measure of the frequency with which heath care services are
provided, can be measured at several different levels. The most obvious levels are perhaps those
of the health care provider (such as a surgeon), or an institution (such as a hospital). However,
volume of services can be measured at other levels, such as a provider group, clinical unit, health
program, hospital network or region. Which level to use for measuring volume as a predictor of
outcome depends on the purpose of the analysis and the proposed conceptual framework of the
role of physicians, programs, institutions, networks and their interactions in contributing to
health outcomes. Since many analyses of volume and outcome in health care have focused on the
role of regionalization of services or selective referral, studies have tended to focus on the level
of the provider and institution.

Overall, 139 articles (86.3%) examined hospital volume as a possible predictor of
outcome, and 67 articles (41.6%) examined provider volume. Over half of the 161 articles (94,
58.4%) looked only at hospital volume as a predictor of outcome. Forty-five articles (28.0%)
examined both hospital and provider volume, and 22 articles (13.7%) examined only provider
volume. Avrticles that evaluated only provider volume tended to be smaller studies with only one
or a few hospitals.

Table 17. Level at which volume was measured in the studies

Provider volume analyzed

Hospital volume analyzed No Yes Total

No 0 22 22 (13.7%)
Yes 94 45 139 (86.3%)
Total 94 (58.4%) 67 (41.6%) 161 (100%)

Of the 45 articles that examined institution and provider volume, 34 (75.6%) assessed the
joint effects of both institution and provider volume simultaneously (for example, by including
both institution and provider volume as independent variables in a multi-variable statistical
model). Ten of the articles assessed institution and provider volume separately, and in one article
it was not clear whether institution and provider volume were analyzed separately or jointly.

Some articles that examined hospital volume were, in effect, measuring the volume of a
clinical unit (for example, intensive care unit) or program (for example, trauma care). No study
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specifically measured the volume at other levels of analysis such as a geographic region or
regional hospital network.

Categorization of high and low volume

There are different ways of analyzing volume as potential predictor of outcome. One
approach would be to treat volume as a continuous variable. In this case, the hypothesis that
volume is associated with outcome could be tested by assessing whether outcome changes in a
linear fashion according to different values of volume. VVolume can also be treated as a
categorical variable, where providers or hospitals are grouped into categories defined by a range
of volumes. Sometimes, volume categories are defined post hoc, which can complicate the
interpretation of an analysis since it allows an analyst to select cut-points for volume categories
that optimize any volume-outcome association. A more valid method is to define volume
categories a priori, before any data have been observed. Categorization of volume has the
disadvantage of losing some information and reducing the statistical power of a study to detect
an association. On the other hand, volume categories are easier to interpret by consumers of
volume-outcome research, and analyses using volume categories are more amenable to health
policy strategies such as regionalization or selective referral.

Often, volume categories are defined according to the distribution of subjects with
respect to the volume of the provider or institution that treats them. Typically, subjects are
assigned to categories to ensure approximately equal numbers of subjects in each category,
according to the percentiles of the population (quantiles). When volume is categorized in this
fashion, the highest volume category usually contains far fewer providers or hospitals than the
lower volume categories.

Occasionally volume categories are defined on a substantive theoretical basis, for
example by external volume standards from the literature or organizational guidelines (such as
for trauma care or number of coronary bypass operations), by visual inspection of volume-
outcome curves to identify inflection points, or by using statistical techniques to determine
values of volume where the form of the relation between volume and outcome changes
substantially.

Approximately equal numbers of studies modeled volume as a continuous variable only
(44 studies, 27.3%), collapsed volume into post hoc categories (49 studies, 30.4%), and
collapsed volume into categories according to pre-specified cut points (47 studies, 29.2%). The
remaining studies used a combination of approaches. For example, some studies first modeled
volume as a continuous variable to determine whether or not there was a volume-outcome
relation, and then used volume categories to estimate risk ratios, or for a more interpretable
presentation of the results. Six studies modeled volume as a continuous variable and then used
cut-points to define volume categories on a post hoc basis; 11 studies used pre-specified cut
points to define volume categories a priori, after first determining whether there was an
association between volume and outcome by treating volume as a continuous variable. Three
studies used a combination of a priori and post hoc volume categories, for example by
categorizing hospital volume by quantiles and surgeon volume using arbitrary cut-points. In
three studies it was not possible to determine how volume was categorized.
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Table 18. Specification of volume in the studies

Was volume modeled as a continuous variable

VVolume categorization Yes No Total
Number of studies
None 44 0 44
Any
Pre-specified categories only 9 47 56
Post hoc categories only 6 49 55
Both 0 3 3
Total 59 99 158

In the table, volume categorizations done on the basis of percentiles were classified as
pre-specified, unless explicitly stated otherwise in the article (for example, one article
categorized subjects according to tertiles but only after first observing the volume-outcome
plots). Categorization done using cut-points other than percentiles or based on a volume
distribution was classified as post hoc. We did not consider volume to be categorized for the
purpose of the analysis, if volume was categorized solely for the purpose of graphical
presentation.

Of the 59 studies using volume as a continuous variable, 20 (33.9%) used a logarithmic
transformation, 9 (15.3%) used volume as a linear term and 2 (3.4%) used both (in one study,
surgeon volume was log-transformed and hospital volume was treated as a linear variable). Two
studies (3.4%) used an exponential transformation of volume (quadratic or cubic), one study
(1.7%) used a statistical smoothing procedure (robust locally weighted scatterplot smoother,
LOWESS) and one article (1.7%) modeled the reciprocal of volume. Of the remaining 24 studies
(40.7%) where volume was a continuous variable but the form was not further specified, it is
likely that volume was included as a linear term.

Of the 61 articles that used pre-specified cut points to define volume categories, 42
(68.9%) selected cut-points based on the volume distribution (quantiles or the mean volume).
Five studies (8.2%) used categories based on an external standard such as the guidelines of a
specialty society, and 2 studies (3.3%) used categories based on a previous study. Five studies
(8.2%) examined more than one type of categorization based on multiple criteria (for example, a
mix of categories based on an external standard, a previous study, and quantiles). The purpose of
these studies was typically to compare the results of studies using different volume categories.
Two studies (3.3%) categorized hospitals into a “high-volume or regional” category for
comparison with a low-volume category, 3 (4.9%) used a different method of categorization than
described above, and in 2 (3.3%) the rationale for categorization was not specified.

When quantiles were used, the number of volume categories ranged from 2 to 15 with a
median number of 3 volume categories. Twenty-eight studies used 2 categories, 32 used 3
(variably described as ‘tertiles’ and ‘terciles’), 37 used 4 (quartiles) and 11 studies used 5
(quintiles).

Very little research has evaluated optimal cut-points for defining volume categories that
are useful for informing health policy. The bulk of the research we reviewed focused on
determining whether volume-outcome associations existed, rather than selecting meaningful
categories of volume based on a substantive theoretical framework, and determining how
outcome varies according to these meaningful volume categories. There is empirical evidence
that volume thresholds used in popular guidelines do not have a rational basis.***> Rational
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selection of volume categories requires a conceptual framework of the relationship of volume-
outcome associations with health policy measures. For example, health policy measures aimed at
restricting certain types of care to only a few very high-volume centres will require different
volume thresholds than policy measures aimed only at reducing the amount of activity at
extremely low-volume units. Inspection of volume-outcome plots, and statistical procedures that
yield nonparametric estimates of the shape of volume-outcome curves, may provide valuable
information on volume thresholds associated with qualitative changes in the shape of the
volume-outcome relationship, which should be the primary focus of policy-relevant research.

Outcomes measured

Death

Overall, 142 studies (88.2%) analyzed death, as a categorical variable (yes/no), as at least
one of the outcome measures. Most frequently, death was defined as “in hospital” (83 articles,
58.5% of the 142 in which death was an outcome). Another 24 studies (16.9%) defined 30-day
death and 10 (7.0%) used in-hospital or 30-day death. Five studies (3.5%) used “operative death”
without further specification. Four studies (2.8%) used death in 30 days as a primary outcome
and death within another time period (for example, 1 year) as a second outcome. Nine studies
(6.3%) used death within some other period (14 days, 28 days, 3 months, 3 months and 1 year,
stillborn, or within 1 week for newborns).

In-hospital death is commonly used in analyses of hospitalization databases that do not
contain information on events after the hospital separation, but indicate whether death occurred
during the hospitalization. In-hospital death also has the desirable characteristic of including
subjects who died at the end of a prolonged hospitalization, since death occurring in hospital
without a discharge following a health intervention can arguably be considered an adverse
outcome. In contrast, 30-day mortality has the advantage of enumerating (for the purpose of
measuring adverse outcomes) deaths that occurred within a short time of a health intervention,
but did not occur during a hospitalization because the patient was discharged or transferred to
another hospital. However, measurement of 30-day mortality requires a data source that contains
information on out-of-hospital death, or the ability to track an individual between databases
(such as a hospitalization database and a vital statistics database) using a unique identifier or a
linkage strategy.

