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Background: Despite the development of evidence-based pneu-
monia guidelines, limited data exist on the most effective means
to implement guideline recommendations into clinical practice.

Objective: To compare the effectiveness and safety of 3 guide-
line implementation strategies.

Design: Cluster-randomized, controlled trial.

Setting: 32 emergency departments in Pennsylvania and Con-
necticut.

Patients: 3219 patients with a clinical and radiographic diagnosis
of pneumonia.

Interventions: The authors implemented a project-developed
guideline for the initial site of treatment based on the Pneumonia
Severity Index and performance of evidence-based processes of
care at the emergency department level. Guideline implementation
strategies were defined as low (n = 8), moderate (n = 12), and
high intensity (n = 12).

Measurements: Effectiveness outcomes were the rate at which
low-risk patients were treated on an outpatient basis and the
performance of recommended processes of care. Safety outcomes
included death, subsequent hospitalization for outpatients, and
medical complications for inpatients.

Results: More low-risk patients (n = 1901) were treated as out-
patients in the moderate-intensity and high-intensity groups than

in the low-intensity group (high-intensity group, 61.9%; moder-
ate-intensity group, 61.0%; low-intensity group, 37.5%; P=
0.004). More outpatients (n = 1125) in the high-intensity group
received all 4 recommended processes of care (high-intensity
group, 60.9%; moderate-intensity group, 28.3%; low-intensity
group, 25.3%; P < 0.001); more inpatients (n = 2076) in the
high-intensity group received all 4 recommended processes of
care (high-intensity group, 44.3%; moderate-intensity group,
30.1%; low-intensity group, 23.0%; P < 0.001). No statistically
significant differences in safety outcomes were observed across
interventions.

Limitations: Twenty percent of eligible patients were not en-
rolled, and data on effectiveness outcomes were not collected
before the trial.

Conclusions: Both moderate-intensity and high-intensity guide-
line implementation strategies safely increased the proportion of
low-risk patients with pneumonia who were treated as outpa-
tients. The high-intensity strategy was most effective for increas-
ing the performance of the recommended processes of care for
outpatients and inpatients.
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hysicians frequently overestimate the probability of

death in low-risk patients with pneumonia, leading to
potentially unnecessary, costly hospitalizations instead of
outpatient treatment, which is often preferred (1-3). The
Pneumonia Severity Index (PSI) accurately identifies pa-
tients at low risk for short-term mortality (4). Two effec-
tiveness trials have demonstrated that implementation of
the PSI reduces the proportion of low-risk patients admit-
ted to the hospital from the emergency department (5, 6).
A more recent efficacy trial showed equivalent health out-
comes and greater satisfaction with medical care among
patients in PSI risk classes II and III who were randomly
assigned to outpatient treatment (7). However, the best
methods to implement the PST into clinical practice remain
unclear.

Observational studies have linked performance of
blood cultures (8, 9), rapid initiation of antibiotic therapy

(9, 10), and appropriate selection of antibiotic therapy
with improved short-term survival for patients hospitalized
for pneumonia (11, 12). Other studies have identified the
assessment of arterial oxygenation as a salient process of
care because of its prognostic value and pivotal role in
site-of-treatment decisions (1, 13). These advances have
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Context

The effects of intensified efforts to translate guidelines into
practice are poorly understood.

Content

Thirty-two emergency departments were randomly as-
signed to low-intensity, moderate-intensity, and high-in-
tensity strategies for implementing guidelines for commu-
nity-acquired pneumonia. More low-risk patients were
appropriately treated as outpatients in moderate-intensity
and high-intensity implementation sites. Adherence to rec-
ommended processes of care was better with the high-
intensity intervention. Mortality rates, hospitalization after
initial outpatient treatment, and inpatient medical compli-
cations were similar irrespective of guideline implementa-
tion strategy.

Implications

The most intense guideline implementation strategy re-
sulted in the highest adherence to recommended pro-
cesses of care.

