
More than 80% of hospitals in the United States
use critical pathways as care strategies for at
least some patients.1 Critical pathways are man-

agement plans that specify goals for patients and the
corresponding ideal sequence and timing of staff actions

to achieve those goals with optimal efficiency.2

Implementation of critical pathways, developed for
myriad diseases and admitting diagnoses, usually
requires a substantial time commitment by a multidis-
ciplinary development team.2 Such endeavors are large-
ly regarded as worthwhile by healthcare managers who
have “embraced critical pathways as a method to
reduce variation in care, decrease resource utilization,
and potentially improve healthcare quality.”3

The major goal of a critical pathway is to maximize
clinical efficiency of care by reducing patient length of
stay (LOS) and resource utilization. By closely coordi-
nating care by both nursing and medical staff from the
time a patient is admitted until hospital discharge, path-
ways are theoretically well suited to minimize waste and
inefficient care. Unfortunately, evaluation of the effec-
tiveness of critical pathways has been inadequate.4,5 The
University of Michigan Medical Center, a tertiary-care
academic medical center, has been using critical path-
ways for more than a decade. To evaluate the effective-
ness of critical pathways at that center, we assessed
whether these clinical management plans have been suc-
cessful in reducing patient LOS and resource utilization.
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Background: Critical pathways are healthcare management
plans that specify patient goals and the sequence and timing of
actions necessary to achieve these goals with optimal efficiency.
More than 80% of hospitals in the United States use critical path-
ways for at least some of their patients. Unfortunately, critical path-
way effectiveness in improving clinical efficiency is unclear.

Objectives: To assess whether critical pathways have been suc-
cessful in reducing patient length of stay (LOS) and resource uti-
lization in our tertiary-care academic medical center.

Study Design: A before-and-after observational study using
multivariate linear regression analyses.

Methods: We identified all critical pathways initiated in our
medical center between 1993 and 1996 in which at least 50 adult
patients would be evaluated in the year preceding and succeeding
pathway implementation; 13 pathways satisfied these inclusion cri-
teria. Using a before-and-after design, multivariate linear regres-
sion was used to evaluate each pathway’s effect on average
monthly LOS and resource utilization after adjusting for case mix
and secular trends.

Results: Three of the 13 pathways were associated with a statisti-
cally significant immediate decrease in inpatient LOS: acute myocar-
dial infarction (20.7% decrease; P = .001), cesarean section (14.6%
decrease; P = .03), and kidney transplantation (24.5% decrease; P =
.003). Only 1 pathway, percutaneous transluminal coronary angio-
plasty (PTCA), produced a statistically significant decrease in LOS
slope (a decrease of 5.2% per month; P = .001). Two pathways were
accompanied by a statistically significant immediate reduction in
ancillary resource utilization: kidney transplantation (26.4%
decrease; P = .001) and community-acquired pneumonia (21.8%
decrease; P = .002). Only the PTCA pathway produced a statistical-
ly significant decrease in resource utilization slope during the 12-
month follow-up period (a decrease of 8.4% per month; P < .001).

Conclusions: Although some pathways did reduce LOS or
resource utilization or both, most pathways reduced neither.
Because substantial resources must be expended on pathway devel-
opment, implementation, and maintenance, future efforts should be
placed on further evaluating the effectiveness of critical pathways
and understanding the reasons behind their success or failure before
additional resources are consumed for this management strategy.
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METHODS

Setting
The University of Michigan Medical Center, an 872-

bed hospital with a level-1 trauma center, is a primary
referral hospital in Southeastern Michigan. Critical
pathways have been developed and widely implemented
for various disorders and admitting diagnoses at the
University of Michigan Medical Center since 1991.