Nineteen studies used survival analysis to estimate time to death. Of these, 10 also
analyzed short-term mortality as a binary variable. When more than one definition of “death”
was used as an outcome measure, we considered it as a single outcome. Among the 19 studies, 9
measured time to death from any cause, and did not also look at short-term death as an outcome,
7 measured time to death from any cause, in addition to short-term death, 2 measured procedure-
or disease-specific survival in addition to short-term death, and one measured overall and
disease-specific death in addition to short-term death. In summary, death, measured either as
time to death or as a dichotomous outcome, was an outcome measure in 151 studies (93.8%),
mostly as a short-term outcome.

Length of stay, complications, and resource use

Length of hospital stay was examined in 43 studies (26.7%), and unplanned hospital
readmission during a specified period of time after discharge was examined in 5 studies (3.1%).
Re-intervention was examined as an outcome in 22 studies (13.7%). Examples of re-
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interventions were coronary artery bypass graft surgery following PCI or PTCA 16 studies,
revision following hip or knee replacement (3 studies), re-operation (1 study) and other (2
studies).

Thirty-four studies (19.3%) looked at complications. These were usually stroke and/or
myocardial infarction (MI, 13 studies). Three studies used “adverse outcome”, defined as a
stroke or death, and one study used “stroke or untoward outcome”. Nine studies used some other
specific definition for complications, and eight studies examined “any” operative complication
(that is, they did not specify what constituted a complication or did not specify complications
which were specific to the procedure).

Twenty studies (12.4%) examined cost or charges. Nine explicitly examined charges and
the rest either examined cost, or justified the use of charges as a proxy for cost on the basis that
state regulation of hospital charges (as in some studies done in Maryland) keeps constant the
charge-to-cost ratio.

A variety of other outcomes were measured in the articles we examined. Three studies of
percutaneous coronary interventions evaluated the degree of residual coronary artery stenosis.
Four studies examined discharge other than to home as an adverse outcome, and one study of the
outcomes of obstetric care used 5-minute Apgar score of less than 7 and admission to a neonatal
intensive care unit. Two studies of surgery for rectal cancer measured the number of procedures
done without a colostomy (“sphincter sparing procedures”) as a proportion of the total number of
rectal cancer operations, which otherwise involve complete removal of the rectum and anus and
require a permanent colostomy. Two studies measured the accuracy of mammogram reading, one
of which also measured the proportion of breast operations done using breast-conserving
surgery. One study measured the rates of Caesarian delivery and vaginal delivery after a prior
Caesarian section, and one study used consultation with an obstetrician as a measure of outcome.
No study examined quality of life as an outcome.

Composite outcomes (permutations of events that constitute an adverse outcome) were
measured in some studies. In two studies of percutaneous coronary interventions, either of
coronary artery bypass surgery or death was considered an adverse outcome (“CABG or death”).
In two studies that measured death as the principal outcome, death or a length of hospital stay
greater than the 90™ percentile was measured as a secondary outcome. Two studies used the
outcome of “any adverse event, including death, transfer, or complication”. One study of
percutaneous coronary interventions measured the rate of “no death, myocardial infarction, or
coronary artery bypass graft surgery, and residual stenosis less than 50%"”.

Seventy-five studies (46.6%) examined more than one outcome. Most commonly the two
outcomes of death and complications were examined (19 studies). Sixteen studies looked at
death and length of hospital stay, and eight studies measured death, length of stay and
cost/charges. Four studies with multiple outcomes did not involve death as one of the outcomes.

Measurement of pre-existing risk

Many patient characteristics, such as age, sex, severity of illness, coexisting medical
conditions and socioeconomic status, affect the risk of adverse outcomes of health care. In
studies that attempt to explain variation in patient outcome in terms of factors such as provider
volume, it is important to ensure that apparent associations between volume and outcome are not
unduly influenced by these patient-level characteristics. Importantly, patient characteristics
affecting the risk of adverse outcomes can confound the results of an analysis only to the extent
that they are distributed differently among providers or institutions. The degree to which patient
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severity of illness varies between providers and institutions is a matter of debate. However,
studies that measure and control for these factors as completely as possible have more credibility
than those studies in which confounding by differences in patient risk factors is likely. Statistical
procedures used to control for pre-existing differences in subjects risk factors between providers
are usually termed “risk-adjustment” or “case-mix adjustment”.*®

Seven articles we examined (4.3%) did not examine pre-existing patient risk factors that
might have affected outcome. A further three studies used a rudimentary method of accounting
for pre-existing risk. One study stratified subjects according to whether or not they had had an
acute myocardial infarction, one adjusted for the reason for the procedure, and one adjusted for
case complexity as a binary variable (simple/complex).

Nine studies adjusted for age and for comorbidities but did not adjust for sex, and one
study adjusted for sex and comorbidities but omitted age. The remaining studies adjusted for at
least age and sex. In some cases age and sex were not explicitly included in a statistical risk-
adjustment model because an overall risk score was calculated in which age and sex went into
the calculations of risk. One study adjusted only for age and sex but no other variables.

We assessed the proportion of studies that measured clinical factors, defined as factors
measured in individual persons by health care providers, such as such as blood pressure, left
ventricular ejection fraction, and the presence of cardiogenic shock. Twenty-five studies (15.5%)
adjusted for clinical factors.

A large majority of the studies (138, 85.7%) adjusted for acuity, comorbidities, or both.
In our analysis, we defined ‘acuity’ as a measure of the severity of the problem for which the
person was being treated, and ‘comorbidity’ as a measure of other diseases or conditions that
might affect a subject’s risk of adverse outcomes. Twenty studies (12.4%) did not adjust for
either acuity or comorbidities. Thirty-nine studies (24.2%) adjusted for acuity, 62 (38.5%)
adjusted for comorbidities and 40 (24.8%) adjusted for both. Overall, 79 studies (49.1%)
adjusted for acuity, 102 (63.4%) adjusted for comorbidity and 141 (87.6%) adjusted for
something beyond age, sex and race.

A common difficulty in the analysis of administrative data is determining whether
conditions other than the primary problem represent pre-existing comorbid diseases, or diseases
that occurred as a consequence of the care provided. The reason for this is that comorbidities are
typically measured in administrative databases by enumerating relevant codes in diagnosis fields
that indicate diagnoses other than the one associated with the presenting problem. In some
databases (for example, Medicare) pre-existing conditions are not distinguished from conditions
whose onset occurred after hospitalization. For example, a diagnosis code indicating ‘acute
myocardial infarction’ may not distinguish between pre-existing heart disease, or an acute
myocardial infarction that occurred as a complication of care. Since risk-adjustment is typically
done to “hold constant” the effect of comorbid conditions in an analysis, adjusting for
comorbidities that are actually complications will diminish estimated associations between a
measure of quality of care and outcome. Most studies using Medicare data addressed this
problem by considering only hospitalizations occurring prior to the event of interest in the
measurement of comorbidity.

Of the 102 studies that adjusted for comorbidities, 45 (44.1%) adjusted for individual
comorbidities (that is, individual comorbidities were entered into the model). The most common
comorbidity index used was the Charlson comorbidity index,*’ a measure that has been adapted
for use in administrative data analysis.*®*° Thirty-three articles (32.4%) used the Charlson index,
9 (8.8%) used some other index, and 14 (13.7%) used a count of the number of comorbidities.
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One study (1.0%) did not indicate the form that the comorbidity adjustment took. In two
instances, the “count” of the number of comorbidities was a simple none/one or more, or
one/multiple dichotomy, and in several studies the “individual comorbidities” which were
adjusted for consisted of a single condition (for example, diabetes mellitus).

Table 19. Adjustment for comorbid medical conditions in the studies in which comorbidity was measured

Method Number Percent
Individual comorbidities entered 45 441
individually
Comorbidity index
Charlson score 33 32.4
Other index 9 8.8
Count of comorbid conditions 14 13.7
Not stated 1 1.0
Total 102 100.0

Statistical analysis

Statistical model

The most common statistical method for estimating volume-outcome associations is by
use of a regression model. Fitting a regression model to a data set allows an analyst to estimate
the relationship between an exposure variable of interest (for example, volume) and an outcome,
while taking into account a number of other factors that might influence the relationship between
the exposure and the outcome.

Ten studies (6.2%) did not use a statistical model, and in two studies (1.2%), use of a
statistical model was not felt to be appropriate. In studies that used a statistical model, the form
of the model typically reflected the outcome being estimated. For example, analyses of the risk
of short-term death or other dichotomous variables usually used logistic regression, and analyses
of time to death used Cox proportional-hazards models or other survival analysis models.

There are several features of volume-outcome studies that pose important challenges for
appropriate statistical analysis. In a typical analysis, a health outcome of interest is measured at
the level of an individual patient. Since patients may differ considerably in “compositional”
characteristics that also influence the outcome of interest (such as their age, sex or severity of
illness), variation in these factors must also be accounted for in an analysis. Usually a simple
regression modeling approach is used, with provider and institution characteristics attributed to
the individual patient, and inferences of provider or institution effects are estimated in a
multivariable regression model taking other potential confounders into account.

