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Abstract
Objective—Aggressive treatment style, as defined by the Dartmouth Atlas of Health Care, has
been implicated as an important factor contributing to excessively high medical expenditures. We
aimed to determine the association between aggressive treatment style and surgical outcomes.

Data Sources/Study Setting—Medicare admissions to 3065 hospitals for general, orthopedic
and vascular surgery between 2000 - 2005 (N = 4,558,215 unique patients).

Study Design—A retrospective cohort analysis.

Results—For elderly surgical patients, aggressive treatment style was not associated with
significantly increased complications, but was associated with significantly reduced odds of
mortality and failure-to-rescue. The odds ratio for complications in hospitals at the 75th percentile
of aggressive treatment style compared to those at the 25th percentile (a $10,000 difference) was
1.01 (1.00-1.02), P<0.066; whereas the odds of mortality was 0.94 (0.93-0.95), P < 0.0001; and for
failure-to-rescue it was 0.93 (0.92-0.94), P < 0.0001. Analyses that used alternative measures of
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aggressiveness—hospital days and ICU days—yielded similar results, as did analyses using only
low variation procedures.

Conclusions—Attempting to reduce aggressive care that is not cost-effective is a laudable goal,
but policymakers should be aware that there may be improved outcomes associated with patients
undergoing surgery in hospitals with a more aggressive treatment style.

Keywords
Dartmouth Atlas; Aggressive Treatment Style; Medicare; Mortality; Complications; Failure-to-
Rescue

INTRODUCTION
The seminal works of John Wennberg (Wennberg and Gittelsohn 1973; Wennberg,
Freeman, and Culp 1987) documenting substantial geographic variation in use of health care
services, more recently updated by Elliott Fisher et al. (Fisher et al. 2003a, 2003b)
concerning aggressive treatment style have played an important role in understanding our
health care system. The Dartmouth Atlas now calculates several measures of the resources
expended in the last two years of life for Medicare patients diagnosed with one of nine
medical conditions to capture a hospital’s style of aggressiveness. Some of the most widely
referred to measures are average total spending, ICU days, and hospital inpatient days for
these patients. Patients and policy makers are now able to evaluate a hospital on its
aggressive style, i.e., how many resources it uses to treat patients at the end of life. As
aggressive treatment style is one of the most widely cited causes of waste in our healthcare
system (Fisher, Bynum, and Skinner 2009; Fisher et al. 2003a, 2003b; Gawande 2009;
Orszag 2009; Orszag and Ellis 2007; The White House Office of the Press Secretary 2009),
we sought to better understand how this style of practice may influence surgical outcomes in
the Medicare population.

We ask whether the level of intensity of treatment, or what we will refer to as “aggressive
treatment style” as defined by the Dartmouth Atlas, has benefits or risks associated with
mortality outcomes. We examine whether hospital level measures intensity or
aggressiveness are predictors of outcomes among surgical patients. While it has been
asserted that aggressiveness increases complications and worsens mortality rates (Consumer
Reports Health.org 2008; Fisher et al. 2003b; Gawande 2009; Skinner, Staiger, and Fisher
2006), we assess whether there is an increased rate of complications in surgical patients at
more aggressive hospitals, and whether levels of aggressiveness are associated with
differences in mortality. An advantage of studying surgical patients is that one can more
easily define complications than in medical patients (Lawthers et al. 2000), and in surgical
patients we can measure failure-to-rescue (the probability of surviving complications),
which is an outcome less susceptible to confounding from unmeasured patient severity than
complications and mortality (Silber et al. 2007; Silber, Rosenbaum, and Ross 1995a; Silber
et al. 1995b; Silber et al. 1992). The analysis focuses on the association between aggressive
treatment style and patient outcomes after surgery. We do not investigate whether
“aggressiveness” is associated with the incidence of surgery, although we conduct some
analyses that assess the issue of potential patient selection by studying low-variation
procedures (Wennberg and Gittelsohn 1973; Wennberg et al. 1987) (or less discretionary
procedures) and ask if we observe the same findings as in the overall study.
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METHODS
Conceptual Framework

