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COMMUNITY-ACQUIREDPNEUMO-
nia(CAP)isacommonandse-
rious illness. Each year in the
United States, approximately

15% of the 600 000 affected people who
areadmittedtothehospitaldieof thedis-
ease.1Analysesofadministrativedatashow
that large variations exist in admission
rates, length of hospital stay, and use of
institutional resources.2,3 Lack of a com-
monapproachtothediagnosisandtreat-
mentofCAPisoftencitedasanexplana-
tionfor these findings.4,5 Since thecost to
society for the treatmentofCAPishigh,6

interventions that increase theefficiency
of care are desirable.

Critical pathways are management
strategies that define the essential steps
of complex processes.7 These schemata
may improve the quality and/or reduce
the cost of a product or service by en-
suring that the events necessary for oc-
currence of an optimal outcome take
place in a timely fashion. Originally de-
veloped by industry, critical pathways
are frequently used by health care orga-
nizations to ensure the delivery of high-
quality care and control costs.8-10 How-
ever, thewidespreadacceptanceof these
“carepaths” isquestionablebecausevery
little prospective controlled data are
available demonstrating that they either

improve the outcomes of patients or re-
duce the use of resources.11,12 We evalu-
atedthesafetyandeffectivenessofacriti-
calpathway for themanagementofCAP
by means of a randomized controlled
trial.

METHODS
Study Institutions and
Randomization Procedure

Our primary hypothesis was that uti-
lization of a critical pathway would re-
duce the use of institutional resources
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Context Large variations exist among hospitals in the use of treatment resources for
community-acquired pneumonia (CAP). Lack of a common approach to the diagnosis
and treatment of CAP has been cited as an explanation for these variations.

Objective To determine if use of a critical pathway improves the efficiency of treat-
ment for CAP without compromising the well-being of patients.

Design Multicenter controlled clinical trial with cluster randomization and up to 6
weeks of follow-up.

Setting Nineteen teaching and community hospitals in Canada.

Patients A total of 1743 patients with CAP presenting to the emergency depart-
ment at 1 of the participating institutions between January 1 and July 31, 1998.

Intervention Hospitals were assigned to continue conventional management
(n = 10) or implement the critical pathway (n = 9), which consisted of a clinical pre-
diction rule to guide the admission decision, levofloxacin therapy, and practice
guidelines.

Main Outcome Measures Effectiveness of the critical pathway, as measured by
health-related quality of life on the Short-Form 36 Physical Component Summary (SF-36
PCS) scale at 6 weeks; and resource utilization, as measured by the number of bed
days per patient managed (BDPM).

Results Quality of life and the occurrence of complications, readmission, and mor-
tality were not different for the 2 strategies; the 1-sided 95% confidence limit of the
between-group difference in the SF-36 PCS change score was 2.4 points, which was
within a predefined 3-point boundary for equivalence. Pathway use was associated
with a 1.7-day reduction in BDPM (4.4 vs 6.1 days; P = .04) and an 18% decrease in
the admission of low-risk patients (31% vs 49%; P = .01). Although inpatients at criti-
cal pathway hospitals had more severe disease, they required 1.7 fewer days of intra-
venous therapy (4.6 vs 6.3 days; P = .01) and were more likely to receive treatment
with a single class of antibiotic (64% vs 27%; P,.001).

Conclusion In this study, implementation of a critical pathway reduced the use of
institutional resources without causing adverse effects on the well-being of patients.
JAMA. 2000;283:749-755 www.jama.com
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without compromising the safety and
efficacy of therapy. Since critical path-
ways are implemented at the institu-
tional level, hospitals, rather than in-
dividual patients, were randomly
assigned to either introduce the path-
way or continue conventional manage-
ment. The centers were Canadian teach-
ing or community hospitals whose
administrations (1) were willing to al-
low the institution to be allocated to ei-
ther of the 2 strategies for a 6-month
period and (2) agreed not to imple-
ment any of the components of the criti-
cal pathway if assigned to conven-
tional management. The randomization
procedure was stratified by type of in-
stitution (teaching or community hos-
pital) and matched by the historical
length of stay (obtained from a feasi-
bility study). Random assignment was
generated by a computer. The study was
approved by the institutional review
board at each center.