—The Editors

contributed to the development of evidence-based practice
guidelines for pneumonia that typically recommend all of
these initial processes of care for hospitalized patients and a
subset of them for outpatients (14-16). The Centers for
Medicare & Medicaid Services and the Joint Commission
on Accreditation of Healthcare Organizations have
adopted these processes of care as pneumonia quality
indicators, and the latter organization uses these indica-
tors as a part of its national hospital accreditation pro-
gram (17, 18).

Despite these advances, the overall quality of care for
pneumonia ranks 20th among 25 common adult ambula-
tory care problems (19). Although quality improvement
studies demonstrate increased adherence to several pro-
cesses of care, such as timely initiation of antibiotic therapy
and performance of blood cultures for inpatients (8, 20—
22), these studies are of limited usefulness because they
were performed in few study sites or featured nonran-
domized designs. We compared the effectiveness and
safety of 3 pneumonia guideline implementation strate-
gies. We hypothesized that a high-intensity interven-
tion, in comparison with moderate-intensity and low-
intensity interventions, would increase the number of
low-risk patients treated as outpatients and the number
of higher-risk patients hospitalized for care and that pa-
tient safety would not be compromised with these ap-
proaches. We also wanted to determine whether a high-
intensity or moderate-intensity intervention would
improve the performance of the recommended processes
of care.
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METHODS
Study Design and Patient Eligibility

We conducted a cluster-randomized trial at emergency
departments in Connecticut (z = 16) and Pennsylvania
(n = 16). Our nonrandom criteria for participation of
study sites were 1) location in southwestern Pennsylvania
or Connecticut; 2) annual volume of more than 15 000
patient visits; and 3) willingness to be randomly assigned
to any of the 3 study interventions. All relevant institu-
tional review boards approved the trial, and all enrolled
patients provided informed consent. We previously re-
ported the study methods (23).

Emergency department medical providers recruited
patients 7 days per week between 15 January 2001 and 31
December 2001. Eligible patients were 18 years of age or
older with a clinical diagnosis of pneumonia and a new
pulmonary infiltrate that had been identified on radiogra-
phy by the emergency department provider or an on-site
radiologist. We excluded patients who were considered to
have hospital-acquired pneumonia; immunosuppression;
specified comorbid conditions (such as cystic fibrosis or
pulmonary tuberculosis) that were distinguishable from
pneumonia; or psychosocial conditions or substance abuse
problems that were incompatible with outpatient treat-
ment, enrollment, or follow-up. We also excluded patients
who were incarcerated, homeless, pregnant, previously en-
rolled, or enrolled in a competing research protocol (23).

Practice Guideline

The study practice guideline consisted of recommen-
dations for the initial site of treatment and processes of care
after presentation to the emergency department (23) (Ta-
ble 1). We developed the guideline with assistance from
national experts in pneumonia with clinical backgrounds
in internal and family medicine, emergency medicine, pul-
monary medicine, and infectious disease. The guideline
was based on expert consensus reached through a system-
atic review of the literature and was approved by medical
providers at all participating emergency departments.

We used the level of arterial oxygenation and PSI risk
class (Table 1) to determine site-of-treatment recommen-
dations (4, 23). Patients without any of the 11 prognostic
factors in the first step of the PSI were assigned to risk class
I. The remaining patients were assigned to risk classes II
through V on the basis of their total risk points for the 20
PSI variables. Missing data for all prognostic factors were
assumed to be normal (4). Outpatient therapy was recom-
mended for all low-risk patients, defined as those in risk
classes I through III who had no evidence of clinically
significant arterial oxygen desaturation (oxygen saturation
<90% or PO, <60 mm Hg) at presentation; the guideline
specified medical and psychosocial contraindications to
outpatient treatment of this group of patients (Table 1).
Inpatient therapy was recommended for all higher-risk pa-
tients, defined as those with documented arterial oxygen
desaturation or those in risk classes IV or V.
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The guideline recommended an assessment of all pa-
tients’ arterial oxygenation by pulse oximetry or measure-
ment of arterial blood gas level (Table 1). According to the
guidelines, the first dose of antibiotic therapy was to be
given in the emergency department for outpatients and
within 4 hours of presentation to the emergency depart-
ment for inpatients (10, 15). For inpatients, 2 blood cul-
tures were to be obtained before antibiotic therapy was
initiated (14-16). The recommended antibiotic agents for
all patients were consistent with current medical specialey
society guideline recommendations (14-16). The defini-
tion of guideline-compliant antibiotic therapy varied by
nursing home residence for outpatients (both in the emer-
gency department and on discharge) and by admission to
the intensive care unit for inpatients.