We first present a simple identity that governs the net change in outcome (e.g., death) from a
change in hospital aggressiveness. Consider a change in a hospital’s treatment of patients,
that is, its intensity of care or “aggressiveness”, as moving from the 25th percentile to 75th

percentile of the distribution of an aggressive treatment style measure such as total end of
life expenditure as found in the Dartmouth Atlas. We can write the identity as the sum of the
conditional probability of death for those who do and do not have surgery:

(1)

Equation (1) states that the probability of death “P(D)” is equal to the probability of death
given a patient receives surgery “P(D∣S=1)” multiplied by the probability of having surgery
“P(S=1)” plus the probability of death given no surgery is performed “P(D∣S=0)” multiplied
by the probability that no surgery is performed “P(S=0)”. We view P(D∣S=1) as surgical
care quality. If one undergoes surgery, does the patient have a good chance at survival (after
adequately adjusting for severity)? P(S=1) is the surgical incidence. Finally, P(D∣S=0) is
“non-surgical mortality”. If a patient does not undergo surgery, the death rate should be low,
unless patients were being deprived of needed surgery.

From a policy perspective, one may wish to determine whether a change in aggressiveness
“ΔA”(e.g., a change from, say the 25th to the 75th percentile of aggressiveness) will increase
or decrease mortality. If we differentiate P(D) with respect to A, we get the following
expression (for details see Electronic Appendix):

(2)

The change in the probability of dying in response to a change in aggressiveness is ΔP(D)/
ΔA depends on three factors (see Electronic Appendix Equation 2 for details):

• ΔP(D∣S=1)/ΔA, which is the change in probability of death given surgery (surgical
quality of care) after a change in aggressiveness;

• ΔP(D∣ S=0)/ΔA, which is the change in the probability of death in those not
receiving surgery—a measure of non-surgical mortality after a change in
aggressiveness; and finally;

• ΔP(S=1)/ΔA, which is the change in surgical incidence after a change in
aggressiveness.

This paper focuses on the estimate of ΔP(D∣S=1)/ΔA, the change in the probability of death
after surgery given a change in aggressiveness. Thus, we do not assess the full effect of a
change in aggressiveness on mortality because we do not identify all three factors. However,
our focus is important because much of the discussion about health care reform considers
only the influence of aggressiveness, as measured by the change in surgical incidence
(ΔP(S=1)/ΔA), assuming that ΔP(D∣S=1)/ΔA is zero or even positive (Fisher et al. 2003b).
Much less attention has been paid to the other two factors: ΔP(D∣S=1)/ΔA (change in
surgical quality) and ΔP(D∣S=0)/ΔA (change in non-surgical mortality). Our analysis centers
on the relationship between aggressiveness and surgical quality because understanding this
relationship will aid in implementing any policy that aims to reduce hospital aggressiveness
in order to help reduce costs.
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Population
A description of the data set and the selection/exclusion criteria have been previously
reported (Silber et al. 2009; Volpp et al. 2007b; Volpp et al. 2009). We examined elderly
Medicare patients admitted to short-term general non-federal acute-care hospitals from July
1, 2000 to June 30, 2005 with principal procedure/DRG classification of general, orthopedic
or vascular surgery. The initial sample included 6,510,766 surgical patients from 5,736 acute
care hospitals within 50 states. After exclusions, a total sample of 4,558,215 patients from
3,065 hospitals was left.