Study Patients
We collected data from all patients with
CAP who presented to the emergency de-
partment (ED) between January 1 and
July 31, 1998. Eligible patients were
adults with at least 2 signs or symptoms
of CAP (eg, temperature .38°C, pro-
ductive cough, chest pain, shortness of
breath, crackles on auscultation) and
whose chest radiograph showed an opac-
ity compatible with the presence of acute
pneumonia.13 Patients with an immune
deficiency (eg, human immunodefi-
ciency virus infection, use of .10 mg/d
of prednisone or other immunosuppres-
sive agents, active treatment for cancer,
history of organ transplantation, active
tuberculosis, cystic fibrosis) were ineli-
gible. Individuals who experienced
shock, those who required intubation or
direct admission to the intensivecareunit
(ICU), women who were pregnant or
nursing infants, persons with alcohol ad-
diction, and patients with chronic renal
failure (estimated creatinine clearance
,20 mL/min [0.33 mL/s]) were not in-
cluded. Informed consent was re-
quested from all eligible patients for
completion of quality-of-life and outpa-
tient follow-up questionnaires. Admis-
sion status, length of hospital stay, and
occurrence of complications or readmis-
sion to hospital were obtained from in-
stitutional records for every eligible pa-
tient.

Critical Pathway Sites
Prior to initiation of the study, 2 inves-
tigators (T.J.M. and C.Y.L.) met with per-
sonnel at each hospital and developed an
educational plan designed to reinforce
compliance with the pathway.

The critical pathway (FIGURE 1) has
3 components: use of a clinical predic-
tion rule14 to assist the admission de-
cision, treatment with levofloxacin
(Levaquin, Janssen-Ortho Inc, Toronto,
Ontario),15 and practice guidelines16 for
the care of inpatients. The guidelines
consisted of criteria for switching from
intravenous to oral antibiotics and dis-
charge from hospital.

Patients having a suspected diagno-
sis of CAP were assessed in the ED and

treated by primary care physicians and/or
specialists according to usual practice.
Emergency department nurses were in-
structed on the use of the Pneumonia Se-
verity Index (PSI), a clinical prediction
rule that assigns a score based on 20
items that include demographic fac-
tors, coexisting illnesses, physical ex-
amination findings, and laboratory and
radiographic findings.17 Scores range
from approximately 10 to 250; higher
scores indicate more severe pneumo-
nia. Five severity classes are defined; pa-
tients in classes I to III (scores #90
points) are at low risk for death or com-
plications. For each subject, a PSI score
was calculated by a nurse, who made this
determination available to the ED phy-
sician. Patients with scores of 90 points
or lower were recommended for dis-
charge from the ED, whereas those with
higher scores were recommended for ad-
mission. The PSI score was used only as
a guide to the admission decision and did
not supercede clinical judgment; we ex-
pected that the use of this instrument
would result in the admission of fewer
low-risk patients.

Levofloxacin, a fluoroquinolone an-
tibiotic,hashighbioavailability, abroad
antimicrobial spectrum,andacost simi-
lar to other antibiotics commonly used
to treat CAP.18 Patients treated as out-
patients received 500 mg of oral levo-
floxacin once per day for 10 days. Those
who were admitted to the hospital re-
ceived a single 500-mg dose of paren-
teraldrugandweresubsequently treated
according to the guidelines.19,20 We ex-
pected thatuseof levofloxacinwould in-
crease the proportion of patients who
were treated with a single class of anti-
biotic.

