
Does Practice Really Make Perfect?

Surgery is risky. Worries include surgical errors, periop-
erative complications, difficult recovery, and poor long-

term outcomes. Given the high stakes of surgical treat-
ment, where should patients go when they need surgery?
Common sense and a growing literature suggest that they
should seek surgeons and hospitals that frequently perform
the needed procedure. After all, practice makes perfect,
doesn’t it? Two studies reported in this issue suggest that
the answer to this question is considerably more compli-
cated than it appears (1, 2).

In raising questions about volume–outcome relation-
ships, these studies swim against a strong current. Corpo-
rate America embraces the notion that practice makes per-
fect. Organizations that evaluate health care offer profiles
that feature volume prominently (3–5). The Leapfrog
Group, a coalition of more than 140 companies convened
to improve the quality of health care for their employees,
believes that the evidence links high procedure volumes to
favorable outcomes and recommends specific volume
thresholds for a variety of procedures (6). Many who study
health care delivery also believe that high volume means
superior outcomes. Researchers analyzing the potential
benefits of the Leapfrog Group’s volume standards for 5
high-risk surgical procedures estimate that the require-
ments would save 2581 lives annually (7). A reviewer of 20
years of volume–outcome studies concluded that high vol-
ume is associated with better outcomes across a variety of
conditions (8).

Several potential explanations lie behind past conclu-
sions that surgical patients fare best with high-volume pro-
viders. The first is that practice really does make perfect.
To test this hypothesis, we ask whether patients who un-
derwent surgery at low-volume hospitals or by low-volume
surgeons would have done better had they gone to high-
volume providers. A definitive answer to this question
would require a randomized trial, but only observational
data exist. Observational studies of volume–outcome rela-
tionships examine aggregated data derived from groups of
patients treated at hospitals that are categorized by surgery
volume status. Policymakers and others have concluded
from these studies that redirecting individual patients from
low-volume providers to high-volume providers will im-
prove their outcomes. However, such inferences are an eco-
logical fallacy, a false inference about individual outcomes
based on aggregate data obtained from groups. To make
correct inferences, we must carefully consider multiple ex-
planations for volume–outcome associations: patient fac-
tors, provider factors, and analytical techniques.

PATIENT FACTORS

High-volume providers might achieve favorable out-
comes because patients who seek their care are generally
healthier or otherwise more advantaged than patients who

seek care from low-volume providers. Arguments against
this explanation note that volume–outcome relationships
persist after adjustments for comorbidity. However, simply
adjusting for the presence of comorbidity may be insuffi-
cient, as suggested by the following example. Two patients
have identical-stage pancreatic cancer, type 2 diabetes, and
hypertension. Patient A presents to hospital A, a hospital
that averages 3 Whipple procedures a year. Patient B goes
to hospital B, a hospital that averages 50 Whipple proce-
dures per year. Hospital A is in a poor, urban neighbor-
hood, and many of its patients (like patient A) are poorly
educated, unemployed problem drinkers with stingy insur-
ance. Patient A takes his antihypertensive agents and dia-
betes agents sporadically when he can afford them and is
not on a drinking binge. Patient B (like most of hospital
B’s patients) is a well-educated, employed teetotaler with
generous insurance. Patient B takes his medications reli-
giously. While a study comparing outcomes among pa-
tients treated at hospitals A and B might adjust for the
presence of comorbidity (hypertension and diabetes) and
insurance status, most volume–outcome studies do not ad-
equately account for the more subtle sociodemographic
differences among the hospitals’ patient populations that
may confound associations between volume and outcomes.
Furthermore, adjusting for the presence of comorbidity is
not the same as adjusting for the quality of care for that
comorbidity. For example, diabetic patients who undergo
surgery at high-volume hospitals might receive excellent
outpatient diabetes care and have glycemic control, while
those at low-volume hospitals have poor care and control.
Rather than expertise, fundamental differences between the
patients of low- and high-volume providers may account
for the more favorable outcomes observed among high-
volume providers. Indirect evidence for this explanation
lies in studies of more homogeneous populations, such as a
study of all patients who underwent 1 of 5 types of surgery
at Veterans Affairs medical centers (9), which tend to find
more equivocal volume–outcome relationships than do
studies of heterogeneous populations.