Defining Aggressive Treatment Style
For most hospitals in the U.S., researchers associated with the Dartmouth Atlas of Health
Care (The Dartmouth Atlas Working Group) constructed measures of a hospital’s intensity
of resource use during the last two years of life for all deceased with nine chronic illnesses:
Malignant Cancer/Leukemia, Congestive Heart Failure, Chronic Pulmonary Disease,
Dementia, Diabetes with End Organ Damage, Peripheral Vascular Disease, Chronic Renal
Failure, Severe Chronic Liver Disease, and Coronary Artery Disease. Deceased patients
were assigned to the hospital in which they were admitted most often, and the
aggressiveness measures were calculated for the period 2001 to 2005. All aggressiveness
measures were adjusted for differences in patient age and sex. We focus on three measures
of hospital’s intensity associated with patients in their last 2 years of life: total hospital
expenditures, total ICU days and total hospital days. These measures are reported by the
Dartmouth Atlas at the hospital level, and do not represent figures based on a specific
patient in our dataset. We use the Dartmouth Atlas as it was intended—to identify hospitals
with styles that are more or less aggressive, as defined by their aggressiveness metric.

Defining Outcomes
Outcome measures were death within 30-days of hospital admission, in-hospital
complications, and failure-to-rescue. A patient was considered to have developed a
complication if any complication was noted during the index hospitalization, based on an
algorithm published previously (Silber et al. 2007) in which the 1999-2000 Medicare
Provider Analysis and Treatment File (MEDPAR) was used. Failure-to-Rescue (FTR) was
defined as a death following an in-hospital complication and both the complication list and
FTR definitions have been described in detail in other publications (Silber et al. 2007; Silber
et al. 1995a; Silber et al. 1995b; Silber et al. 1992) and are available online (National
Quality Forum 2008a, 2008b; The Center for Outcomes Research at The Children’s Hospital
of Philadelphia).

Risk Adjustment Variables
We used the risk-adjustment approach that was developed by Elixhauser and colleagues at
AHRQ (Elixhauser et al. 1998) with modifications which we have published on in recent
work (Silber et al. 2009; Volpp et al. 2007b; Volpp et al. 2009). The risk adjustment
included age, sex, 27 comorbidities (excluding fluid and electrolyte disorders and
coagulopathy) (Glance et al. 2006) and 37 interaction terms that we derived from previous
models. A 180-day lookback was used for identifying comorbidities (Deyo, Cherkin, and
Ciol 1992; Romano, Roos, and Jollis 1993; Silber et al. 2007; Stukenborg, Wagner, and
Connors 2001). There were a total of 82 DRG/Principal Procedure groups (Silber et al.
2007).

Defining Hospital Characteristics
The number of residents per hospital was obtained from Medicare Cost Reports. The
resident-to-bed (RB) ratio is defined as the ratio of (interns + residents)/average operating
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beds (Ayanian and Weissman 2002; Volpp et al. 2007a; Volpp et al. 2007b) and has been
used in previous studies (Taylor, Whellan, and Sloan 1999; Volpp et al. 2007b) to quantify
teaching intensity. We defined nurse-mix as the number of full time equivalent (FTE)
registered nurses (RNs) divided by the RN plus licensed practical nurses (LPN) FTEs. The
nurse-to-bed ratio was defined as RNs/average daily census. The Hospital Technology Index
was defined to be 1 if hospitals performed open heart surgery, organ transplantation or had a
burn unit, otherwise the index was 0 (Silber et al. 2009). Hospital size was defined by the
number of staffed beds as reported in the American Hospital Association Annual Survey.

Regression Models
We obtain estimates of the associations of interest using both logit regression models (using
SAS SURVEYLOGISTIC procedure, which accounts for the clustering of patients within
hospitals), (SAS Institute Inc. 2009), and hospital random effects in a hierarchical model
(using SAS GLIMMIX) (SAS Institute Inc. 2008). We estimated five regression models
using these two types of methods: (1) a base model including an aggressive treatment style
measure only adjusting for procedure type; (2) patient characteristics and procedure type; (3)
procedure, patient and five hospital characteristics; (4) procedure, patient characteristics,
five hospital characteristics, and geographic region fixed effects; and (5) procedure, patient
and five hospital characteristics in a random effects model where each hospital has its own
effect.