Patients who were admitted were as-
sessed each day by a study nurse who
placed a note on the patient’s chart
when the criteria for discontinuation of
intravenous therapy or hospital dis-
charge were fulfilled (Figure 1). We an-
ticipated that practice guidelines would
reduce the use of institutional re-
sources by decreasing both the dura-
tion of parenteral antibiotic therapy and
the length of stay. No direct incen-
tives were provided to physicians to in-

Figure 1. Critical Pathway for the Treatment
of Community-Acquired Pneumonia
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crease compliance with these guide-
lines. Following discharge, patients
continued taking oral levofloxacin for
a maximum of 10 days.

Conventional Management Sites
At these hospitals, management of CAP
was according to the usual practice of
individual specialists or primary care
physicians. Separate investigator meet-
ings, study protocols, and correspon-
dence were used to ensure that health
care personnel at the conventional man-
agement sites remained unaware of
critical pathway components. Levo-
floxacin was not available and no at-
tempt was made to implement the PSI
or the practice guidelines.

Follow-up Procedures
The hospital charts of admitted pa-
tients were reviewed each day by the
study nurse, who recorded the occur-
rence of relevant outcomes and made
recommendations according to the
guidelines. At conventional sites, the
nurse made no management recom-
mendations. Patients who gave in-
formed consent for the collection of
follow-up data were contacted by tele-
phone 2 and 6 weeks following the
completion of the recommended 10-
day course of antibiotics, at which time
data on quality of life and clinical out-
comes were collected.

Outcome Measures
The Short-Form 36 Physical Compo-
nent Summary (SF-36 PCS) scale,21 a
generic quality-of-life measure, was se-
lected as the primary measure of effi-
cacy. This 36-question instrument has
been previously validated in patients
with CAP.22 Scores range from 0 to 100;
higher scores indicate better quality of
life. Secondary outcome measures were
pneumonia-related complications (res-
piratory failure, systemic sepsis, em-
pyema, new onset of congestive heart
failure, or atrial fibrillation), ICU ad-
mission, readmission to hospital, and
death. All clinical outcomes were in-
dependently validated by 2 investiga-
tors (T.J.M. and B.G.F.) who were un-
aware of the treatment assignment and

who also evaluated antibiotic regi-
mens and determined whether 1, 2, or
more than 2 classes of antibiotics had
been administered. Disagreement was
resolved by consensus.

The primary measure of resource uti-
lization was the number of bed days per
patient managed (BDPM). This compos-
ite measure, which is the mathematical
product of the institutional average
length of stay and the admission rate, is
sensitive to a change in either variable.
Since approximately 89% to 96% of ex-
penditures for CAP result from the pro-
vision of inpatient services,23 the BDPM
is a robust surrogate for the average (dis-
tinct from the typical or median) direct
cost of care. The institutional rates of ad-
mission of low-risk (PSI classes I-III) pa-
tients, length of hospital stay, duration
of intravenous antibiotic therapy, and
proportion of patients who received a
single class of antibiotic were also com-
pared. The length of stay for patients who
died in thehospitalwascalculatedas time
from admission to the day of death. Data
from inpatients were arbitrarily cen-
sored at 42 days from the date of admis-
sion so that the results from patients with
prolonged hospitalization would not
strongly influence the estimates of the av-
erage length of stay and BDPM. The pro-
portion of patients with length of stay
longer than 42 days was similar in the 2
groups of institutions (3.6%).

Statistical Methods
Although the critical pathway was ex-
pected to reduce the use of institu-
tional resources, for such savings to be
meaningful, it was first necessary to
demonstrate that the patients treated at
these sites did not have a worse clini-
cal outcome compared with those
treated at the conventional manage-
ment hospitals. To assess this issue, we
predefined a lower limit for an accept-
able equivalence range of no more than
a 3-point worsening in the SF-36 PCS
score.21 The primary efficacy analysis
was performed by constructing a
1-sided 95% confidence limit for the be-
tween-group difference in the change
in institutional scores from baseline to
the week 6 value. If the confidence limit

of the observed difference was en-
tirely within this boundary, equiva-
lence was judged to exist.24 For sec-
ondary outcome measures, 2-sided 95%
confidence intervals were constructed
to describe the institutional rates of
these outcomes within each treatment
group. One-sided 95% confidence lim-
its were also constructed to estimate the
potential between-group difference in
favor of conventional management.