Pathway Development and Implementation
Pathway development at the University of Michigan

Medical Center entailed a multidisciplinary process,
usually led by either a physician or nurse with special
expertise or interest in the disease process focused on
by the pathway. For each pathway, 4 steps usually
occurred. (1) A series of meetings were held, often dur-
ing the course of several months, in which evidence
from both published literature and expert opinion were
used to develop a final version of the pathway for use in
patients with the diagnosis of interest. (2) The pathway
was then disseminated to the nursing and medical staff
providing clinical care to patients with the diagnosis
under consideration. (3) In addition to educating the
nursing and medical staff about the specifics of the
pathway, copies of the pathway were available in each
clinical area for future reference. (4) A person was
appointed as pathway “leader” so that modifications
could be made in a coordinated manner as needed in
response to new information. For a few pathways, the
clinical staff occasionally used the pathway as an orien-
tation tool for new house officers or nurses. In their final
versions pathways were generally formatted as Gantt
charts, thereby outlining the suggested processes of
care using a time-task matrix.2 Of note, no type of
incentive—financial or otherwise—was offered to
encourage pathway use.

Data
We identified all critical pathways initiated in our

medical center between 1993 and 1996 in which at least
50 adult patients were evaluated in the year preceding
and succeeding pathway implementation. Thirteen
pathways satisfied inclusion criteria. The diagnoses (or
procedures) covered by these pathways were the fol-
lowing: acute myocardial infarction, acute pancreatitis,
asthma, breast surgery, cesarean section (C-section),
community-acquired pneumonia (CAP), hip arthroplas-
ty, kidney transplantation, knee arthroplasty, liver
transplantation, lung lobectomy, percutaneous translu-
minal coronary angioplasty (PTCA), and radical
nephrectomy. We used ICD-9 procedure or diagnosis
codes to identify patients who would be considered for

management by each pathway. As we were primarily
interested in the effectiveness of pathways as a manage-
ment method, we included patients whether or not they
were actually managed on the particular pathway. (If
this were a clinical intervention, our approach could be
termed an intention-to-treat analysis.)

We excluded patients transferred into our hospital
for continued inpatient care, as most such patients like-
ly would not have been managed by a pathway. We also
excluded LOS outliers, defined as those patients with a
LOS more than 3 standard deviations above the geo-
metric mean for their corresponding diagnosis-related
group (DRG). We excluded outliers for 2 reasons. First,
we believe that such patients are fundamentally differ-
ent from the population we wished to generalize about
and are not part of the target population for the appli-
cation of critical pathways. Specifically, outlier patients
tend to have very severe or complex illness (or occa-
sionally social issues) requiring a completely different
management approach than that used in most routine
cases. The pathways concept itself is not suited for
addressing extreme situations; indeed, the strategy is
based on clinical experience with routine cases.
Second, even if we thought extreme outliers in this
study were part of the same population as the other
cases, there are statistical reasons to assess them differ-
ently. In situations in which extreme skew exists, a vari-
ety of techniques are commonly used. We believe that
outright deletion did not provide a substantially differ-
ent result from the down-weighting that would have
occurred with the other statistical techniques that we
would have had to use if we had left the DRG outliers in
the sample (eg, median or quartile regression).

Analysis
Using a before-and-after design, we evaluated each

pathway’s effect on patient LOS and resource utilization
(as determined by University of Michigan-derived stan-
dardized relative value units6). The unit of observation
was the average monthly LOS or resource utilization,
adjusted for case mix. We constructed separate linear
regression models for each pathway using each outcome
(LOS and resource utilization) and included patient data
1 year before and 1 year after pathway implementation.

To account for secular trends, 5% of patients with
other diagnoses but in the same general discipline as
pathway patients (eg, surgery, cardiology) were ran-
domly selected to serve as controls. In this manner, we
were able to assess both secular trends occurring specif-
ically among pathway patients as well as overall ecolog-
ical effects occurring in the hospital. We used regression
models to evaluate whether any change in LOS or
resource utilization could be detected after pathway
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implementation. Specifically, we looked for both a 1-
time immediate change and a change in the slope of uti-
lization over time occurring after the pathway was
implemented.