RESULTS
The first outcome we examined was the probability of developing a complication during the
surgical stay. Note that the overall rate of patients who developed at least one of 39 types of
complications was 44%, consistent with our previous work (Silber et al. 2007; Silber et al.
2009). In Table 1 we can observe the influence of a more aggressive style versus a less
aggressive style by comparing the odds of developing a complication when going from the
25th percentile of aggressiveness to the 75th percentile of aggressiveness for each of the
three measures of aggressiveness. As can be seen in Table 1, there was almost no association
between the odds of developing a complication and the level of aggressiveness at the
hospital.

Table 2 examines whether the style of aggressiveness was associated with the probability of
death. Here we found significant associations between aggressiveness and mortality, where
the greater the aggressiveness the lower the probability of dying. We observed about a 6 to 7
percent decline in the odds of dying for a shift from the 25th to the 75th percentile in
aggressiveness, when measuring aggressiveness by total expenditures or hospital days. For
ICU days, there was approximately a 4 percent reduction in the odds of dying.

Table 3 displays the association between aggressiveness and failure-to-rescue. Again, we see
significant differences associated with aggressiveness, which are slightly larger than with
mortality. In other words, once a patient develops a complication, more aggressive hospitals
appear to do a better job at preventing mortality by reducing failure-to-rescue than less
aggressive hospitals, with odds ratios associated with a shift from the 25th to the 75th

percentile in aggressiveness corresponding to a 5 to 8 percent reduction in the odds of
failure-to-rescue.

Examining Longer Follow-up Intervals: Are survival benefits associated with aggressive
hospitals durable?

We chose to report 30-day mortality because it is the most widely utilized measure of
surgical quality, precisely because the 30-day interval allows for including most deaths that
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are associated with surgery yet does not extend so far from the index hospitalization as to
become a poor reflection of the actual care provided in the index hospitalization due to
confounding from other extraneous post-discharge treatment effects and baseline hazards. In
contrast, Fisher et al.(Fisher et al. 2003a, 2003b) have used 365-day mortality and even 5-
year mortality when reporting the lack of association between aggressiveness and mortality
in surgical procedures, and most recently Barnato et al.(Barnato et al.) have suggested that
longer follow-up intervals show smaller associations between aggressiveness and outcomes,
although still finding significant associations at 180 days.

In Table 4 (on the left-hand side) we report on 30, 60, 90 and 365-day mortality for two
models, one with procedure and patient characteristics and one with procedure, patient and
hospital characteristics and region identifiers (identical to the specifications in the 2nd and
4th models in Table 2 for a $10,000 change in aggressiveness). For each of these models we
also report odds ratios for 365-day mortality in patients who survived either 30, 60, or 90
days (see the right-hand side of the table).

Consistent with Barnato et al. (Barnato et al. 2010), more aggressive hospitals are
significantly associated with a lower odds of mortality using either 30, 60, 90 or 365 day
mortality (though by 365 days the effect appears much smaller). However, when we look at
the 365-day results only in those who survived beyond 30, 60, or 90 days (the right-hand
side of Table 4) we see that there is no increase in the hazard of dying in patients treated at
more aggressive versus less aggressive hospitals. Therefore the early survival advantage
from admission to more versus less aggressive hospitals appears to be durable. This
advantage is not as apparent in the 365 day analysis, in part because the normal hazard rate
for mortality in patients after surgery (both those admitted to more or less aggressive
hospitals) is diluting out the benefits that occur in the early period. The use of short-term
mortality such as 30-day mortality appears to be appropriate when studying this question,
because the deaths observed after this early period occur at the same rate in both the
survivors of more or less aggressive index hospitalizations. Reporting only the unconditional
365-day mortality would severely underestimate the survival advantages at more aggressive
hospitals by allowing the similar late hazard for mortality in both groups to dilute the initial
and durable 30-day mortality advantage observed in the more aggressive hospitals.