Prior to the initiation of the trial, a fea-
sibility study was performed to collect
data from 782 patients with pneumo-
nia at 18 of the participating institu-
tions during November 1997 and Janu-
ary and March 1998. Estimates of the
rates of admission for pneumonia were
also available from 7 sites. From these
data, the SD of the BDPM was esti-
mated to be 1.6 days. We estimated that
the critical pathway could decrease the
admission rate by 10% to 15% and the
length of hospital stay by 1 to 2 days,
yielding a reduction in the BDPM of ap-
proximately 2 days. The randomiza-
tion of 10 institutions per treatment arm
was sufficient to detect a 2-day differ-
ence in BDPM with 80% power at the
a = .05 level of significance. Although
the sample size was justified on the ba-
sis of a difference in BDPM, the random-
ization of 10 institutions per arm was
also sufficient to define a 1-sided 95%
confidence limit, which could demon-
strate a 3-point difference in the SF-36
PCS change scores in favor of the con-
ventional management strategy.

A nonparametric procedure, the
Mann-Whitney test,25 was used to com-
pare the difference in BDPM between
critical pathway and conventional man-
agementhospitals.A2-sided testwasper-
formed at the a = .05 level of signifi-
cance. Since the BDPM is a proxy for the
average cost, which is only meaningful
at the institutional level, all statistical in-
ferences were made using institutional
data,26 with the hospital as the unit of
analysis. A similar approach was used to
compare the rate of admission in low-
risk patients, the duration of intrave-
nous drug therapy, and the proportions
of inpatients treated with a single class
of antibiotic. All P values were 2-sided.
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Although the institutions were matched,
the matching was not considered in the
analysis.27 Since the distribution of the
length of hospital stay is usually skewed
with a few extreme values,2 institu-
tional median values were also com-
pared. The effectiveness of the critical
pathway was evaluated by applying the
intention-to-treat principle using data
from all eligible patients.

RESULTS
Twenty hospitals were randomized.
However, 1 critical pathway institu-
tion withdrew prior to the initiation of
the study at the site and was not re-
placed.

From January 1 to July 31, 1998,
1743 patients were evaluated. TABLE 1
shows the baseline characteristics of the
institutions and patients. A greater
number of patients per site were en-
tered at conventional management in-
stitutions because 1 institution (Hali-
fax) resulted from a merger that led to
the inclusion of patients from 3 large
hospitals. Mean PSI and SF-36 scores
at the baseline assessment were simi-
lar at conventional management and
critical pathway institutions.

Effects on Clinical Outcomes
FIGURE 2 shows the SF-36 PCS scores.
Following treatment, patients’ quality

of life improved rapidly; 6 weeks after
the discontinuation of oral antibiotic
therapy, the scores in both groups were
similar to those of age-matched, popu-
lation-based controls. No important dif-
ference in quality of life was noted be-
tween conventional management and
critical pathway sites. Since the lower
boundary of the 1-sided 95% confi-
dence limit of the between-group dif-
ference in the change scores at 6 weeks
was 2.4 points in favor of the conven-
tional management group, our pre-
specified criterion for therapeutic
equivalence was satisfied. FIGURE 3
shows that the institutional incidence
of adverse clinical outcomes was simi-

Table 1. Baseline Characteristics of the Institutions and Patients (N = 1743)*

Critical Pathway Institutions (n = 9)

Overall
Mean (SD)

T1
(n = 87)

T2
(n = 55)