Any changes observed were compared with changes
in the nonpathway diagnoses as a control group, and
only those changes above and beyond those seen in non-
pathway diagnoses were considered as potentially attrib-
utable to the pathway. Thus our regression models
included variables identifying whether an observation
was pathway or nonpathway (PATH), the month of the
observation (MONTH), and whether the observation was
from before or after pathway implementation (PERIOD).
The interaction between pathway and period tested the
hypothesis that a 1-time decrease (or increase) in uti-
lization occurred after implementation. The 3-way inter-
action between PATH, MONTH, and PERIOD tested the
hypothesis that there was a change in the slope of uti-
lization over time after pathway implementation that
was above and beyond any background ecologic changes
occurring in nonpathway diagnoses. The full model
included all possible 2-way interactions and the 3-way
interaction. However, if the 3-way interaction was not
significant it was dropped from the model. Thereafter,
any nonsignificant 2-way interactions were dropped.
The 2-way interaction testing the hypothesis of the 1-
time change in utilization was retained in the models
regardless of its statistical significance.

To simplify interpretation of the results of the regres-
sion model, Figures 1 and 2 represent the final model
developed using the above strategy for each diagnosis.
We used a natural log transformation so that the distri-
bution of the dependent variables would more closely
approximate the normal distribution. Although dramat-
ic changes in patient case mix are atypical within a 24-
month period at our facility, we nevertheless adjusted
for such changes using the DRG case-mix index. Our
analyses therefore account for both secular trends and
case-mix changes within groups.

A pathway was considered successful if a statistically
significant decrease, immediate or gradual, was noted in
1 of the outcome measures. Statistical significance for
all analyses was based on a 2-sided P < .05. Analyses
were conducted with SAS version 6.08 (SAS Institute
Inc, Cary, NC).

RESULTS

Overall, 5 of the 13 pathways (38%) were associated
with a statistically significant decrease in LOS, resource
utilization, or both, after controlling for secular trends
and case-mix changes (Table). Evaluating pathway

effects stratified by outcome measure, however, provid-
ed additional important information.

Pathway Effects on Length of Stay
No statistically significant increase in LOS was noted

after pathway implementation. Three of the 13 path-
ways were associated with a statistically significant
immediate decrease in LOS: acute myocardial infarc-
tion (20.7% decrease; P = .001; Figure 1a), C-section
(14.6% decrease; P = .03; Figure 1e), and kidney trans-
plantation (24.5% decrease; P = .003; Figure 1h). Only 1
pathway, PTCA (Figure 1l), produced a statistically sig-
nificant decrease in LOS slope (5.2% decrease per
month; P = .001). Of note, the PTCA pathway was not
associated with an immediate decrease in LOS. For
most of the 13 pathways (69%), no significant decrease
in LOS was noted either immediately or during the
course of the 12-month follow-up period.

Pathway Effects on Resource Utilization
Two pathways were accompanied by a statistically

significant immediate reduction in ancillary resource
utilization: kidney transplantation (26.4% decrease; P =
.001; Figure 2h) and CAP (21.8% decrease; P = .002;
Figure 2f). Again, only the PTCA pathway (Figure 2l)
produced a statistically significant decrease in resource
utilization slope during the 12-month follow-up period
(8.4% decrease per month; P < .001). In the asthma
pathway (Figure 2c), a statistically significant increase
was noted in resource utilization immediately after
pathway implementation (17.7% increase; P = .04).
Similar to the findings with LOS, most of the pathways
(77%) did not significantly decrease resource utiliza-
tion either immediately or during the 12-month follow-
up period.

Importantly, if we had not accounted for secular
trends, the pathway for C-section would have appeared
to reduce resource utilization by 45.2% (P < .001).
However, after including ecological changes within our
regression models, the effect of the pathway was no
longer statistically significant (18% reduction in
resource utilization; P = .13).

Graphical Display of Pathway Effects
Figures 1 and 2 depict how each of the 13 pathways

affects LOS and resource utilization, respectively. In
general, if a pathway was associated with a significant
decrease in LOS it was also associated with a significant
decrease in resource utilization. As can be seen, howev-
er, most of the time pathway implementation was statis-
tically unrelated to either LOS or resource utilization.
Figures 1 and 2 do reveal a marked heterogeneity of
pathway effectiveness across the different diagnoses and
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procedure. Describing a few of the pathway results in
detail clarifies the varied effects of the pathways.