Randomization and Study Interventions

After stratifying emergency departments by state,
teaching status, and annual volume, our statistician ran-
domly assigned these departments to low-intensity, mod-
erate-intensity, and high-intensity guideline implementa-
tion strategies in the ratio of 2:3:3, respectively. All
interventions were implemented at the emergency depart-
ment level and were conducted in collaboration with the
state quality improvement organizations in Pennsylvania
and Connecticut. The low-intensity strategy (used by 8
emergency departments) reflected the quality improvement
methods typically used by the collaborating quality im-
provement organizations. During the year before patient
enrollment, these organizations collected hospital-specific
performance data for a national pneumonia quality im-
provement program; reports containing these data were
then distributed to all emergency department and quality
improvement directors (17). These baseline data included
the proportion of hospitalized Medicare patients who were
at low risk for short-term mortality on the basis of PSI class
and who received each of the 4 inpatient processes of care
shown in Table 1. The state-specific quality improvement
organizations asked each of the hospital directors to de-
velop a quality improvement plan that addressed the guide-
line-recommended processes of care. Because participation
was voluntary, hospital directors could decide that such a
plan was unwarranted and were not required to implement
or evaluate their plans. Sites that did not provide plans
received follow-up letters that pointed out areas for pneu-
monia quality improvement and effective approaches to
achieve such improvements. In addition, the research team
mailed the practice guideline and supporting literature to
all medical providers at these emergency departments.

The 12 emergency departments in the moderate-in-
tensity arm received all of the low-intensity strategies. In
addition, the state-specific quality improvement organiza-
tions asked that each hospital’s plan address the initial site
of treatment for pneumonia. Before patient enrollment,
the research team also conducted an on-site educational
session to teach medical providers how to use the PSI to

www.annals.org

Table 1. Summary of Guideline Recommendations for the
Initial Site of Treatment and Processes of Care for Patients with
Pneumonia

Initial site of treatment*

Outpatient treatment recommended for all low-risk patients (risk classes |
through 1) without evidence of clinically significant arterial
oxygenation desaturation (oxygen saturation <90% or PO, <60
mm Hg) at presentation

Inpatient treatment recommended for all higher-risk patients (risk classes
IV or V) or patients with documented arterial desaturation at
presentation

Processes of care for outpatientst
Assess arterial oxygenation at presentation (by pulse oximetry or arterial
blood gas)
Administer first antibiotic dose in the emergency department
Initiate appropriate empirical oral antibiotic therapy in the emergency
department#
Therapies for outpatients not residing in nursing homes
Macrolide alone
Fluoroquinolone or doxycycline alone
Therapies for outpatients residing in nursing homes
Macrolide alone
Fluoroquinolone alone
B-Lactam alone
B-Lactam plus macrolide or fluoroquinolone
Prescribe appropriate antibiotic therapy on discharge from the emergency
department+

Processes of care for inpatientst
Assess arterial oxygenation at presentation (by pulse oximetry or arterial
blood gas)
Perform 2 blood cultures before initiating antibiotic therapy
Administer first antibiotic dose in the emergency department within 4
hours of presentation
Initiate appropriate empirical antibiotic therapy#
Therapies for inpatients not admitted to an intensive care unit
Fluoroquinolone alone
Cephalosporin (intravenous) plus macrolide or fluoroquinolone
B-Lactam/B-lactamase inhibitor (intravenous) plus macrolide or
fluoroquinolone
Therapies for inpatients admitted to an intensive care unit
Cephalosporin (intravenous) plus macrolide or fluoroquinolone
B-Lactam/B-lactamase inhibitor (intravenous) plus macrolide or
fluoroquinolone

* Contraindications to outpatient treatment of low-risk patients were clinical and
psychosocial factors that could affect compliance with oral antibiotics, frailty or
severe neuromuscular disease, serious comorbid illness, extreme abnormalities in
vital signs or laboratory values, and suppurative infections.