T3
(n = 135)

T4
(n = 37)

T5
(n = 85)

C1
(n = 62)

C2
(n = 58)

C3
(n = 66)

C4
(n = 131)

Institution characteristics
No. of beds 400 1200 544 288 1500 299 199 199 700 592 (465)

Historical length of stay, mean, d 9.3 8.4 7.7 8.5 9.8 12.2 8.4 6.8 8.7 8.9 (1.5)

Patient characteristics
Age, mean, y 64.3 66.2 71.2 59.6 62.4 61.5 65.6 65.4 60.7 64.1 (3.5)

Sex, male, % 43.7 49.1 45.2 64.9 55.3 54.8 56.9 59.1 56.5 53.9 (6.8)

PSI score, mean† 93.5 82.0 101.5 76.3 79.2 80.9 85.8 80.8 77.1 84.1 (8.3)

PSI classes I-III, %† 54.0 61.1 39.4 70.3 65.9 64.5 53.4 59.1 64.6 59.2 (9.2)

SF-36 PCS score, mean‡ 30.1 32.4 28.4 30.2 30.7 28.4 29.4 32.5 30.8 30.3 (1.5)

Chronic lung disease, % 22.4 13.5 41.7 24.3 20.2 27.3 32.8 26.2 24.6 25.9 (8.7)

Multilobar disease, % 20.7 32.7 21.8 19.4 36.5 19.4 19.0 7.6 15.3 21.4 (8.7)

Oxygen saturation with room air, % 90.8 93.9 92.0 91.4 92.7 92.6 90.9 93.5 93.3 92.3 (1.1)

Conventional Management Institutions (n = 10)

Overall
Mean (SD)

T6
(n = 205)

T7
(n = 37)

T8
(n = 151)

T9
(n = 37)

T10
(n = 93)

C5
(n = 135)

C6
(n = 92)

C7
(n = 51)

C8
(n = 156)

C9
(n = 70)

Institution characteristics
No. of beds 1068 1000 500 600 353 500 199 200 600 500 552 (292)

Historical length of stay, mean, d 11.8 9.8 6.3 8.8 9.0 11.6 9.1 10.8 6.6 Not Done 9.3 (2.0)

Patient characteristics
Age, mean, y 67.8 69.7 63.1 52.1 67.5 60.7 63.9 68.1 66.5 63.1 64.2 (5.1)

Sex, male, % 52.7 48.6 43.7 43.2 49.5 56.3 51.1 62.7 40.4 57.1 50.5 (7.0)

PSI score, mean† 99.3 92.4 87.0 62.2 97.0 84.1 81.1 88.5 89.7 86.2 86.8 (10.3)

PSI classes I-III, %† 45.6 54.1 63.9 83.8 52.7 67.2 68.2 62.7 63.4 65.7 62.7 (10.4)

SF-36 PCS score, mean‡ 33.4 29.5 30.2 30.7 29.6 30.8 29.3 29.5 27.1 28.4 29.9 (1.6)

Chronic lung disease, % 38.9 29.7 23.3 13.5 27.1 25.2 45.8 73.3 29.4 26.1 33.2 (16.6)

Multilobar disease, % 22.0 27.0 24.5 16.2 21.5 19.7 42.4 12.2 16.7 15.7 21.8 (8.5)

Oxygen saturation with room air, % 91.1 89.4 93.2 93.3 91.6 93.5 91.1 93.4 91.5 92.2 92.0 (1.3)