There are several problems with this approach. First, clustering of patients within
providers and clustering of providers within institutions often results in correlation of individuals
nested within higher-level units. The resulting lack of independence of observations in a
conventional regression analysis of these data is a violation of an important assumption of
regression models, and may result in underestimation of the standard errors of regression
coefficients and therefore an overestimation of the statistical significance of apparent effects.
Second, conventional statistical models assign provider characteristics to the patient-level,
implicitly treating characteristics of the provider as though they were characteristics of the
patient. This results in artificially inflating the amount of real information that is available about
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the impact of provider characteristics on patient outcomes. Finally, heterogeneity of effects is not
explicitly modeled using conventional analysis, and may bias estimates of the regression
coefficients if a single level analysis is done.”®*

Over half the studies (91, 56.5%) used a simple model that did not adjust for the potential
of clustering of patients within hospitals and/or physicians. In this category, we also included
some studies with rudimentary analyses such as chi-square tests, in addition to studies that
analyzed data using regression models.

Studies used various methods to account for the fact that although outcomes are assessed
at the level of individual patients, inferences about quality are made at the level of a provider or a
hospital. Twenty-one studies (13.0%) used the hospital or the surgeon (in one instance) as the
unit of analysis. Twenty-two studies (13.7%) used a modeling strategy that explicitly accounted
for the clustering of patients within provider or hospital groups, either by use of hierarchical or
mixed-effects models (identified if they explicitly describe appropriate statistical procedures
such as SAS ‘PROC MIXED’ or software packages such as MLWin), or by use of generalized
linear models and general estimating equations. Fifteen studies (9.3%) recognized the problem of
clustering and used some other adjustment method of adjustment (for example, overdispersed
binomial model, robust error estimation or some other indication that clustering had been thought
of).

Evaluation of the statistical model

Since regression models vary in their ability to explain variation and to predict outcome,
it is helpful to summarize the performance of a statistical model. Two important properties of
regression models in the analysis of health care outcomes are discrimination and calibration.
‘Discrimination’ refers to the ability of a model to distinguish between subjects who experience
an adverse outcome and those who do not, and may be measured by summary statistics such as a
C-statistic. ‘Calibration’ refers to how closely the outcomes predicted by a model match the
actual outcomes of subjects in the analysis, and is often summarized using a Hosmer-Lemeshow
goodness of fit test (which compares predicted and observed outcomes according to deciles of
predicted risk estimated by a logistic regression model).

Overall, 47 studies (29.2%) reported using some sort of goodness of fit or diagnostic
evaluation of the statistical model used. In the 161 studies, 28 (17.4%) reported a C-statistic
and/or an R-square value. Thirteen (8.1%) performed a Hosmer-Lemeshow goodness-of-fit test,
and three (1.9%) checked the proportional hazards assumption of the Cox survival analysis.
Twelve studies (7.5%) performed sensitivity analyses, analyzed subsets or used a validation
sample to check the model for robustness in some way. Six studies (3.7%) reported some other
form of model diagnostic evaluation (for example, assessed the residuals or examined for
outliers).

Presentation of results

We used a hierarchical classification for the presentation of the results of the volume-
outcome analysis in the studies we reviewed. If an article reported adjusted effects of any sort,
we classified them as reporting adjusted effects. We defined adjusted measures as an ‘adjusted
measure of effect’ (a measure of the degree to which the risk of an outcome changes according to
different levels of volume, such as odds ratios, relative risks, rate ratios or hazard ratios), or an
‘adjusted outcome’ (a measure of the adjusted risk of the outcome according to volume
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categories). Studies that reported both adjusted effects and adjusted outcomes were classified as
reporting adjusted measures of effect.

Almost half of the articles (77, 47.8%) reported adjusted effects. The reported measure of
effect depended on the outcome and the model form (for example, odds ratios were estimated
from logistic regression models and hazard ratios were estimated from Cox proportional-hazards
models. Thirty-three studies (20.5%) reported adjusted outcomes. Thirteen (8.1%) reported
observed/expected differences or observed/expected ratios. These studies generally reported
indirectly standardized rates, or used the Z-score or two-stage approach, in which the difference
between observed and expected deaths is determined for each hospital, based on patient risk
factors. Thirty-five studies (21.7%) did not report adjusted results, but reported raw rates, or
showed the results graphically. Three studies (1.9%) used some other form of reporting.

Table 20. Measure used to present the results of the volume-outcome analysis in the studies

Measure of estimated effect Number Percent
Adjusted measure of effect 77 47.8
Adjusted outcome 33 20.5
Observed-expected difference or ratio 13 8.1
Unadjusted outcome 35 21.7
Other 3 1.9
Total 161 100.0

Recommendations

Defining ‘best practices’ for volume-outcome research depends, to a large extent, on the
goal of the research. In general, studies may seek to determine whether a volume-outcome
association exists or may seek to predict the effect on health outcomes of altering the distribution
of low volume providers or institutions. In either case, large datasets are usually required to
provide stable estimates of relatively infrequent outcome events. Practically speaking, this
implies the use of administrative data, although there are now several sources of augmented data
sets, clinical databases and large voluntarily-reported procedure registries that are potential
sources of high-quality data.

If the goal of an analysis is simply to test whether an association exists, volume should be
specified initially as a continuous variable. If volume is categorized for an analysis, the
categories should be specified a priori and ideally should reflect a meaningful theoretical
framework rather than simply be based on the distribution of subjects among units with different
clinical volumes. If volume is measured as total volume or average volume over a study period,
there should be evidence that volume did not vary substantially over the study period. If volume
does vary substantially, a more current measure of volume, such as provider volume during the
12 months prior to the treatment of each study subject, should be used. Outcomes should be
selected carefully, and the choice of outcome should reflect an understanding of the importance
of volume and related factors on the risk of adverse outcome. Statistical analysis should account
for the possible confounding effects of all important measurable risk factors such as age, sex,
comorbid conditions, severity of presenting illness, acuity and potentially also measures of
socioeconomic status and race. Comorbid diseases should appear in risk adjustment models only
if they reflect pre-existing disease and not complications or adverse effects of medical care.
Incorporation of clinical data into the risk adjustment model may improve the model
discrimination and fit, but there is no evidence that use of more detailed clinical data
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substantially affects the results of volume-outcome analyses. Analyses should account for the
effect of clustering of subjects within providers and institutions. If provider volume is assessed in
addition to hospital volume, a statistical model should account for both provider and hospital
volume jointly, including their possible interaction effects, and preferably using a hierarchical or
mixed model to model possible heterogeneity in outcome between different providers.

In studies linked closely to health policy measures such as regionalization, selection of
the procedures and health conditions of interest and the choice of outcome are extremely
important. Volume cut points defining low-volume units must be considered carefully and
should balance the goals of regionalization with feasibility and the geographic distribution of
hospitals and the population.

Studies seeking to determine whether there is a causal association between volume and
outcome should use a design other than the cross-sectional design used in virtually all volume-
outcome analyses. An excellent design to test hypotheses about causation is a quasi-experimental
design, where the outcome of each study subject is assessed according to the current volume of
the provider or hospital. Especially in cases where volumes change substantially over time, a
quasi-experimental longitudinal design provides an excellent means of controlling for confound-
ing factors and testing whether secular changes in volume within a hospital result in changes in
outcome.
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Appendices
Appendix 1. Search Strategy

We searched MEDLINE and EMBASE, limited to English-language studies done on human
subjects, publication years 1980 to April 2004.

Search 1:
(volume [ti] OR frequent [ti] OR frequency [ti] OR statistics [ti]) AND (outcome [ti] OR
outcomes [ti])

Search 2:
volume [ti] AND mortality [ti]

Search 3:
volume [ti] AND survival [ti]
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Appendix 2. Summary of the Results of the Studies

Number of
Author Pub  Procedure or Diagnosis  Country  Study Subj Phys Hosp Results/fComments P-value
Year Years
Luft* 1979  Open heart surgery us 1974-75 27,471 587 Qutcome improves with higher volume. <0.001
Vascular surgery us 1974-75 44,786 1,309 Outcome improves with higher volume. <0.001
TURP us 1974-75 86,714 1,217 Outcome improves with higher volume. <0.001
CABG uUs 1974-75 17,165 182 Outcome improves with higher volume. <0.001
Colectomy us 1974-75 36,083 1,390 Outcome improves with higher volume. <0.001
Biliary tract surgery us 1974-75 8,957 1,278 No relationship between volume and NS
outcome.
Total hip replacement uUs 1974-75 16,339 804 Outcome improves with higher volume. <0.001
AAA uUs 1974-75 4,624 692 Outcome improves with higher volume. <0.001
Vagotomy and/or uUs 1974-75 4,316 938 No relationship between volume and NS
pyloroplasty outcome.
Cholecystectomy and uUs 1974-75 3,580 894  Outcome improves with higher volume. <0.05
incision of common bile
duct
Vagotomy us 1974-75 8,704 1,108 No relationship between volume and NS
outcome
Cholecystectomy us 1974-75 162,572 1,481 No relationship between outcome and NS
volume
Luft® 1987 AAA us 1972 6,065 736  Supports a selective referral effect.
AMI uUs 1972 98,066 906 Supports practice makes perfect.
Cirrhosis uUs 1972 24,228 913 No relationship between volume and
outcome
Fractured femur uUs 1972 46,468 910 Supports a selective referral effect.
Peptic ulcer uUs 1972 142,870 913 Supports a selective referral effect.
Respiratory distress us 1972 16,373 770 Supports practice makes perfect.
syndrome
Subarachnoid us 1972 5,049 749 Inverse referral effect (poorer outcomes
hemorrhage with increased volume).
Angiography and cardiac ~ US 1972 26,678 360 ? (missing from outcome table).
catheterization
Appendectomy us 1972 80,211 916 Inverse referral effect (poorer outcomes
with increased volume).
CABG us 1972 5,172 114 Supports a selective referral effect.
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Number of