Examining Low Variation/Low Discretionary Surgeries
In the classic studies of Wennberg (Wennberg et al. 1987), procedures were grouped by
their variation in utilization. Low variation procedures were ones thought to have low
discretion on the part of the health care provider and hence would be associated with less
selection bias. For the present study, presumably these low variation procedures would be
performed at similar rates at more and less aggressive hospitals and hence less potential
differences in patient unobserved severity between hospitals would be expected. In this case,
if we see benefits from aggressiveness in the low variation procedures, this would provide us
with some reassurance that such benefits of aggressiveness were not due to unobserved
severity in the lower aggressiveness hospitals, as there was little discretion in receiving such
procedures. Seeing similar results across low variation procedures as compared to our
overall results would reassure us that what we are reporting in Tables 1-3 is not an artifact
due to unobserved severity.

We therefore examined the influence of aggressiveness on procedures that displayed higher
or lower variation in use across all Health Referral Regions (HRRs) (Wennberg et al. 1996)
in the data set. To do this, we modeled Medicare’s Diagnosis Related Groups (DRGs) for
our study population combining those described as with or without comorbidities or
complications into 31 unique entities. Using these DRG procedure groups, we estimated the
probability of a patient undergoing one of these procedures based on a random effects model
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(using GLIMMIX) that included age, sex, 27 patient comorbidities and the 114 HRRs. We
ran separate models for each of the 31 DRG groups. The associated across-HRR variance
using the GLIMMIX random effects model was our estimate of adjusted procedure rate
variation. We ranked all DRG procedure groups based on their across HRR variance and
defined the bottom third as the low variation group. (We provide these DRGs in Table 4 of
the Electronic Appendix.) For these low variation procedures we examined the association
of complications, deaths, and failure-to-rescue with aggressiveness defined by Dartmouth
Atlas hospital specific end of life expenditures, hospital days and ICU days, fitting the same
four types of models as described for Tables 1-3.

As is reported in the Electronic Appendix Tables 1b, 2b and 3b, our results were almost
identical when limiting our analysis to low-variation procedures. This reinforces the
evidence presented earlier that there is no difference in the rate of complications among
more or less aggressive hospitals. If an aggressive style was associated with a different
composition of patients (different P(S=1)), then we may expect a different rate of
complications in those selected for surgery, which was not the case. We also found similar
mortality and failure-to-rescue rates.

We also examined a subset of cases that would be associated with more immediate need for
surgery (hip fracture, appendectomy and colectomy for colon cancer cases). Again, we
found almost identical results to those reported in Tables 1-3. See Electronic Appendix 1c,
2c and 3c.

Studying non-linear effects from aggressive treatment style
Recent work by Barnato et al. (Barnato et al.) suggests that as hospitals become more
aggressive, the marginal benefit of the next unit of aggressiveness appears to decline. In
order to study this in our model we used two approaches. We first added a quadratic term to
the 30-day mortality model in Table 2 (model 4, the logit model with patient, hospital and
region). We found that the linear and quadratic terms for aggressiveness (where 1 unit =
$10,000) were: -0.1509x+0.00848x2, with both terms being significant at the P < 0.0001
level. At the 25thpercentile of aggressiveness expenditure (x = 2.3687) the slope would
correspond to -.1106. At the 75th percentile of aggressiveness expenditure (x = 3.2593) the
slope would correspond to -0.0956. The odds ratios associated with these slopes were almost
identical (0.90 versus 0.91 respectively). Alternatively, we also modeled aggressiveness
with a linear term that can take on different values above and below the median level of
aggressiveness (corresponding to a breakpoint at the median value of $26,751). The slope
(in the logit model) below the median was -0.0972 and the slope above the median was
-0.0679 corresponding to odds ratios of 0.91 and 0.93 respectively. The difference between
these slopes was not significant (P< 0.3478) despite being based on 4.47 million
observations.