1 Processes of care that were recommended for outpatients and inpatients refer to
the actual site of treatment after discharge from the emergency department as
determined by the treating medical provider, regardless of the guideline-recom-
mended site of treatment as determined by arterial oxygenation and risk class.

¥ Recommended macrolides are azithromycin, clarithromycin, and erythromycin;
recommended fluoroquinolones are high-dose ciprofloxacin, gatifloxacin, levo-
floxacin, moxifloxacin, and ofloxacin; recommended oral B-lactams/cephalosporins
are amoxicillin-clavulanate, cefpodoxime, cefprozil, and cefuroxime; recom-
mended intravenous cephalosporins are cefuroxime, cefotaxime, ceftriaxone, and
cefepime; and recommended intravenous B-lactam/B-lactamase inhibitors are am-
picillin—sulbactam and piperacillin-tazobactam.

guide the initial site of treatment and to reinforce all guide-
line recommendations.

The 12 emergency departments in the high-intensity
group recetved all low-intensity and moderate-intensity
strategies, real-time reminders, medical provider audits and
feedback, and continuous quality improvement activities
that were implemented throughout the study period (24 -
26). All medical providers received a 1-page paper re-
minder (retrieved on their own or provided by an emer-
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gency department nurse) each time they treated an enrolled
patient. The reminders included instructions for assigning
risk points for each PSI prognostic factor, a table linking
the calculated PSI risk score to a risk class, an initial site-
of-treatment recommendation for each risk class, and the
recommended processes of care (27). This reminder form
also included an estimated mortality rate for each PSI risk
class and a disclaimer stating that the ultimate site-of-treat-
ment decision should be consistent with the medical pro-
vider’s clinical judgment (4). Written audits and feedback,
which were provided to the responsible medical provider
within 1 week of treating each enrolled patient, docu-
mented the level of compliance with the guideline site-of-
treatment and processes-of-care recommendations (2426,
28). These documents also sought reasons for noncompli-
ance from the providers.

Continuous quality improvement consisted of “plan—
do-study—act” (PDSA) cycles that were conducted within
each of the 12 emergency departments (26). A study inves-
tigator familiar with this form of quality improvement pro-
vided a half-day training session for emergency department
directors of all high-intensity sites. The training session
defined the director’s lead role on the PDSA team, made
recommendations for additional team membership, and
provided an overview of recommended methods to con-
duct PDSA cycles. In addition to its leader, each PDSA
team consisted of 2 to 6 individuals with backgrounds in
medicine, nursing, and quality improvement. The teams
collected real-time data. Every 2 months, the teams re-
ceived site-specific reports summarizing performance data
for each of the guideline-recommended processes of care;
these reports were individualized so that data remained
anonymous for all high-intensity sites except the recipient’s
own. The teams were asked to meet every 2 months with
study investigators and state representatives from quality
improvement organizations to review their institutions’
compliance with guideline recommendations and to devise
ways to improve adherence.

All emergency departments assigned to the low-inten-
sity and moderate-intensity groups received financial sup-
port for a half-time research assistant to recruit patients
and collect baseline data. Those assigned to the high-inten-
sity group received support for a half-time emergency de-
partment nurse to recruit patients, collect baseline data,
institute reminders, conduct audits and feedback, and or-
ganize the local PDSA cycles.