Author Pub  Procedure or Diagnosis  Country  Study Subj Phys  Hosp Results/Comments P-value
Year Years
Cholecystectomy us 1972 102,917 914 Supports practice makes perfect.
Hernia repair us 1972 134,497 920 No relationship between outcome and
volume.
Hysterectomy us 1972 180,464 915 Supports both practice makes perfect and
selective referral.
Intestinal operations us 1972 36,860 898 Supports practice makes perfect.
Stomach operations us 1972 24,072 864  Supports practice makes perfect.
Total hip replacement us 1972 20,429 730 Supports both practice makes perfect and
selective referral.
TURP us 1972 657 756  Supports a selective referral effect.
Flood® 1984  Intra-abdominal artery us 1972 9,532 645 Outcome improves with higher volume. <0.001
operations
Total hip replacement uUs 1972 13,424 702 Results not given.
Gallbladder operations uUs 1972 130,749 1,196 Outcome improves with higher volume. <0.005
Stomach operations for uUs 1972 26,688 1,100 No effect of volume on outcome. > 0.05
ulcer
Large bowel operations uUs 1972 16,110 984 Results not given.
Hip fracture surgery with  US 1972 6,925 886 Results not given.
other trauma
Hip fracture surgery, no us 1972 52,368 1,169 No effect of volume on outcome. > 0.05
other trauma
Amputation of lower us 1972 10,267 973  Outcome improves with higher volume. <0.05
limb
Amputation of lower uUs 1972 881 217 Results not given.
limb with current trauma
Stomach operations, uUs 1972 1,500 377 Results not given.
cancer diagnosis
Stomach operations, non-  US 1972 7,148 875 Results not given.
cancer
Large bowel operations, us 1972 17,872 1,040 Outcome improves with higher volume. <0.05
cancer
Large bowel operations, us 1972 6,575 858 Results not given.
other diagnoses
Pelvic fracture us 1972 18,033 1,113 Results not given.
Femur shaft fracture us 1972 13,677 976 Results not given.
Gall bladder diagnosis, us 1972 88,839 1,210 Outcome worsens with higher volume. <0.05
non-surgical
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Number of

Author Pub  Procedure or Diagnosis  Country  Study Subj Phys  Hosp Results/Comments P-value
Year Years
Ulcer diagnosis, non us 1972 138,268 1,214 No relationship between volume and >0.05
surgical outcome.
Flood® 1984 9 categories of surgical us 1972 266,944 1,196 Outcome improves with higher volume. 0.0001
patients, combined
Gall bladder and ulcer, us 1972 227,107 1,215 Outcome improves with higher volume. 0.0001
combined

Thiemann®® 1999 AMI us 1994-95 98,898 nfa  Outcome improves with higher volume. <0.001

Sainsbury®’ 1995 Invasive breast cancer England  1979-88 12,861 180 nfa Outcome improves with higher volume, ~0.0004

surgeon.

Simunovic®® 2000 Resection, rectal cancer Canada 1990 1,072 124 No relationship between volume and

outcome.

Brook™ 1990 Carotid endarterectomy uUs 1981 1,171 n/a n/a  No relationship between volume and 0.9

outcome.

Karp® 1998 Carotid endarterectomy uUs 1993 1,945 n/a Outcome improves with higher volume. 0.02 for the
effect of
volume
using a chi-
square
trends test
(i.e., not
adjusted)

Roohan®* 1998  Surgery for breast cancer  US 1984-89 47,890 266 Outcome improves with higher volume. < 0.0001

Simons® 1997  Sphincter-sparing us 1988-92 1,731 Outcome improves with higher volume. <0.001

procedures, resection

Schrag® 2000 Resection, colon cancer uUs 1991-96 27,986 611 Outcome improves with higher volume. <0.001

Malenka® 1999 PCI us 1994-96 15,080 47 5 No relationship between volume and non-

outcome. emergency
CADG, p=
0.051
Ml:p=
0.065
Mcgrath® 2000 PCI, adjusting for use of ~ US 1997 167,208 6,534 1,003 Low physician volume increases risk of <0.001

coronary stent

CABG, no effect on mortality.
Low hospital volume increases risk of

mortality, no effect on CABG, independent

of use of stent.
Hospital volume more important than
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Author Pub  Procedure or Diagnosis  Country  Study Subj Phys  Hosp Results/Comments P-value
Year Years
physician volume, when looking at the
combined mortality/CABG outcome.
Hannan® 1991 CABG us 1989 12,448 126 30 Outcome improves with higher volume, Better
surgeon and hospital. outcomes
with both
higher
surgeon
volume and
higher
hospital
volume
Ho®’ 2000 PTCA uUs 1984-96 353,488 129 Outcome improves with higher volume.
Hsia® 1998  Carotid endarterectomy us 1985-96 900,000 2,700 Outcome improves with higher volume. <0.001
Hamilton® 1998 Hip fracture surgery Canada 1990-93 7,483 68 No relationship between volume and 0.22 for
outcome. LOS, 0.33
for death
Farley” 1992 AMI us 1980-87 974,803 426 Outcome improves with higher volume. <0.0001
Hernia repair us 1980-87 37,041 330 Increased volume within a hospital leadsto ~ 0.032
reduced mortality
CABG uUs 1980-87 146,890 62 Increased volume within a hospital leadsto < 0.0001
reduced mortality; correlation between
volume and the residuals indicates selective
referral.
Total hip replacement uUs 1980-87 130,494 337 No effect of volume on outcome. 0.16
Respiratory distress us 1980-87 56,014 222 Increased volume within a hospital leadsto ~ 0.039
syndrome in neonates reduced mortality.
Bennett"* 1989  PCP infection us 1986-87 257 15 Outcome improves with higher volume. <0.01
Bennett' 1992  PCP infection us 1987 3,126 73 Outcome improves with higher volume. <0.001
Stone” 1992 AIDS us 1987-88 300 41 Outcome improves with higher volume. <0.05
Turner’ 1992 AIDS us 1986-87 10,538 258 Outcome improves with higher volume. 0.009
Hogg" 1998 AIDS Canada 1987-93 38,075 513 Outcome improves with higher volume. 0.014
Cunningham’ 1999  AIDS us 1994 7,901 333 <0.0001
Ritchie’’ 1993 PTCA us 1989 24,883 110 No relationship between volume and For CABG,
outcome. <0.001;
for
mortality
0.42 for
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AMI and
0.98 for
non-AMI
groups

Ritchie™ 1999 PTCA us 1993-94 163,527 214 Outcome improves with higher volume. <0.01

Jollis™ 1994 PTCA us 1987-90 217,836 1,194 Outcome improves with higher volume. <0.001

Jollis®® 1997  Coronary angioplasty us 1992 97,478 6,115 984 Outcome improves with higher volume, <0.001

hospital.
No relationship between volume and
outcome, surgeon.

Phillips® 1995 PTCA us 1989 24,856 110 Outcome improves with higher volume. <0.001
for all
outcomes?

Hannan® 1997 PTCA us 1991-94 62,670 31 Outcome improves with higher volume.

Maynard® 1999 PTCA us 1993, 39,195 No relationship between volume and <0.001

1996 outcome.

Showstack®* 1987 CABG us 1983 18,996 77  Outcome improves with higher volume. Poor
outcome:
<0.001

Hannan® 1989 CAGB us 1986 9,774 353 27  Outcome improves with higher volume,

hospital.
Outcome improves with higher volume,
surgeon.

AAA uUs 1986 1,635 508 170 Outcome improves with higher volume,
hospital.
Outcome improves with higher volume,
surgeon.

Partial gastrectomy uUs 1986 1,342 828 216 Outcome improves with higher volume,
hospital.
Outcome improves with higher volume,
surgeon.