*T indicates teaching hospital; C, community hospital; T1, St Joseph’s Health Centre, London, Ontario; T2, Sunnybrook Health Sciences Centre, Toronto, Ontario; T3, Ottawa Civic
Hospital, Ottawa, Ontario; T4, London Health Sciences Centre, University Campus, London, Ontario; T5, Vancouver Hospital and Health Sciences Centre, Vancouver, British
Columbia; C1, Cape Breton Regional Hospital, Sydney, Nova Scotia; C2, Colchester Regional Hospital, Truro, Nova Scotia; C3, Valley Regional Hospital, Kentville, Nova Scotia;
C4, Thunder Bay Regional Hospital, Port Arthur Site, Thunder Bay, Ontario; T6, Queen Elizabeth II Health Sciences Centre, Halifax, Nova Scotia; T7, University of Alberta Hospital,
Edmonton; T8, Ottawa General Hospital, Ottawa, Ontario; T9, Health Sciences Center, St John’s, Newfoundland; T10, McMaster University Medical Centre, Hamilton, Ontario;
C5, The Moncton Hospital, Moncton, New Brunswick; C6, Western Regional Health Centre, Yarmouth, Nova Scotia; C7, Health Services Association of the South Shore, Bridge-
water, Nova Scotia; C8, Oshawa General Hospital, Oshawa, Ontario; C9, Royal Columbian Hospital, New Westminster, British Columbia.

†PSI indicates Pneumonia Severity Index. Scores range from approximately 10 to 250; higher scores indicate more severe disease. Patients with PSI scores of 90 or fewer points
are classified as classes I to III.

‡SF-36 PCS indicates Short-Form 36 Physical Component Summary; higher scores indicate better quality of life.
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lar at the critical pathway and conven-
tional management hospitals.

Effects on Resource Utilization
TABLE 2 shows the institutional re-
source utilization data. Significantly
fewer low-risk patients (PSI classes I-
III) were managed as inpatients at the
critical pathway sites (31% vs 49% at con-
ventional management sites; P = .01).
Conversely, the admission rates of pa-
tients with PSI classes IV and V were
similar in the 2 groups (87% at critical
pathway vs 88% at conventional man-
agement sites; P = .70). Overall, a 10%
absolute reduction was shown (53% at
critical pathway vs 63% at conventional
management sites; P = .11).

Although patients who were admit-
ted at critical pathway institutions had
more severe disease, defined by the
mean institutional PSI score (103 vs 94
at conventional management sites;
P = .05), their median length of hospi-
tal stay was lower (5.0 days vs 6.7 days
at conventional management sites;
P = .01), and they received 1.7 fewer
days of intravenous antibiotic therapy
(4.6 days vs 6.3 days at conventional
management sites; P = .01). Patients at
critical pathway hospitals were also
more likely to be treated with a single
class of antibiotic (64% vs 27% at con-
ventional management sites; P,.001).

A 1.7-day decrease in BDPM was
shown at critical pathway sites (4.4 days
vs 6.1 days at conventional manage-
ment sites; P = .04).

COMMENT
Our primary finding was that imple-
mentation of a critical pathway re-
duced the use of institutional re-
sources for the treatment of CAP
without causing harm to patients.

Hospitals assigned to the critical path-
way had an 18% absolute reduction in
the admission of low-risk patients (PSI
classes I-III). In contrast, the rate of ad-
mission of high-risk patients (PSI classes
IV and V) was similar in the 2 treat-
ment groups. The most common expla-
nation for the management of a minor-
ity of these severe cases as outpatients
was patient or family preference, de-

spite, in most cases, a recommendation
by a physician for admission to the hos-
pital. Therefore, use of the PSI was dis-
criminative because it identified indi-
viduals who could be safely treated in the
community setting. We could not de-
tect any negative effects of this interven-
tion on the quality of life of patients or
the occurrence of adverse clinical out-
comes, including admission to the ICU,
mortality, readmission to hospital, or
complications. These observations sup-
port the use of the PSI as an adjunct to
clinical judgment.