Data Collection

Research staff prospectively collected patient demo-
graphic data and characteristics of participating emergency
department medical providers and emergency departments
(23). Emergency department providers assessed the severity
of each patient’s illness at presentation by using the PSI
and the level of arterial oxygenation (23). Emergency de-
partment providers in the low-intensity and moderate-in-
tensity groups used a checklist to document the 20 PSI
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prognostic factors but did not calculate a risk score. Pro-
viders in the high-intensity group documented the pres-
ence of these factors on a different form that included a
site-of-treatment reminder and instructions detailing an ex-
plicit method for risk-score calculation.

The primary effectiveness outcomes were the propor-
tions of low-risk and higher-risk patients who were treated
as outpatients, the performance rates of the recommended
processes of care for outpatients and inpatients, and the
number of processes performed (Table 1). We defined out-
patient treatment as discharge from the emergency depart-
ment to any outpatient setting or discharge from an emer-
gency department observation unit within 24 hours of
presentation; we defined inpatient treatment as hospital
admission, transfer from an emergency department to an
inpatient hospital observation unit, or admission to an
emergency department observation unit with discharge to
any setting more than 24 hours after presentation. Safety
outcomes included all-cause mortality, serious medical
complications for hospitalized low-risk patients, reasons for
admission to an intensive care unit for inpatients, and sub-
sequent hospitalizations for outpatients (6, 23). We also
assessed patient satisfaction with care and the rates at
which patients returned to work and usual activities.

We collected the primary and secondary outcomes by
using a structured review of patient medical records and
telephone interviews with patients that focused on their
experiences during the first 30 days after the index emer-
gency department presentation (23). Interviewers and pa-
tients were unaware of their hospital’s intervention group
assignment; chart reviewers could not be blinded to inter-
vention group.

Statistical Analysis

We estimated that we would need 96 eligible patients
per hospital (3072 in total) to achieve 80% power to detect
a 12% difference across the intervention groups for the
site-of-treatment decision among low-risk patients. We
used a cluster-randomization design with a 0.05 signifi-
cance level test and 2 degrees of freedom (23, 29). The
target sample size included an adjustment of 30% to ac-
count for the clustering of patients within providers (29).
For the site-of-treatment decision, this study achieved
greater than 80% power to detect differences of 10% be-
tween high-intensity and moderate-intensity groups and
differences of 12% between high-intensity and low-inten-
sity groups according to separate 1-tailed tests in which the
a level was 0.025.

Because the site-of-treatment decision determines the
inpatient and outpatient denominators for the process-of-
care analyses, we estimated the power to detect the process-
of-care outcomes under both the null and alternative hy-
potheses for the site-of-treatment decision. For all inpatient
processes of care except assessment of arterial oxygenation,
the sample size provides greater than 90% power to detect
differences of 8% between the high-intensity and moder-
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ate-intensity groups and greater than 80% power to detect
differences of 8% between the high-intensity and low-in-
tensity groups. Within the relatively smaller group of out-
patients, the sample size provides at least 80% power to
detect differences of 12% between the high-intensity and
moderate-intensity groups and differences of 14% be-
tween the high-intensity and low-intensity groups. Be-
cause the anticipated rate of assessment of arterial oxy-
genation in all 3 groups was greater than 90% (9, 30),
we did not design this trial to detect differences for this
process of care.

We used 3-level logistic regression to analyze the bi-
nary effectiveness and safety outcomes, with the levels de-
fined by patient, medical provider, and emergency depart-
ment (31). We used the Metropolis—Hastings algorithm (a
Markov chain Monte Carlo method) in MLwiN statistical
software (Centre for Multilevel Modelling, London, En-
gland) to account for the cross-classification of the 28 pro-
viders who enrolled patients at more than 1 study site (32).
Intervention group was included as a fixed effect in all

Figure 1. Patient enroliment.