For the LOS evaluation, the pathways for acute
myocardial infarction (Figure 1a), C-section (Figure
1e), and kidney transplantation (Figure 1h), were asso-
ciated with an immediate decrease in LOS following the
intervention but no gradual effect (ie, the intervention
changed the intercept but not the slope). The PTCA
pathway (Figure 1l) reveals no immediate effect of the
intervention but a substantial gradual effect (ie, the
intervention changed the slope but not the intercept).

This example highlights the need to allow for gradual
effects in the evaluation process and for evaluating the
effect of a pathway several months after implementa-
tion. The plots in Figure 2 evaluating resource utiliza-
tion are roughly similar to the plots for the
corresponding pathways in Figure 1.

DISCUSSION

We evaluated the effectiveness of critical pathways to
improve clinical efficiency in 13 clinical areas in our

Figure 1. Effect of Each Pathway on Length of Stay

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month

Lo
g 

(L
O

S)

24

Acute myocardial infarction (Figure 1a)

1.5
1.2
.9
.6
.3
.0

−.3

1 12
Month

Lo
g 

(L
O

S)

24

Caesarian section (Figure 1e)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month

Lo
g 

(L
O

S)

24

Knee arthroplasty (Figure 1i)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month

Lo
g 

(L
O

S)

24

Radical nephrectomy (Figure 1m)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month
24

Acute pancreatitis (Figure 1b)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month
24

Community-acquired pneumonia (Figure 1f)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month
24

Liver transplantation (Figure 1j)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month

Lo
g 

(L
O

S)

24

Name of pathway Control

Pathway

Natural Log of Dependent Variable

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month
24

Asthma (Figure 1c)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month
24

Hip arthroplasty (Figure 1g)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month
24

Lung lobectomy (Figure 1k)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month
24

Breast surgery (Figure 1d)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month
24

Kidney transplantation (Figure 1h)

1.5
1.2
.9
.6
.3
.0

−.3

1 12

Month
24

PTCA (Figure 1l)

PTCA indicate percutaneous transluminal coronary angioplasty.
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institution. Our study revealed the following important
finding: although some pathways did reduce LOS,
resource utilization, or both, most pathways reduced
neither. Our findings add to the growing, but still limit-
ed, number of studies that have evaluated critical path-
ways while also considering the secular trends that have
been reducing LOS and resource utilization independ-
ent of pathway use. Whereas several earlier uncon-
trolled studies7 that did not consider secular trends
have found critical pathways to be effective in increas-
ing efficiency, 2 recent studies have not found critical
pathways to be effective once ecological trends and
other quality improvement strategies are considered.8,9

Given the decrease in LOS observed during the past
decade in US hospitals, it is important that investigators
evaluating pathway effectiveness adjust for this down-
ward trend. Indeed, when we estimated national ecolog-
ical trends using the national Healthcare Cost and
Utilization Project database (http://www.hcup.
ahrq.gov/HCUPNet.asp), which was funded by the
Agency for Healthcare Research and Quality, we found
substantial similarity between our data and the secular
trends found in the population as a whole.

Pearson and colleagues8 performed a before-and-
after evaluation of 5 surgical pathways implemented
between 1993 and 1997 in their tertiary-care hospital.

Figure 2. Effect of Each Pathway on Resource Utilization
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Although each pathway significantly decreased postop-
erative LOS (from 3% to 21% depending on the path-
way), similar reductions in LOS were observed for 3 of
the procedures at surrounding hospitals not using path-
ways.8 Based on their findings, Pearson and colleagues8

“dropped” plans to develop pathways for additional con-
ditions. In their study of Medicare beneficiaries at 32
Connecticut hospitals, Holmboe and colleagues9 evalu-
ated the effectiveness of a critical pathway for patients
hospitalized with acute myocardial infarction.
Compared with patients in hospitals without an acute
myocardial infarction critical pathway but using other
quality improvement strategies (eg, physician opinion
leaders and peer review), patients hospitalized at the 10
pathway hospitals had similar lengths of stay.9