DISCUSSION
Conditional on having surgery, there appear to be some advantages associated with being
operated on in hospitals that are categorized as having a more aggressive treatment style.
Our results show that patients in more aggressive hospitals did not develop an increase in
complications, and if a complication did occur, patients were significantly more likely to
survive these events than in less aggressive hospitals.

Our results do not suggest that aggressiveness is unambiguously good, as we have focused
on only one of three possible consequences of a more aggressive style -- that being surgical
quality of care (see Equations 1 and 2). Aggressiveness may have adverse effects that
operate through the other two channels: the probability of death for non-surgical patients and
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the incidence of surgery. However, to make the case for reducing aggressiveness, any
adverse effects that work through these other two channels must offset some of the positive
effects suggested by our results.

Since aggressiveness does not influence the rate of complications, but does improve failure-
to-rescue, we may ask if better survival in aggressive hospitals is a good thing. While we
cannot assume that lower failure-to-rescue in aggressive hospitals is always desirable, it is a
much more reasonable assumption than to believe that the increase in saved lives associated
with higher aggressiveness is unfortunate--that a patient who develops a complication and is
saved would have been better off dead. We found evidence from Table 4 that the better 30-
day mortality associated with patients treated at more aggressive hospitals did not produce
elevated death rates after 30 days in those survivors treated at the more aggressive hospitals
as compared to 30-day survivors in less aggressive hospitals. Hence, the benefits associated
with more aggressive hospitals appear durable.

Our study has several limitations. Our data was limited to Medicare claims and we did not
have the ability to collect chart information. There may be selection of less severely ill
patients in the hospitals with more aggressive treatment style that may account for our
findings. We believe there is no indication that inadequate adjustment somehow led to the
observed association between increased aggressiveness and better outcomes. All analyses,
even ones with only adjustment for procedure, provided similar results. Second, when we
calculated the probability of death following complications (the failure-to-rescue analyses),
we again found similar results. As the failure-to-rescue analyses only include those with
complications, the severity adjustment problem is reduced because complicated patients are
more homogeneously ill than a mixture of patients with and without complications (Silber et
al. 2007; Silber et al. 1995a). Finally, the stability analyses on a subset of patients having
low-variation procedures also displayed similar findings. Nevertheless, we cannot rule out
the possibility that hospitals deemed to be more aggressive through the aggressiveness
measure are the very same hospitals that over-report complications and comorbidities. If this
were the case, a spurious association may be observed between increased aggressiveness and
lower adjusted mortality.

Another limitation involves our ability to be certain that aggressive treatment style measures
as reflected in the Dartmouth Atlas for the nine conditions used to construct their measure
are reasonable proxies for surgical care aggressiveness in the procedures we report on in this
study. As evidence that the Dartmouth aggressiveness measure does reflect aggressive
hospital style beyond the nine conditions used to define the measure, we have found that
these aggressiveness measures are associated with total spending on surgical patients
(Kaestner and Silber 2009). Specifically, aggressiveness measures for a hospital were
strongly and positively associated with resource use for patients admitted to that hospital for
general surgery, orthopedic surgery, and vascular surgery. In other words, the same style
that leads to high expenditure in the Dartmouth Atlas also leads to high expenditure on our
surgical admissions within the same hospital. In the Electronic Appendix Table 5 we present
the relationship between the aggressive treatment style measures and total hospital
expenditures based on the surgical population in this study. We found that the Dartmouth
aggressiveness measures were associated with overall hospital spending for the procedures
we studied. Furthermore, a previous study by Barnato et al. (Barnato et al. 2009) has shown
a high correlation between a hospital’s end of life spending and a hospital’s spending on all
patients who are severely ill, those with a probability of death greater than 21%. Finally, and
most important, if the aggressiveness measures were meaningful only for the nine conditions
used in their measure, we should not have seen any significant relationship between these
aggressiveness measures and our outcome measures, yet we found highly significant and
large effects for both mortality and failure to rescue.
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While we have reported our results in terms of adjusted odds ratios, it is also helpful to think
about the absolute probability differences between hospitals with more or less aggressive
treatment styles. To do this, we computed directly standardized (Bishop, Fienberg, and
Holland 1975) 30-day death rates and failure-to-rescue rates for all patients in the study,
assuming each patient was operated on in a hospital associated with a 25th percentile versus
a 75th percentile aggressive treatment style. The mean differences in rates of death were 2.7,
1.6 and 6.7 deaths per thousand admissions for general surgery, orthopedics and vascular
surgery respectively. For failure-to-rescue the rates were 5.6, 4.1, and 9.4 deaths per 1000
patients with complications, respectively. In populations where the underlying mortality rate
is higher, such as in vascular surgery, the significant reduction in the odds of death at
hospitals with more aggressive treatment style is reflected in a larger number of reduced
deaths than when the underlying risk of death (or failure-to-rescue) is lower.