models. We present unadjusted intervention comparisons
for all effectiveness and safety outcomes in the appropriate
patient subgroups. We considered low-risk and higher-risk
patients separately for all site-of-treatment analyses because
the guideline made different recommendations for each;
similarly, we considered inpatients and outpatients sepa-
rately in all process-of-care analyses because recommended
processes differed by site of treatment. In addition, we cal-
culated the odds ratios and associated 95% Cls for all pair-
wise comparisons of the effectiveness and safety outcomes
across the 3 intervention groups, adjusted for state and
severity of illness as defined by PSI risk class and arterial
oxygen desaturation. The count of guideline-recom-
mended processes of care for outpatients and inpatients
was dichotomized as 4 versus 0 to 3 in the multilevel mod-
eling. We analyzed the rates at which patients returned to
work and usual activities by using multilevel, discrete pro-
portional-odds models for grouped time-to-event data.
We assessed the effect of baseline imbalances in patient
characteristics, provider volume, and emergency depart-

All intervention arms Low-intensity Moderate-intensity High-intensity
(n = 4506) intervention intervention intervention
(n = 1220) (n =1507) (n=1779)
Not enrolled Not enrolled Not enrolled Not enrolled
(n=891) (n = 342) (n =227) (n =322)
v v v v

Enrolled patients
(n = 3615 [80.2%])

Clinical exclusion
criteria: 163

Protocol or informed
consent violations: 163

Patient withdrawal or
death in emergency
department: 33

Incomplete Pneumonia
Severity Index: 37

Enrolled patients
(n =878 [72.0%])
Clinical exclusion
criteria: 55
Protocol or informed
consent violations: 70
Patient withdrawal or
death in emergency
department: 8
Incomplete Pneumonia
Severity Index: 5

Enrolled patients
(n = 1280 [84.9%])
Clinical exclusion
criteria: 51
Protocol or informed
consent violations: 42
Patient withdrawal or
death in emergency
department: 12
Incomplete Pneumonia
Severity Index: 13

Enrolled patients
(n = 1457 [81.9%])
Clinical exclusion
criteria: 57
Protocol or informed
consent violations: 51
Patient withdrawal or
death in emergency
department: 13
Incomplete Pneumonia
Severity Index: 19

v

Site-of-treatment
study sample
(n =3219 [71.4%])

—>

Incomplete chart
review (n = 18)

Y

Processes-of-care
study sample
(n = 3201 [71.0%])

v

Site-of-treatment
study sample
(n =740 [60.7%])

Incomplete chart
review (n = 0)

}

Processes-of-care
study sample
(n =740 [60.7%])

v

Site-of-treatment
study sample
(n=1162 [77.1%])

>

Incomplete chart
review (n = 3)

}

Processes-of-care
study sample
(n =1159 [76.9%])

v

Site-of-treatment
study sample
(n=1317 [74.0%])

>

Incomplete chart
review (n = 15)

\
Processes-of-care

study sample
(n =1302 [73.2%])

Overall, 4506 eligible patients were identified, of which 3615 (80.2%) were initially enrolled. Following enrollment, 396 patients were excluded because
of discovery of 1 or more clinical exclusion criteria not recognized at presentation (7 = 163), enrollment protocol or informed consent violations (» =
163), patient withdrawal or death in the emergency department before an initial site of treatment was assigned (» = 33), and incomplete information
required to assign risk class (# = 37). The most common protocol violations were enrollment of patients 1) managed by a study co-investigator in the
low-intensity group (n = 47); 2) previously enrolled in the study (» = 32); and 3) participating in a competing research protocol (7 = 29). The study
population to assess the site of treatment consisted of 3219 (71.4%) patients, and the study population to assess initial processes of care consisted of 3201
(71.0%) patients.
www.annals.org Volume 143 » Number 12885
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Table 2. Baseline Patient and Emergency Department Characteristics by Intervention Group