Additionally, patients in hospitals using critical path-
ways did not have increased use of proven medical ther-
apies (eg, aspirin, beta-blockers, reperfusion) or an
improved survival compared with patients hospitalized
at medical centers not using an acute myocardial infarc-
tion pathway.9 However, a recent study by Marrie and
colleagues10 from Canada focusing on a critical pathway
for CAP found that pathway to be substantially more

efficient than standard care. Specifically, this 19-center
randomized trial found that hospitals randomized to the
critical pathway had significantly reduced average LOS
(8.2 days vs 9.6 days) and duration of intravenous
antibiotics (4.6 days vs 6.3 days), without worsening
quality of life or increasing the rate of adverse events.10

What are the implications of our findings in the con-
text of previous work performed in this area? Because
substantial resources must be expended on pathway
development and implementation,5 pathway effective-
ness should be clearly demonstrated before additional
resources are consumed for this management strategy.
The confidence placed in critical pathways as a man-
agement tool to coordinate a large number of diagnoses
and procedures to enhance clinical efficiency should
perhaps be re-appraised. However, although the major-
ity of pathways we evaluated were not effective, some
clearly were. In fact, the PTCA pathway, in particular,
was markedly successful in decreasing both LOS and
resource utilization. Thus, increased efforts should be
made to focus on those diagnoses or procedures that are
most likely to benefit from the application of a critical
pathway.

Table. Overall Effects of the 13 Pathways Implemented at the University of Michigan Medical Center,
Adjusted for Secular Trends and Patient Case-Mix

Patients (n)
Assigned to Change in Change in

to Pathway Diagnosis Control Length of Stay Resource Utilization
Pathway or Procedure Patients (n)* (P value) (P value)

Acute myocardial infarction 474 2689 −20.7% (0.001) +5.0% (0.48)

Acute pancreatitis 297 2864 +16.9% (0.09) –4.1% (0.67)

Asthma 426 1987 +8.1% (0.27) +17.7% (0.04)

Breast surgery 338 2862 −16.6% (0.30) –3.2% (0.65)

Cesarean section 416 2478 −14.6% (0.03) –18% (0.13)

Community-acquired pneumonia 360 2877 −11.9% (0.13) –21.8% (0.002)

Hip arthroplasty 202 2996 −1.9% (0.89) –6.3% (0.45)

Kidney transplantation 258 1888 −24.5% (0.003) –26.4% (0.001)

Knee arthroplasty 201 2290 −12.5% (0.20) +6.9% (0.41)

Liver transplantation 79 2761 −26.9% (0.07) –1.7% (0.95)

Lung lobectomy 84 3123 +6.7% (0.62) +1.6% (0.85)

PTCA 806 1995 −5.2% (per month)† (0.001) –8.4% (per month)† (<0.001)

Radical nephrectomy 131 2724 +5.6% (0.62) +6.5% (0.53)

*To account for secular trends, 5% of patients with other diagnoses but in the same general discipline as pathway patients (eg, surgery,
cardiology) were randomly selected to serve as controls.
†Effect is per month (ie, pathway affected slope, not intercept).
PTCA indicates percutaneous transluminal coronary angioplasty.
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Evaluating the reasons behind the success or failure
of an individual pathway is complex. When considering
the results of our evaluation, we identified some possi-
ble explanations for why some pathways were success-
ful while most were not. Importantly, these
explanations were not based on a priori hypotheses and
thus serve primarily for hypothesis generation.
Pathways for a few surgical procedures were successful.
Specifically, the pathways for C-section and kidney
transplantation reduced LOS or resource utilization sig-
nificantly more than secular trends would have predict-
ed at our hospital. We were unable to determine why
these pathways were successful while pathways for the
other surgical procedures were not. One hypothesis is
that kidney transplantation and C-section are relatively
routine procedures, thus lending themselves to closely
coordinated care. Additionally, perhaps if we had larger
sample sizes, some of the other surgical pathways would
have led to statistically significant decreases in LOS (eg,
knee arthroplasty) or resource utilization (eg, hip
arthroplasty). Most of the remaining unsuccessful surgi-
cal pathways, however, had very little effect on LOS or
resource utilization, indicating that lack of power would
be an unlikely explanation for our findings. Yet even if
some of these pathway effects were statistically signifi-
cant, often the modest effect sizes would not justify
their use. Pathways are, after all, practical management
tools, and their purpose is to obtain clinically meaning-
ful effects, not merely statistically significant ones. 