In the first of the 2 volume–outcome studies in this
issue, Meyerhardt and colleagues (1) demonstrate that pa-
tient factors can make care at low-volume hospitals appear
worse than care at high-volume hospitals. In a study of
3161 colon cancer resections, these investigators found that
patients who had cancer resected at low-volume hospitals
had worse long-term survival than patients at high-volume
hospitals. However, patients at low-volume hospitals did
not have higher rates of death from colon cancer. In fact,
cancer recurrence and cancer deaths did not vary with vol-
ume. Patients at low-volume hospitals died sooner than
those at high-volume hospitals not because poor surgical
technique led to cancer recurrence and subsequent death
but rather because of conditions unrelated to colon cancer
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or its surgical treatment. This study offers 2 important
lessons about volume–outcome studies. First, one must
examine condition-specific outcomes that the quality of the
surgery is likely to influence in order to show that differ-
ences in outcomes are due to differences in surgical quality.
Second, patient factors rather than surgical expertise may
account for the observed differences between high- and
low-volume providers.

PROVIDER FACTORS

Provider factors that happen to be more common
among high-volume providers may mislead observers to
conclude that volume per se drives outcomes. Sophisticated
hospital computer systems, high nurse–patient ratios, or
state-of-the-art anesthesia equipment might improve surgi-
cal outcomes in any hospital yet could be more common in
high-volume hospitals. For example, a study of 10 complex
procedures in U.S. hospitals found that higher staffing lev-
els for resident physicians and nurses at high- compared
with low-volume hospitals accounted for observed links
between high volumes and favorable outcomes (10). Low-
volume hospitals with staffing levels similar to those at
high-volume hospitals achieved outcomes on par with
those of high-volume hospitals.

ANALYTICAL TECHNIQUES

The presence and magnitude of volume–outcome as-
sociations may depend on the analytical techniques inves-
tigators use to examine these associations. Volume–out-
come studies typically test the hypothesis that outcome
rates differ by more than expected by chance and often rely
on statistical tests that assume the outcomes of individual
patients are independent of each another. However, for
many reasons, a hospital or surgeon tends to attract similar
patients. This natural “clustering” means that 2 patients of
a single hospital (or surgeon) are more likely to be similar
than are 2 patients of different hospitals (or surgeons) (11).
In the presence of clustering, researchers must study more
patients to be reasonably certain that there are true differ-
ences related to volume. Researchers must also use statisti-
cal techniques that take clustering into account rather than
methods that assume independence between individual pa-
tients of a given provider. If they do not, they risk con-
cluding that volume is the cause of differences between
providers when the observed differences are actually con-
sistent with random variation.

In the second volume–outcome study reported in this
issue, Panageas and colleagues (2) show that inattention to
clustering could lead to potentially erroneous conclusions
about the link between volume and outcome. They mea-
sured associations of provider’s volume of surgical proce-
dures and surgical outcomes for 3 types of cancer surgeries
with and without adjusting for clustering of outcomes by
surgeon. In some cases, adjustment reduced the statistical
significance of volume-related outcome differences (as re-

flected by widening confidence intervals for the odds of
complications). A reduction in statistical significance with
adjustment for clustering indicates that the outcomes of
individual patients of a provider were not independent.
Panageas and colleagues also demonstrate that different sta-
tistical methods for adjusting for clustering give rise to
different estimates of the size of the volume–outcome ef-
fect. In fact, the best way to perform statistical analysis of
volume–outcome relationships is far from settled (12).
Only further methodologic research will determine the
ideal approach to these issues.

From Panageas and colleagues we learn to be skeptical
of claims of “statistically significant” effects of volume on
outcomes unless the authors have adjusted for clustering.
We also learn that clustering of outcomes by provider can
offer clues to variations in quality of care. Probing the
practices of provider clusters with good outcomes (regard-
less of their procedure volumes) can provide insight into
factors that promote desired outcomes.

CONCLUSION

While practice surely facilitates progress along the path
to better surgical outcomes, its importance relative to other
factors is far from clear. Differences in patient and provider
factors can make volume appear to have more influence on
outcomes than it really does. Because many studies have
neglected clustering, failed to focus on condition-specific
outcomes, inadequately adjusted for confounders, or as-
sumed that aggregate outcome data predict the outcomes
of individuals, the relationships between volume and out-
come are neither as straightforward nor as robust as much
of the literature suggests. The 2 studies in this issue exam-
ine volume–outcome relationships for surgical conditions,
but the same arguments apply to volume–outcome studies
of medical conditions such as HIV infection (13, 14). In
fact, studies of medical conditions may be more compli-
cated than studies of surgery because episodes of care are
difficult to define, multiple providers often care for a single
patient, and outcomes develop over a protracted period.
“Does practice make perfect?” is a question that we cannot
answer easily. Unfortunately, it appears that perfecting out-
comes will require more than simply directing patients to
providers with the most cases.
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