Baseline Characteristic Guideline Implementation Group P Value*
Low Intensity (n = 740) Moderate Intensity (n = 1162) High Intensity (n = 1317)
Demographic data
Median age,y - . e B o 70
Women, % 50.0 51.0 525
Race and ethnicity, % - )
White, non-Hispanic . - e ..903 ‘ ‘ 837 .. =0001
Black, non-Hispanic 7.6 6.0 14.1
Hispanic . By 31 18 .
Othert 0.8 ) 0.6 0.5 -
Nursing home resident, % o g .35 , o .70 ~ . <0001
Health insurance, % )
Health maintenance organization . 58 . 538 , ; 266 . 0090
Fee for service 67.8 70.0 65.2
Uninsured or unknown . 64 . 65 , - 82
Comorbid illness, %
Neoplastic disease 30 , 4.0 ~ 4.7 . 0.160
Liver disease 1.1 ) 0.7 0.8 0.66
Congestive heart failure ~ . 116 o 10.6 16.6 - <0.001
Cerebrovascular disease 7.6 6.8 8.0 0.50
Renal disease 77 44 . 69 ~ 0,005
Physical examination findings, %
~ Altered mental status ' 76 55 8.4 ‘ 0.020
Respiratory rate =30 breaths/min 11.2 10.1 12.5 0.150
Systolic blood pressure <90 mm Hg . 34 22 3.0 030
Temperature <35 °C or =40 °C 10.0 72 6.8 0.030
Pulse =125 beats/min 105 - 95 11.2 038
Laboratory results, %%
Arterial pH level <7.35 35 ~, 28 25 051
Blood urea nitrogen level =10.7 mmol/L 15.1 13:/ 13.9 0.72
Serum sodium level <130 mmol/L , 4. 43 37 070
Plasma glucose level =13.9 mmol/L (=250 mg/dL) 5.0 ) 6.4 45 0.180
Hematocrit <0.30 L ... . 82 42 . 0.020
Oxygen desaturation 19.5 19.8 255 <0.001
Pleural effusion by radiograph . B e 7.3 . - <0.001
Severity of illness, %§
Low-risk . 65.0 . 53.1 . <0001
Class I, no oxygen desaturation 24.4 21.0
Class ll, no oxygen desaturation 230 . ~ 19.2
Class I, no oxygen desaturation 17.6 12.9
Higher-risk 0 = 35.0 469
Class I-1Il with oxygen desaturation 45 9.1
Class IV ‘ , 21.0 . 296
Class V 6.5 8.2
Emergency department characteristics
Participating facilites, n . .8 . 12 . 12 . ‘
Median medical providers, n 16.0 19.5 245 0.110
Median annual visits, n , . 33303 | 3189 25 899 . 064
Urban location, % 100.0 83.3 91.7 0.77
Affiliated with a teaching hospital, % ‘ . s8¢ . 500 ‘ 50.0 | o
Pneumonia pathway used, % 62.5 66.7 66.7 1.00
~ Pneumonia order form used, % 25 . 417 50.0 . 033
Patients treated by residents, % 375 25.0 333 0.89

* Comparisons of patient and emergency department characteristics across intervention groups used 2-sided P values estimated with chi-square statistics for categorical
variables and with Wilcoxon rank-sum tests for age. Exact #-tests were used for hospital characteristics.

1 Other ethnicities include Asian/Pacific Islanders (» = 8), Native Americans or Alaskan Natives (z = 2), and uncategorized (7 = 9).

% The estimation of abnormal laboratory results other than arterial oxygenation excludes the 698 patients in risk class I from all 3 intervention groups without arterial
oxygenation desaturation because these data were not collected on patients in risk class I in the high-intensity intervention group. The data collection forms used in the
high-intensity group assigned patients to risk class I without recording these data—a method consistent with the original derivation and validation of the Pneumonia Severity
Index.

§ Severity of illness was based on risk class and level of arterial oxygenation. Clinically significant arterial oxygen desaturation was defined as PO, less than 60 mm Hg by
blood gas analysis or oxygen saturation less than 90% by pulse oximetry.

|l Emergency department randomization to intervention group was stratified by hospital teaching status.
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ment characteristics (teaching status, annual volume, pneu-
monia pathways, pneumonia order forms, and treatment
by residents) on the effectiveness outcomes. These analyses
are not shown because they had minimal effects on our
study results.

Role of the Funding Source

The funding source had no role in the design, con-
duct, or reporting of the study or in the decision to submit
the manuscript for publication.