Because of the combined effects of a
decrease in both the rate of admission
and the average length of stay, the hos-
pitals that implemented the critical path-
way required an average of 1.7 fewer bed-
days for each patient treated. We estimate
that this reduction in the use of hospi-
tal resources has the potential of saving
approximately US $1700 per patient
treated.6,23 While it is also possible that
the use of the critical pathway might
cause a shift of costs from the hospital
to patients and/or outpatient caregiv-
ers, any such increase in expenditures
will be relatively small comparedwith the
savings realized from the reduced re-
quirement for hospital resources. Thus,
it is likely that the implementation of a
critical pathway by an institution yields
a net cost savings from a societal per-
spective. However, any definitive con-
clusions regarding the economic im-
pact of the critical pathway should await
the publication of a formal economic
analysis, which we are preparing.

Although other randomized trials
have shown that the use of a “respira-
tory” quinolone is an alternative to con-
ventional antibiotic regimens,28 our data
confirm the safety and effectiveness of
levofloxacin therapy in a large number
of patients who were cared for at mul-
tiple sites by a diverse group of physi-
cians. At critical pathway hospitals, pa-
tients were more likely to receive a single
class of antibiotic. Since no important
differences were observed between the
2 strategies for any clinical outcome, this
advantage of fluroquinolone therapy
should be given consideration when
therapy for CAP is chosen.

Figure 2. Institutional Mean of Patients’
Health-Related Quality of Life
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Form 36 Physical Component Summary scale. Error
bars indicate SDs. The baseline value was obtained in
the emergency department. The week 2 and week 6
assessments were carried out 2 and 6 weeks, respec-
tively, after the completion of antibiotic therapy. The
lower limit of the 1-sided 95% confidence limit of the
between-group difference in the change from base-
line to week 6 is −2.4. The age-specific mean (SD) es-
timates of the score for the US general population were
obtained from published data.21

Figure 3. Percentage of Patients
Experiencing the Specified Clinically Relevant
Outcomes by Treatment Group
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of the outermost deleterious effect of the clinical path-
way compared with conventional management.
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Some limitations to this study exist.
First, the trial was not designed to
evaluate the effectiveness of the sepa-
rate components of the critical path-
way. Although it is likely that the PSI
accounted for the lower rate of admis-
sion at the critical pathway hospitals,
it was not possible to determine the in-
dependent contributions of levofloxa-
cin and the practice guidelines to the
observed decrease in the length of hos-
pital stay. Further studies are needed
to examine the relative importance of
these interventions.

Second, because the study was per-
formed exclusively in Canada, the gen-
eralizability of our findings may be lim-
ited. Important differences exist among
countries with respect to access to care,29

prevalenceofadmission,30 lengthofstay31

and availability of community care and
nursing home beds.32 During the past

decade, the emergence of managed care
in the United States has been associated
with a progressive decrease in the length
of stay for most diseases. Accordingly,
from 1990 to 1996 the average length
of stay for CAP fell from 8.3 to 6.5 days.33

Although the average length of stay in
the United States in 1996 was even
shorter than that observed at our inter-
vention hospitals in Canada in 1998 (6.5
vs 8.2 days), 2 important points should
be considered. First, considerable het-
erogeneity in length of stay exists among
institutions in both countries. In 1994
(the most recent year for which national
variancedataareavailable), althoughthe
mean length of stay for US hospitals was
7.3 days, the 75th percentile of the dis-
tribution was 9.0 days.33 Because of this
large variability, we expect that many US
institutions could benefit from use of the
critical pathway. Second, efforts to

reducethe lengthofstaycannotbeexam-
ined in isolation; the effects of these ini-
tiatives on the quality of patient care and
outcomes must also be assessed.