Colectomy us 1986 10,297 1,997 250 Outcome improves with higher volume,

hospital.
Outcome improves with higher volume,
surgeon.
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Cholecystectomy us 1986 25,091 2,322 Outcome improves with higher volume,
hospital.
Outcome improves with higher volume,
surgeon.
Grumbach® 1995 CABG us/ 1987-89 43,837 In NY and CA, adjusted mortality decreased NY, CA
Canada as volume increased. < 0.001.
In Canada (no very low-volume hospitals) Canada
there was no volume-outcome effect. 0.59
Shroyer®’ 1996 CABG us 1987-92 22,021 No relationship between volume and Patient
outcome. level
analysis:
0.10
Sollano® 1999 CABG us 1990-95 97,137 No relationship between volume and
outcome.
AAA elective uUs 1990-95 9,847 Outcome improves with higher volume, <0.001
hospital.
Repair of congenital heart US 1990- 7,199 Outcome improves with higher volume, <0.001
defects 1995 hospital.
Hannan® 1998 Repair of congenital heart US 1992-95 7,169 Outcome improves with higher volume,
defects hospital.
Outcome improves with higher volume,
surgeon.
Jenkins® 1995 Repair of congenital heart US 1989 2,833 Outcome improves with higher volume, Mortality
defects hospital. 0.01
Edwards™ 1991 Carotid endarterectomy uUs 1979-88 11,199 Outcome improves with higher volume, Physician
hospital. volume:
Outcome improves with higher volume, 0.02 for
surgeon. mortality,
0.008 for
stroke, <
0.001 for
LOS and
cost.
Hospital
volume: <
0.001 for
LOS and
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0.004 for
cost.
Cebul® 1998 Carotid endarterectomy us 1983-84 678 478 115 Outcome improves with higher volume, 0.006
hospital.
No relationship between volume and
outcome, surgeon.
Fisher® 1989 Carotid endarterectomy us 1983-84 2,089 139 Outcome improves with higher volume, 0.03 when
hospital. volume
modeled as
continuous
variable.
Hannan® 1998 Carotid endarterectomy uUs 1990-95 8,207 462 153 Outcome improves with higher volume, <0.05
hospital.
Outcome improves with higher volume,
surgeon.
Kantonen® 1998 Carotid endarterectomy Finland 1991-94 1,600 104 23 No relationship between volume and 0.005 for
outcome, hospital. deviance
Outcome improves with higher volume, between
surgeon. Lowess
curve and
line show-
ing no
volume
effect.
Kempczinski® 1986  Carotid endarterectomy uUs 1983-84 656 61 16 No relationship between volume and
outcome.
Khuri®’ 1999 AAA us 1991-93 3,767 107  No relationship between volume and
outcome.
Infrainguinal vascular us 1991-93 12,535 107 No relationship between volume and
reconstruction outcome.
Carotid endarterectomy us 1991-93 10,173 93 No relationship between volume and
outcome.
Lobectomy/ us 1991-93 4,890 107 No relationship between volume and
pneumonectomy outcome.
Open cholecystectomy us 1991-93 7,113 124 No relationship between volume and

outcome.
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Lap cholecystectomy us 1991-93 8,602 123 No relationship between volume and
outcome.
Colectomy us 1991-93 13,310 125 No relationship between volume and
outcome.
Total hip replacement us 1991-93 8,241 101 No relationship between volume and
outcome.
Kirshner® 1989  Carotid endarterectomy us 1984-85 1,035 22 6 No relationship between volume and
outcome.
Manheim®® 1998 Lower extremity arterial us 1982-94 100,963 27 Outcome improves with higher volume, <0.001
bypass hospital.
Carotid endarterectomy us 1982-94 106,493 27 Outcome improves with higher volume, <0.001
hospital.
AAA, unruptured uUs 1982-94 35,130 27 Outcome improves with higher volume, 0.02
hospital.
AAA, ruptured uUs 1982-94 7,327 27 Outcome improves with higher volume, <0.001
hospital.
Perler'® 1998  Carotid endarterectomy, ~ US 1990-95 9,918 48 Outcome improves with higher volume, <0.0001
elective hospital.
Richardson'® 1989  Carotid endarterectomy us 1983-94 705 98 41 No relationship between volume and 0.28
outcome.
Wennberg'® 1998 Carotid endarterectomy us 1992-93 113,300 2,699 Outcome improves with higher volume, <0.001
hospital.
Katz'® 1994  AAA, unruptured us 1980-90 8,185 nfa  Outcome improves with higher volume, <0.001
hospital.
AAA, ruptured uUs 1980-90 1,829 n/a Outcome improves with higher volume, <0.001
hospital.
Hannan'% 1992 AAA, unruptured us 1985-87 3570 391 152 Outcome improves with higher volume, 0.005
hospital.
No relationship between volume and
outcome, surgeon.
AAA, ruptured us 1985-87 954 236 134  No relationship between volume and 0.0002
outcome, hospital.
Outcome improves with higher volume,
surgeon.
Amundsen'® 1990 AAA, both Norway 444 26 Outcome improves with higher volume, Ranges
hospital. from NS to
0.03.
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Wen'™® 1996 AAA, ruptured Canada  1988-92 1,203 No relationship between volume and Mortality
outcome. 0.02, LOS
<0.0001
AAA, unruptured Canada 1988-92 5,492 Outcome improves with higher volume. Mortality
0.02, LOS
<0.0001
Kazmers'”’ 1996 AAA, both us 1991-93 3,687 116 Outcome improves with higher volume, ~0.003
hospital.
Rutledge'® 1996  AAA, ruptured us 1988-93 1,480 n/a 157 Outcome improves with higher volume, 0.025
hospital.
Dardik™® 1998 AAA, ruptured us 1900-95 527 226 47 No relationship between volume and Hospital
outcome, hospital. volume
Outcome improves with higher volume, ranges
surgeon. from 0.1 to
0.8;
surgeon
volume
ranges
from 0.05
to 0.46
Begg™ 1998  Pancreatectomy, cancer ~ US 1984-93 742 258 Outcome improves with higher volume. 0.004
Esophagectomy, cancer Us 1984-93 503 190 Outcome improves with higher volume. <0.001
Pneumonectomy, cancer ~ US 1984-93 1,375 313  No relationship between volume and 0.32
outcome.
Resection, hepatic, cancer US 1984-93 801 286 Outcome improves with higher volume. 0.04
Pelvic exenteration, uUs 1984-93 1,592 347 Outcome improves with higher volume. 0.04
cancer
Gordon*** 1995  Whipple us 1988-93 501 39 Outcome improves with higher volume, <0.001
hospital.
Birkmeyer'® 1999  Whipple us 1992-95 7,229 1,772 Better survival in higher volume hospitals, < 0.001
volume particularly important after
treatment for benign pancreatic disease.
Birkmeyer'™® 1999  Whipple us 1992-95 7,229 1,243  Better outcomes with higher volume. <0.001
Imperato™* 1996 Whipple us 1991-94 579 118 Mortality lowest in regional centres; among  Mortality
low-volume hospitals, mortality decreases 0.006;
with increasing volume. LOS
LOS shorter in the regional hospitals. 0.0007.
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Lieberman™ 1995 Whipple or total us 1984-91 1,972 748 184 Outcome improves with higher volume, Hospital
pancreatectomy hospital. volume
No relationship between volume and 0.05.
outcome, surgeon.
Sosa™® 1998  Whipple us 1990-95 449 nla 48 Outcome improves with higher volume, <0.001
hospital.
No relationship between volume and
outcome, surgeon.
Palliative bypass us 1990-95 589 n/a 48 Outcome improves with higher volume, 0.03
(pancreatic cancer) hospital.
No relationship between volume and
outcome, surgeon.
Endoscopic or uUs 1990-95 198 n/a 48 No relationship between volume and
percutaneous stent outcome.
(pancreatic cancer)
Simunovic*’ 1999  Whipple Canada  1988-94 842 68 Outcome improves with higher volume. <0.001
Wade® 1996  Whipple World-  1989-94 130 nfa Outcome worsens with higher volume. 0.05
wide
(mostly
us)
Gordon'® 1999  Excision of esophagus us 1989-97 518 51 Outcome improves with higher volume. <0.001
Gastrectomy us 1989-97 705 51 No relationship between volume and
outcome.
Colectomy uUs 1989-97 1,015 51 No relationship between volume and
outcome.
Hepatic lobectomy uUs 1989-97 293 51 Outcome improves with higher volume. <0.01
Biliary tract surgery, uUs 1989-97 938 51 Outcome improves with higher volume. <0.01
anastomosis
Whipple us 1989-97 1,092 51 Outcome improves with higher volume. <0.001
Patti**? 1998  Esophagectomy us 1990-94 1,561 273 Mortality lowest in highest volume group; < 0.001

% discharged home and total charges
increase with increasing volume; LOS and
complications don't vary with volume, but
mortality following complications varies
significantly with volume (lowest in highest
volume group).
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Harmon™® 1999  Resection, colorectal us 1992-96 9,739 812 50 Outcome improves with higher volume, <0.01
hospital or surgeon.
Parry'? 1999  Primary colorectal cancer UK 1993 927 112 39 No relationship between volume and
outcome, hospital or surgeon.
Hannan'# 2002 Colectomy us 1994-97 22,128 2,052 229 Outcome improves with higher volume, <0.001
hospital or surgeon.
Lobectomy uUs 1994-97 6,954 373 178 Outcome improves with higher volume, 0.006
hospital or surgeon.
Gastrectomy us 1994-97 3,711 1,114 207 Outcome improves with higher volume, <0.001
hospital or surgeon.
Romano*? 1992 Resection, pulmonary us 1983-86 12,439 389 Generally better outcome with increased <0.001to
hospital volume. 0.05,
depending
on
procedure
Taylor'® 1997  Major hip and knee us 1992-94 632,533 3,842 Outcome improves with higher volume. <0.01
surgery
Minor hip and knee us 1992-94 270,296 3,866 Outcome improves with higher volume.
surgery
Spine procedures us 1992-94 105,740 2,456  Outcome improves with higher volume.
Lavernia'® 1995  Primary hip and knee us 1992 19,925 n/a n/a  Outcomes improve with higher volume.
replacement
Revision hip and knee us 1992 2,536 n/a nfa Outcomes improve with higher volume.
replacement
Kreder'® 1998  Total hip replacement Canada 1992 3,645 329 90 No relationship between volume and >0.05
outcome, hospital or surgeon.
Kreder*’ 1997  Total hip replacement us 1988- 7,936 494 67 Low-volume surgeons fared worst, little
1991 effect of hospital volume, no
surgeon*hospital volume interaction.
Ellison'® 2000 Radical prostatectomy us 1989-95 66,693 Mortality was low in high-volume hospital, < 0.001

low- and medium-volume hospitals didn't
differ; and the effect of volume was
consistent for all patient age groups.