One can easily imagine that while aggressive care is associated with better survival after
surgery, the cost per life saved may be quite variable (Kaestner and Silber 2009). In a recent
study by Chandra and Staiger (Chandra and Staiger 2007), they find that aggressive hospital
care may save lives and do so at a relatively low cost. Other studies report similar results
(Card, Dobkin, and Maestas 2008; Doyle 2005, 2008).

The fact that we found that increased aggressiveness was significantly associated with
reduced mortality and reduced failure-to-rescue is an especially important observation given
the nature of the definition of aggressiveness. Much has been made of the lack of association
between aggressiveness and process measures (Yasaitis et al. 2009). If aggressiveness was
not associated with better process, as the argument goes, then reducing aggressiveness
should not worsen quality. Our results suggest that when measuring outcomes in surgical
procedures, there appears to be a significant and durable benefit from undergoing surgery in
hospitals with a more aggressive treatment style as defined by the Dartmouth Atlas.

Finally, in a recent study of heart failure outcomes in six California Hospitals, Ong and
colleagues (Ong et al. 2009) reported a strong association between increased aggressiveness
and better outcomes, in distinction to the Dartmouth results. Ong points out that by defining
aggressiveness through looking backward and only studying the deaths, there is an implicit
assumption that the probability of death, conditional on severity, is not influenced by the
intensity of treatment and furthermore that those who survived had similar expenditure
patterns – something that may not be true if hospitals use the patient’s chances of survival as
a variable in deciding how to expend resources. In a similar manner, we chose to examine
the outcomes of surgical patients looking forward in time, and present findings consistent
with Ong, but on a larger scale. Our thought was that the problems inherent in the
aggressiveness methodology would be especially transparent in surgical patients because we
could directly measure failure-to-rescue, the probability of death after complications.
Presumably there are costs to rescuing patients who develop complications, and the choice
to be less aggressive may directly influence the failure-to-rescue effectiveness.

Our findings suggest a more narrow application of the concept of “aggressiveness” than the
one now widely adopted, as evidenced by articles in popular press and statements by
policymakers. We have presented evidence of a beneficial effect of aggressive or intensive
treatment of surgical patients, in contrast to the broader view that aggressiveness is wasteful.
We believe that these results provide an important cautionary note for a national level policy
based on a one-size-fits-all interpretation of aggressiveness, for example, by reimbursing
hospitals by making use of a standard of care that is based on differences in geographic
variation in resource use such as the aggressiveness measures reported in the Dartmouth
Atlas.
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Why does aggressive care appear to be associated with better surgical outcomes? Possibly
the more aggressive hospitals are also ones with better facilities for handling patients who
develop complications. Note however that we did report similar results when we adjusted
for the hospital characteristics of size, technology, nurse-to-bed ratio, nurse skill mix, and
finally resident-to-bed ratio.

In conclusion, surgery at hospitals with more aggressive treatment styles is associated with
better surgical outcomes. Studying these practice styles may help improve quality. The
recent emphasis on comparative effectiveness research will hopefully allow us to better
understand why patients operated on at more aggressive hospitals appear to have better
outcomes.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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