Our experimental data show that a
critical pathway for CAP can reduce the
use of hospital resources without com-
promising the well-being of patients.
Whether the decrease in hospital use re-
sulting from managed care has also met
this essential standard is unknown. It is
also possible that some proportion of the
decrease in length of stay in the United
States is the result of some of the inter-
ventions used in the critical pathway. In
anyevent, sincemanyenvironmental fac-
tors may be determinants of the effec-
tiveness of a critical pathway, health care
practitioners should carefully evaluate
their institutional circumstances before
implementing these systems. In some in-
stances, the removal of barriers to the

Table 2. Measures of Institutional Resource Utilization*

Critical Pathway Institutions (n = 9)

Overall
Mean (SD)

P
Value†

T1
(n = 87)

T2
(n = 55)

T3
(n = 135)

T4
(n = 37)

T5
(n = 85)

C1
(n = 62)

C2
(n = 58)

C3
(n = 66)

C4
(n = 131)

Admission rate, %‡
PSI classes I-III 43 48 29 27 36 40 10 18 27 31 (12) .01

PSI classes IV-V 95 76 75 100 93 100 85 81 78 87 (10) .70

Overall 67 58 56 49 55 61 45 44 45 53 (8) .11

Inpatient measures
Length of stay, median, d 6.0 5.0 5.0 4.0 6.0 7.0 4.0 4.0 4.0 5.0 (1.1) .01

Length of stay, average, d 8.3 8.3 8.4 7.2 7.6 12.0 7.0 5.2 9.8 8.2 (1.9) .16

Duration of intravenous
antibiotics, mean, d

5.3 5.5 3.5 3.6 4.9 6.0 4.8 3.6 4.3 4.6 (0.9) .01

Receiving antibiotic
monotherapy, %

69 53 82 39 41 63 89 76 63 64 (17) ,.001

BDPM 5.6 4.9 4.7 3.5 4.2 7.4 3.2 2.3 4.4 4.4 (1.5) .04

Conventional Management Institutions (n = 10)

Overall
Mean (SD)

T6
(n = 205)

T7
(n = 37)

T8
(n = 151)

T9
(n = 37)

T10
(n = 93)

C5
(n = 135)

C6
(n = 92)

C7
(n = 51)

C8
(n = 156)

C9
(n = 70)

Admission rate, %‡
PSI classes I-III 46 85 27 45 44 45 55 38 61 46 49 (16)

PSI classes IV-V 90 100 58 100 91 91 96 74 96 88 88 (13)

Overall 70 92 37 54 65 61 66 51 73 60 63 (15)

Inpatient measures
Length of stay, median, d 8.0 6.5 4.0 6.5 4.5 7.0 7.0 8.5 8.0 6.5 6.7 (1.5)

Length of stay, average, d 11.9 9.5 5.1 7.9 10.1 8.3 8.9 11.6 10.4 12.0 9.6 (2.1)

Duration of intravenous
antibiotics, mean, d

6.0 5.2 4.6 5.9 5.2 5.6 6.0 6.9 8.2 9.1 6.3 (1.4)

Receiving antibiotic
monotherapy, %

23 18 41 25 40 13 25 23 14 45 27 (12)

BDPM 8.3 8.8 1.9 4.2 6.5 5.0 5.9 5.9 7.6 7.2 6.1 (2.1)

*T indicates teaching hospital; C, community hospital; and BDPM, average number of bed-days per patient managed. See footnote to Table 1 for institution identification.
†P values are for comparison of critical pathway with conventional management institutions by Mann-Whitney test.
‡PSI indicates Pneumonia Severity Index. Scores range from approximately 10 to 250; higher scores indicate more severe disease. Patients with PSI scores of 90 or fewer points

are classified as classes I to III.
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provision of efficient outpatient care may
be more effective than the development
and promotion of a critical pathway.34

The potential importance of confound-
ing factors also underscores the need for
performing randomized controlled tri-
als. Although studies that randomize in-
stitutions, rather than individual pa-
tients, are complex to carry out, they are,
in our opinion, the optimal method for
assessing the effectiveness of interven-
tions, such as critical pathways, that must
be implemented and perceived at the
level of the institution.35

In summary, we found a critical path-
way for the treatment of CAP to be a
safe and effective intervention that im-
proved the efficiency of patient care.
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