LOS fell with increasing volume.

Costs were low at high-volume hospitals,
low- and medium-volume hospitals didn't
differ from one another.
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Yao™ 1999  Prostatectomy us 1991-94 101,604 2,849 Better outcomes with increased hospital <0.001
volume.

Thorpe™® 1994 TURP UK 1991 1,396 12  Better outcomes with increased hospital <0.001
volume.

Taylor'** 1997 Craniotomy, aneurysmal ~ US 1984-91 47,408 nfa For surgically treated patients, better 0.01 for

subarachnoid hemorrhage outcome with high volume and academic surgical
affiliation; for medically treated patients,
probably no relationship with volume.

Solomon**2 1996 Craniotomy, SAH us 1987-93 15,376 110 Better outcomes with higher volume. <0.01

Pronovost'* 1999 AAA us 1994-96 2,606 n/a 39  Surgeon volume was not significant Relating
low hospital volume associated with higher ~ hospital
mortality but shorter time in ICU, and not volume to
significantly related to total LOS. mortality,

0.0006;
relating
hospital
volume to
ICU stay,
0.05;
relating
hospital
volume to
total LOS,
0.19.

Kitahata™* 1996 AIDS us 1984-94 403 125 1 Survival improved with physician 0.02
experience.

Casale™® 1998 AMI us 1993 30,205 n/a nfa Lower mortality with high-volume 0.03
physicians, no effect of hospital volume.

McGrath'*® 1998 PCI us 1990-93 12,118 31 5 Angiographic and clinical success rates Angio-
improved with higher volume; post- graphic
operative MI had an upward trend with success
increased volume but CABG had downward  0.006;
trend; no effect of volume on mortality. clinical

success
0.03;
new Ml
0.06;
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CABG <
0.001;
mortality
0.8
Ruby™’ 1996  Carotid endarterectomy  US 1985-91 3,880 226 32 Major complication and length of stay fell ~ 0.002 for
with increasing volume. However, these major
findings may be spurious, due to failure to complica-
adjust for surgeon specialty. tion vs
volume;
0.001 for
long LOS
vs volume.
Porter™® 1998 Resection, low anterior or Canada 1983-90 683 52 5 Better survival (overall disease specific Time to
abdominoperineal mortality and time to local recurrence) disease-
better with high volume, and with specialist  specific
training; no interaction between volume and  death: 0.03
training. for training
Perioperative mortality not affected by and 0.006
either volume or training. for volume.
Time to
local
recurrence:
0.001 for
training
and
< 0.001 for
volume.
Hannan** 1995 CABG us 1978-92 57,187 131 30 Worse results for lower volume surgeons Not stated.
(this was not the main purpose of the study).
Among low-volume surgeons there are
subgroups (formerly high volume,
experienced but new to NY, and those who
have been low volume for an extended
period of time). Of these, the ‘always low-
volume' did worst.
O’Neill**° 2000 Carotid endarterectomy us 1984-95 12,725 482 153 No effect of surgeon volume on mortality, NS for
overall 'bad outcome' higher for volume of volume
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1-2, but then flat. NS; 0.01
for total
bad out-
come.
Tu'* 1998 Carotid endarterectomy ~ US/ 1992-93 Outcomes better in historically high CA (<
Canada volume, high quality than in low/low. 0.05), ON
(< 0.05),
not NY
(0.30)
Hamilton® 1997  Hip fracture surgery Canada 1990-93 7,383 66 Apparent volume-outcome relationship
appears to be due to quality.
Hughes'* 1987  Cardiac catheterization us 1983 76,584 2,987 150 Outcome improves with higher volume, <0.01
hospital and surgeon.
Appendectomy uUs 1983 39,545 6,434 646 Outcome improves with higher volume, <0.05
hospital and surgeon.
CABG uUs 1983 29,503 800 120 Outcome improves with higher volume, <0.01
hospital.
No relationship between volume and
outcome, surgeon.
Cholecystectomy us 1983 80,587 7,062 742 No relationship between volume and
outcome, hospital or surgeon.
Hernia repair Us 1983 78,377 7,476 742  Outcome improves with higher volume, <0.01
hospital and surgeon.
Hysterectomy uUs 1983 105,550 8,027 736  Outcome improves with higher volume, <0.01
hospital.
No relationship between volume and
outcome, surgeon.
Intestinal operations uUs 1983 28,486 5,436 708 Outcome improves with higher volume, <0.01
hospital.
No relationship between volume and
outcome, surgeon.
Stomach operations us 1983 9,442 3,735 656 No relationship between volume and
outcome, hospital or surgeon.
Total hip replacement us 1983 13,767 2,301 501 Outcome improves with higher volume, <0.01

hospital.
No relationship between volume and
outcome, surgeon.
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TURP us 1983 41,821 2,892 631 Outcome improves with higher volume, <0.01
hospital and surgeon.
Kelly**® 1987 CABG us 1977 3,883 99 26 Outcome improves with higher volume, 0.0008
hospital.
No relationship between volume and
outcome, surgeon.
Cardiac catheterization us 1977 4,835 145 39 Outcome improves with higher volume, 0.054
hospital.
No relationship between volume and
outcome, surgeon.
AMI us 1977 11,033 926 146  No relationship between volume and 0.003
outcome, hospital.
Outcome improves with higher volume,
surgeon.
Zelen** 1991 CABG us 1986 3,408 49 8 No low-volume hospital had high-volume
surgeons.
Trend to poorer outcomes with low-volume
hospitals, but not significant.
Hosenpud'*® 1994  Cardiac transplant us 1987-91 7,878 150 <0.001
Goodney** 2003 Carotid endarterectomy  US 1994-99 n/a nfa  Outcome improves with higher volume.
Lower extremity arterial ~ US 1994-99 n/a n/a No relationship between volume and
bypass outcome.
AAA, elective us 1994-99 n/a nfa  No relationship between volume and
outcome.
CABG uUs 1994-99 n/a n/a  No relationship between volume and
outcome.
Aortic valve replacement  US 1994-99 n/a n/a  No relationship between volume and
outcome.
Mitral valve replacement  US 1994-99 n/a n/a No relationship between volume and
outcome.
Colectomy us 1994-99 n/a n/a No relationship between volume and
outcome.
Gastrectomy us 1994-99 n/a nfa Effect of volume depends on procedure.
Esophagectomy us 1994-99 n/a nfa  Outcome improves with higher volume.
Resection, pancreatic us 1994-99 n/a n/a  No relationship between volume and

outcome.
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Nephrectomy us 1994-99 n/a n/a  No relationship between volume and
outcome.
Lobectomy, pulmonary us 1994-99 n/a nfa  No relationship between volume and
outcome.
Pneumonectomy us 1994-99 n/a nfa  No relationship between volume and
outcome.
Cystectomy us 1994-99 n/a n/a  No relationship between volume and
outcome.
Birkmeyer**’ 2002 Carotid endarterectomy us 1998-99 136,049 8,818 n/a No relationship between volume and
outcome, hospital.
Outcome improves with higher volume,
surgeon.
CABG uUs 1998-99 220,592 2,772 n/a  No relationship between volume and
outcome, hospital.
Outcome improves with higher volume,
surgeon.
Aortic valve replacement  US 1998-99 42,541 2,440 n/a  No relationship between volume and
outcome, hospital.
Outcome improves with higher volume,
surgeon.
AAA, elective us 1998-99 39,794 6,276 nfa  Outcome improves with higher volume,
hospital and surgeon.
Resection, lung cancer us 1998-99 24,092 4,178 nfa Outcome improves with higher volume,
hospital and surgeon.
Cystectomy uUs 1998-99 6,340 2,918 n/a Outcome improves with higher volume,
hospital and surgeon.
Esophagectomy uUs 1998-99 1,640 997 n/a  No relationship between volume and
outcome, hospital.
Outcome improves with higher volume,
surgeon.
Resection, pancreatic us 1998-99 3,060 1,624 nfa Outcome improves with higher volume,
hospital and surgeon.
Birkmeyer*® 2002 CABG us 1994-99 901,667 1068 Outcome improves with higher hospital <0.0001
volume.
Aortic valve replacement  US 1994-99 151,610 1,069 Outcome improves with higher hospital < 0.0001

volume.
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Mitral valve replacement  US 1994-99 64,935 1,050 Outcome improves with higher hospital <0.0001
volume.
Carotid endarterectomy us 1994-99 479,289 2,990 Outcome improves with higher hospital 0.004
volume.
Lower extremity arterial us 1994-99 266,570 3,184 Outcome improves with higher hospital <0.0001
bypass volume.
AAA, elective uUs 1994-99 139,850 2,819 Outcome improves with higher hospital < 0.0001
volume.
Colectomy us 1994-99 299,960 4,587 Outcome improves with higher hospital < 0.0001
volume.
Gastrectomy us 1994-99 31,435 3,423 Outcome improves with higher hospital < 0.0001
volume.
Esophagectomy uUs 1994-99 6,337 1,575 Outcome improves with higher hospital <0.0001
volume.
Resection, pancreatic uUs 1994-99 12,105 1,868 Outcome improves with higher hospital <0.0001
volume.
Nephrectomy uUs 1994-99 59,495 3,292 Outcome improves with higher hospital 0.01
volume.
Cystectomy us 1994-99 22,349 2,422 Outcome improves with higher hospital < 0.0001
volume.
Resection, pulmonary us 1994-99 74,080 2,753 Outcome improves with higher hospital < 0.0001
volume.
Pneumonectomy us 1994-99 10,410 1,877 Outcome improves with higher hospital < 0.0001
volume.
de Gara*® 2003  Gastrectomy Canada  1991-97 ~550 84 4  No effect of volume (using either cut point)
on (unadjusted) 30-day or 5-year survival.
Hodgson'*° 2003 Resection, rectal us 1994-97 7,257 367 Outcomes better with high volume; high <0.0001

volume favors all patients equally (not just
some subsets).