Pathways for cardiology-related domains also appeared
to be successful. We have a potential explanation for these
findings. During the past several years at our institution,
much effort has been expended in improving the quality
of care patients with cardiovascular disorders receive.
Indeed, the cardiology leaders of these quality improve-
ment efforts at our institution have published their suc-
cessful efforts widely.11-13 Thus, having well-respected
opinion leaders spearhead quality improvement initia-
tives in a focused clinical area likely accounts for the suc-
cess of the cardiology-related pathways in our hospital.
However, pathways intended for 2 medical diagnoses
(asthma and pancreatitis) were not effective, perhaps due
to their notably variable clinical courses and high degree
of patient-specific management strategies.

Given our results and those of others who have eval-
uated critical pathways, how should we approach the
important issue of rational resource use in a hospital
environment? We think that a “one-size-fits-all” man-
agement approach should be treated skeptically, regard-
less of its theoretical appeal. To choose the appropriate
management technique, decision makers must under-
stand the underlying processes and key points of care
that are to be managed, and these appear to differ by

medical procedure and even by hospital. For example, if
LOS and ancillary resource consumption are the man-
agement targets, what is the “potential for control” of
these targets for a given class of patients? What is the
distribution of ancillary service costs (eg, operating
room, recovery room, radiology, and laboratory) for a
class of patients? How many of these ancillary costs are
potentially controllable? Who determines the utiliza-
tion of these ancillary services? Are there national
benchmarks that can be used to inform these deci-
sions? If opportunities for controlling these ancillary
service components are available, what are the key
steps in the care process that are either “rate-limiting”
or clinically discretionary? These questions highlight
the complexity of decision making and imply that the
widespread adoption of a particular management tech-
nique is unlikely to achieve universal success.
Healthcare managers may thus be better served by
choosing among a selection of management techniques
for the approach most likely to be successful.

Our study should be considered in the context of sev-
eral important limitations. First, this was an observa-
tional study using a before-and-after design. It was not
an experiment with prospective evaluation, although we
did adjust for secular trends and case mix. Nevertheless,
other possible confounding factors could theoretically
affect our findings. Second, we limited our analyses to
only those pathways with enough patients to provide a
stable estimate of effect. Perhaps pathways with smaller
numbers of patients may be systematically more effec-
tive. We have no reason to think this assumption is true,
however. Third, our analyses were performed at a single
site, namely a tertiary-care referral hospital. Thus, our
findings may not necessarily be indicative of pathway
effectiveness in different clinical settings. Fourth, in an
attempt to adjust for secular trends, we may have
underestimated the effect of a pathway on either LOS or
resource utilization. Despite our belief that adjustment
for secular changes is the appropriate way to measure
pathway effectiveness given a before-and-after study
design, this method of analysis does bias our findings
toward the null hypothesis (ie, no difference between
pathway and nonpathway patients). Finally, because we
included patients whether or not they were actually
managed by the particular pathway, the method of
analysis is again biased toward the null. We were pri-
marily interested in the effectiveness—not efficacy—of
pathways as a management tool, as the utility of path-
ways to enhance efficiency in a carefully selected
minority of patients within a certain clinical area is not
their purpose.

Despite these limitations, however, our study reveals
that it would be prudent to proceed cautiously with the
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development and implementation of critical pathways.
Despite the theoretical benefit of such management
tools, pathway effectiveness is still largely unproven.
Although earlier studies found these tools to be effec-
tive, more recent studies that have considered secular
trends have been much more cautionary. Our evalua-
tion reveals that although some pathways significantly
reduced LOS and resource utilization, most did not.
Future efforts should therefore be placed on critically
evaluating the effectiveness of critical pathways and
understanding the reasons behind successful and
unsuccessful strategies.
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