Harcourt™* 2003  Breast cancer us 1980-94 2,409 9 There was no correlation between volume
and mortality.
Bach'* 2001  Resection, lung cancer us 1985-96 2,118 76 Higher volume associated with better 0.02 -
outcomes. 0.002
Margulies'>® 2001 Trauma us 1998-99 1,754 86 5 Volume not associated with outcome. 0.44

Caseload not significant in even the
subgroup of patients for whom surgeon
experience should have mattered the most.
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Canto™* 2000  Angioplasty us 1994-98 422 For angioplasty, outcome is better in high <0.0001
volume hospitals. for angio-
For thrombolytic therapy, outcome does not  plasty, 0.67
depend on volume. for throm-

bolytics.

Konvolinka®® 1995 Trauma us 1988-89 36,346 24 Survival improves with increasing surgeon
experience with serious trauma patients
overall, and for the blunt injured subset, but
not for penetrating or pediatric patients.

Glance'*® 2003 CABG us 1996 20,078 32 For the 95% of patients with risk < 9%, the < 0.001 for
benefit from high volume is greatest for volume*
those at least risk; for those with risk > risk
25%, benefit grows as risk grows; for those interaction.
in the middle, no benefit due to volume.

Barker™’ 2003  Transphenoidal surgery uUs 1996- 5,497 825 538 Mortality, complication rate, discharge 0.02to <

2000 home, and LOS better with higher volume 0.001
(hospital or physician).
Hospital charges don't vary by volume
age*volume interaction: older patients
benefit most from high volume.

Hoh'*® 2003  Endovascular therapy us 1996- 421 75 81 Hospital mortality: significantly related to ~ Mortality:

2000 only one of the 8 definitions of hospital (not  0.04;
surgeon) volume.
Discharge home: better outcomes with Discharge
increased volume, no matter how defined, home,
both hospital and physician. hospital
LOS shorter and charges less at high volume,
volume hospitals. <0.001;
Improvement with volume was continuous -
no cut point was found. LOS 0.001.

Finlayson'*® 2003  Colectomy us 1995-97 120,270 1,082  No relationship between volume and

outcome.
Gastrectomy us 1995-97 16,081 911 No relationship between volume and

outcome.
Esophagectomy us 1995-97 5,282 603 Outcome improves with higher volume. < 0.0001
Resection, pancreatic us 1995-97 3,414 483 Outcome improves with higher volume. < 0.0001
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Nephrectomy us 1995-97 23,278 820 No relationship between volume and
outcome.
Cystectomy us 1995-97 4,937 590 No relationship between volume and
outcome.
Lobectomy, pulmonary us 1995-97 11,000 674 No relationship between volume and
outcome.
Pneumonectomy us 1995-97 11,000 674 No relationship between volume and
outcome.

Marrie'® 2003  Community acquired Canada 1994-99 43,642 121 No effect of volume on 3-day death. < 0.0001

pneumonia Lower in-hospital mortality with higher for in-
physician volume. hospital
One-year mortality higher with increased mortality.
physician volume (their claim).
Urbach'® 2003  Esophagectomy Canada  1994-98 613 47 Outcome improves with higher volume. 0.04
Resection, colorectal Canada 1994-98 18,898 134  No relationship between volume and 0.54
outcome.

Whipple Canada 1994-98 586 49 No relationship between volume and 0.08
outcome.

Pneumonectomy Canada 1994-98 5,156 54 No relationship between volume and 0.07
outcome.

AAA, unruptured Canada 1994-98 6,279 57 Outcome improves with higher volume. <0.01

Sava'® 2003  Trauma, severe us 1990- 20,695 21 1 Low-volume physicians had higher 0.06

2001 mortality for 4 of the 6 injury patterns, but
was never significant. Z-score for high-
volume physicians was 1.88 vs 0.5 for low-
volume (high value means fewer deaths
than predicted, so both groups had "too
few" deaths), but p-value for z = 1.88 is
0.06, so not significant.

Dimick*®® 2003  Aorto-bifemoral bypass ~ US 1997 3,073 483 Hospital mortality improved in high-volume  0.04

hospital, no effect of volume on probability
of long LOS.

Barker'®* 2003  Surgical treatment of us 1996- 3,498 585 463 Hospital mortality: no relation to volume Discharge
Unruptured intracranial 2000 (surgeon or hospital). home:
aneurysm Discharge home: better outcome with higher  0.02; for

volume (when tested jointly, only hospital hospital
volume significant). volume
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Most adverse outcomes not related to charges:
volume: when they were, higher volume 0.005
hospitals were better. LOS did not vary with
volume. Charges were higher in high-
volume hospital. Optimal cut-point for
hospital volume was 2 clippings/year; no
single cut-point for surgeon volume.

Ho'® 2003  Whipple us 1988-98 6,652 500 Mortality decreases with increased volume <0.001
years of experience independently predicts
mortality and experience mitigates some of
the disadvantages of a lower volume
hospital.

London*®® 2003  Injury us 1998-99 98,245 38 Little effect of volume on mortality except ~ Data to
for most severely injured (ISS > 15). More  support this
seriously injured patients do worse at high are not
volume centres, and also have longer LOS given.

Cowan*®’ 2003  Resection, intracranial us 1996-97 7,547 657 379 High volume (physician or hospital) Hospital

tumor associated with better outcome. volume
High volume associated with decreased 0.04;
LOS (no other information was provided). surgeon
Correlation between hospital volume and volume
physician volume = 0.5 0.01
Damhuis'® 2002 Resection, gastric cancer  Nether- 1987-97 1,978 22 Only 2 hospitals differed from the others (p
lands ~ 0.05 without controlling for multiple
testing) and the worst hospital had medium
volume. Since hospitals were included in
the model using dummy variables, volume
was not tested. The graphics show no
relationship between volume and outcome.
Spiegelhalter'® 2001 Repair of congenital heart England ~ 1991-94 n/a 12 Outcome improves with higher volume. <0.001
o defects, open heart
surgery
Repair of congenital heart England  1991-94 n/a 12 Ambiguous.
defects, closed heart
surgery
Tu'” 2001  AMI Canada  1992-97 98,194 5374 195 Hospital volume not a predictor after <0.001

adjusting for physician volume.
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Outcomes improve with increasing volume;
no apparent threshold after which volume
doesn't matter; volume effect depends on
physician specialty.

van 2001 Esophagectomy Nether- 1993-98 1,900 nfa Better outcomes with increased hospital <0.0001

Lanschot'™ lands volume, despite the fact that high volume
centers get more advanced tumors.

Magid'" 2000 Primary angioplasty us 1994-99 62,299 446 Volume*procedure interaction: in low < 0.001 for
volume hospital, no association between improve-
treatment choice and outcome; in medium ment in
and high volume hospital, angioplasty outcome
patients did better. due to
No volume effect on stroke, CABG angioplasty
decreased as volume increased in medium-
graphically: mortality after angioplasty and high-
decreases with volume, probably no volume
volume-outcome relation for thrombolytics.  hospital

Swisher'™ 2000 Esophagectomy us 1994-96 340 25 Mortality and cost depend specifically the 0.03
volume of esophagectomies (not overall (mortality);
surgical volume). 0.003

(charges)

Cooper'™ 2000 Trauma, inpatients us 199495 26,973 43 Using ACS criterion, high and low volume  Using

centres do not differ. volume of

Using tertiles of high severity patients, the severely
middle tertile had higher adjusted mortality  injured,
than expected. 0.03 for the
Using tertiles of total volume, the low middle-
volume tertile had fewer deaths than volume
expected and the highest volume had high tertile;
mortality. using total
volume,
0.01 for the
low-
volume
group and
0.06 for the
high-
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Author Pub  Procedure or Diagnosis  Country  Study Subj Phys  Hosp Results/Comments P-value
Year Years
volume
group
Edwards'” 1999  Liver transplant us 1992-94 7,363 99 Mortality decreases with increasing volume < 0.001
up to 20 transplants/year and then stabilizes.
Low-volume centers affiliated with high-
volume centers do just as well as high-
volume centers, therefore, centers were
dichotomized into low-volume unaffiliated
vs all others.
Kantonen'"® 1997  AAA, elective Finland  1991-94 929 105 25 No relationship between volume and 0.01
outcome, hospital.
Outcome improves with higher volume,
surgeon.
AAA, ruptured Finland 1991-94 454 105 25 No relationship between volume and
outcome, hospital or surgeon.
Phibbs'”’ 1996  Birth, singleton at risk for  US 1990 53,229 nfa Compared to high-volume level 111 NICU,  <0.05
NICU admission all others (including low-volume level 111)
have higher mortality; costs and LOS do not
vary with level or size.
Bates'"® 1996  Open heart valvuloplasty ~ US 1987-89 2,633 nfa  Outcome improves with higher volume <0.01
CABG us 1987-89 5,635 n/a  No relationship between volume and
outcome
Colectomy with cancer us 1987-89 5,324 n/a No relationship between volume and
outcome
Colectomy w/o cancer uUs 1987-89 2,299 n/a  No relationship between volume and
outcome
Amputation above the uUs 1987-89 5,359 n/a  No relationship between volume and
knee outcome
Kagan'"® 1994  Trauma, head injury us 1986-88 4,667 10 Better outcomes with increased hospital <0.01
volume.
Mayfield'® 1990  Birth, white singleton us 1990-96 226,164 90 They were not able to interpret their model.
They claim that infants do best in high-
volume facilities, but their outcome (deaths
saved) doesn't support their claim.
lapichino™ 2004 ICU Europe  1994-95 12,615 89 Better outcomes with higher volume. < 0.0001
Schrag® 2003 Resection, colon cancer us 1991-96 24,166 Both hospital and surgeon volume Hospital
significant for all outcomes. volume <
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Author Pub  Procedure or Diagnosis  Country  Study Subj Phys  Hosp Results/Comments P-value
Year Years
Effect of surgeon volume attenuated when 0.001;
hospital volume added. surgeon
volume ~
0.02.
Brown'® 2003 PTCA w/o stent us 1997 18,940 140 Outcome improves with higher volume. <0.001
PTCA with stent us 1997 25,336 130 Outcome improves with higher volume. 0.01

Darling®* 2000 Carotid endarterectomy ~ US 1990-96 2,152 7 1 Though volume rose, death due to stroke 0.0005
fell between the two time periods, particular
in the asymptomatic group.

Courcoulas'™ 2003  Gastric bypass us 1999- 4,674 129 73 Better outcomes with higher volume Surgeon

2001 surgeons, hospital volume is NS. volume
0.02;
hospital
volume
0.16.

Dimick'®® 2002  AAA us 1994-96 2,987 52  Better outcomes with increased hospital 0.02
volume.

Ellis*® 1997 PTCA us 1993-94 12,985 38 5 Better outcomes with increased hospital 0.01
volume (both death and rate of adverse (death);
events), but not correlated to years of < 0.001 (all
experience. adverse

outcomes)

Esserman'®® 2002 Reading mammograms UK/US 1996 60 60 Low- and medium-volume US radiologists < 0.001
did worse than UK radiologists (who were (Bonne-
all high volume). feronni

correction
for
multiple
testing)

Fujita'® 2002 Total gastrectomy Japan 1995-98 136 21 1 Better outcomes obtained by the high Discrimi-
volume surgeons. nant

analysis
<0.01

Dardik*® 1999  AAA, elective us 1990-95 2,335 219 46  Better outcomes with high hospital volume ~ Mortality
and high surgeon volume. 0.04 for
No difference in LOS by hospital volume, hospital
but costs are higher in low volume hospitals  volume and
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Author Pub  Procedure or Diagnosis  Country  Study Subj Phys  Hosp Results/Comments P-value
Year Years
(unadjusted); both costs and LOS are higher  0.01 for
for low-volume surgeons. surgeon
volume
LOS and
costs,
<0.0001
for surgeon
volume.
Williams™* 1991 CABG us 1985-87 4,613 14 5 Adjusting for hospital in the model, 0.6
mortality was not related to surgeon
volume.
Garcia'® 2001 Birth us 1996 63,143 52  Non-significant trends for caesarian and ~0.03 for
episiotomy vs. volume. laceration;
Fewer lacerations with low volume. ~0.12 for
Complication rate was highest in the complica-
medium-volume group, and NS different tions (low
from very high volume in the low-volume relative to
group. very high
volume)
and
< 0.001 for
complica-
tions
(medium
relative to
very high
volume)
Laffel**® 1992  Heart transplant uUs 1984-86 1,123 n/a 56 Better results once a centre has some Death rate
experience, high-risk patients benefit from in first 5
increased prior experience with low-risk patients
patients. compared
Training of cardiologist matters, and so does  to death
training of the transplant coordinator rate later,
+BX139. 0.002.
Death rate
in high risk
patient, in
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Author Pub  Procedure or Diagnosis  Country  Study Subj Phys  Hosp Results/Comments P-value
Year Years
center with
low
experience
vs high
experience,
0.04.
Jones™®* 1995 ICU UK 2-year 8,796 26 Correlation between volume and Overall
period standardized mortality NS (low power, only  0.37; for
26 observations); correlation between surgical
volume and outcome much stronger for cases 0.08.
surgical cases than for non-surgical.
Rathore'® 2004 CABG us 1998- 228,738 393  Better outcomes with increased hospital <0.0001
2000 volume.
Kastrati'® 1998 Coronary stent placement Germany  1992-97, 3,409 10 1 Better outcomes with increased surgeon
1998 volume, form of the volume/outcome
relationship depends on definition of
volume; CART was used to identify cut
points of how much volume is needed to
improve outcome.
Klein'®’ 1997 Coronary interventional ~ US 1993-95 1,389 9 1 Trend to better (unadjusted) volumes with
procedures increasing volume (r = 0.56, but p = 0.12
due to low power); 5 surgeons fall in the
"borderline" volume category according to
the standards, but their results are
significantly better than the results shown in
other studies.
Klein'®® 2002  Singleton births attended ~ Canada ~ 1997-98 4,444 152 1 Volume NS for maternal complications, 5 <0.001
by a family physician min Apgar score; high volume family
physicians consulted /transferred delivery
less often to specialist.
Ko'* 2002 Resection, colon cancer us 1996 22,408 Better outcomes with increased hospital Hospital
volume and with increased surgeon volume.  volume
~ 0.05;
surgeon
volume
0.01
Kreder®® 2003 Total knee arthroplasty Canada 1992-96 14,352 267 88 No association between volume and 3- Revision at
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Author Pub  Procedure or Diagnosis  Country  Study Subj Phys  Hosp Results/Comments P-value
Year Years
month mortality, readmission for infection; 1 yr, 0.05;
revision at 1 year and 3 years, related to LOS
hospital volume, not surgeon volume; <0.001.
complications related to hospital volume,
and are better for low-volume hospitals;
LOS related to surgeon and hospital
volume.
McKee?* 2002 Mammogram detectable us 1995-96 955 261 No relationship between positive rate and For volume
breast cancer radiologist volume, surgeon volume, or * use of
center; case volume affected use of breast breast -
conserving surgery, with higher rates for conserving
higher volume surgeons (radiologist and surgery,.
centre volumes were NS). 0.04.
Richardson®® 1998 Trauma us 1995-96 2,330 13 1 No effect of volume or years of experience ~ None
on mortality or morbidity.
Schrag®® 2002 Resection, rectal us 1992-96 2,815 420 Thirty-day mortality not associated with Two-year
hospital or surgeon volume. mortality
Two-year mortality (yes/no) and overall (yes/no)
survival associated with surgeon volume, .0.004 for
not hospital volume. surgeon
Abdominoperineal resection not related to volume;
volume. overall
survival
0.02 for
surgeon
volume
Scott® 2001 Ventricular septal defect  Inter- 1992-96 1,679 24 No relationship between volume and
repair national outcome.
(Us
based)
Avrterial switch operation  Inter- 1992-96 494 24 Outcome improves with higher volume. 0.01
national
(Us
based)
Shook®* 1996 PTCA us 1991-94 2,350 1 Outcome improves with higher volume. 0.0001
Smith?® 1990 Trauma, severe us 198788 1,643 7 Adjusting for patient mix, correlation NS

between mortality rate and volume is -0.65,
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Author Pub  Procedure or Diagnosis  Country  Study Subj Phys  Hosp Results/Comments P-value
Year Years
p=012(n=7).
Comparing low vs high using a 2x2 table,
p=0.07,0R=13.
Tilford?® 2000 Pediatric ICU us 1993 11,106 38 16  Outcome improves with higher volume. 0.05
Hermanek®”’ 1996 Resection, colorectal Germany 1984-86 2,347 14 7 No relationship between volume and
outcome, hospital or surgeon.
Farber?® 1981  Hysterectomy us 1977-79 5,117 22 Outcome improves with higher volume. < 0.0001
Resection, colon us 1977-79 1,331 22 Outcome improves with higher volume. < 0.0001
Hernia repair uUs 1977-79 5,432 22 Outcome improves with higher volume. 0.0002
Cholecystectomy us 1977-79 4,156 22 Outcome improves with higher volume. 0.0007
Appendectomy us 1977-79 3,671 22 Outcome improves with higher volume. 0.03
Laminectomy uUs 1977-79 2,756 22 No relationship between volume and 0.06
outcome.
Cesarean section uUs 1977-79 3,478 22 No relationship between volume and 0.47
outcome.
Hughes®® 1988  Hip fracture us 1982 44,905 704 Results support both selective referral and <0.01

practice makes perfect.
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