ResuLTs

We initially enrolled 3615 (80.2%) of 4506 eligible
patients (Figure 1); a median of 113 patients (interquartile
range, 101 to 123) were enrolled per site. Compared with
nonenrolled eligible patients, participants were younger
(median age, 79 vs. 68 years) and less likely to reside in a
nursing home (35.7% vs. 5.7%). We excluded 396 en-
rolled patients from the site-of-treatment analysis, most
frequently because we discovered the presence of an exclu-
sion criterion after enrollment or because of protocol or
consent violations. Relatively fewer eligible patients were
enrolled and more patients were excluded following enroll-
ment in the low-intensity intervention group. The study
samples consisted of 3219 (71.4%) patients (1901 low-risk
and 1318 higher-risk) for site-of-treatment and 3201
(71.0%) patients (1125 outpatients and 2076 inpatients)
for process-of-care analyses.

Baseline Characteristics

Patients in the moderate-intensity group tended to be
younger than patients in the high-intensity and low-inten-
sity groups; median ages were 65, 70, and 69 years, respec-
tively (Table 2). Relatively more patients in the high-in-
tensity group were of non-Hispanic black ethnicity, were
nursing home residents, or presented with congestive heart
failure or oxygen desaturation; patients in the high-inten-
sity group were less likely to have pleural effusion. The
proportion of low-risk patients ranged from 53.1% in the
high-intensity group to 65.0% in the moderate-intensicty
group.

Most of the 409 providers who enrolled patients were
emergency medicine physicians (80.1%), men (79.7%), ot
of non-Hispanic white ethnicity (86.5%); no statistically
significant differences in characteristics were present across
intervention groups. Of the 32 emergency departments, 29
(90.6%) were urban in location and 16 (50.0%) were part of
teaching hospitals. Although fewer sites in the high-intensity
group (8.3%) had observation units and fewer in the low-
intensity group used pneumonia order forms (12.5%), no sta-
tistically significant differences in site characteristics were ob-
served across intervention groups (Table 2).

Effectiveness of the Interventions for the Recommended
Site of Treatment

Low-risk patients in the moderate-intensity (61.0%)
and high-intensity (61.9%) groups were significantly more
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likely to be treated as outpatients compared with those in
the low-intensity (37.5%) group (Table 3). The adjusted
odds for outpatient treatment of low-risk patients were sig-
nificantly elevated in the high-intensity and moderate-in-
tensity groups relative to the low-intensity group (Figure
2); there was no difference in the odds of outpatient treat-
ment in the high-intensity and moderate-intensity groups.

Higher-risk patients in the moderate-intensity group
were statistically significantly more likely to be treated as
outpatients (9.6%) compared with those in the low-inten-
sity (2.4%) and high-intensity (3.2%) groups (Table 3).
The adjusted odds for outpatient treatment of higher-risk
patients were significantly elevated in the moderate-inten-
sity group relative to the low-intensity and high-intensity
groups (Figure 2), whereas the odds in the high-intensity
and low-intensity groups were not statistically significantly
different.

Effectiveness of the Interventions for the Recommended
Processes of Care

Arterial oxygenation was assessed in 94.8% (low-in-
tensity group) to 96.7% (high-intensity group) of outpa-
tients and in 96.3% (low-intensity group) to 99.1% (mod-
erate-intensity group) of inpatients; there were no
statistically significant differences by intervention group
(Table 4). Outpatients in the high-intensity group were
significantly more likely to receive the first dose of antibi-
otic therapy (high-intensity group, 90.9%; moderate-in-
tensity group, 70.1%; low-intensity group, 64.9%) and
guideline-compliant antibiotic therapy (high-intensity
group, 65.6%; moderate-intensity group, 30.7%; low-in-
tensity group, 29.3%) in the emergency department. Out-
patients in the high-intensity group were also more likely
to receive all 4 guideline-recommended processes of care
(high-intensity group, 60.9%; moderate-intensity group,
28.3%; low-intensity group, 25.3%). More outpatients in
the high-intensity and moderate-intensity groups were pre-
scribed guideline-compliant antibiotic therapy at discharge
from the emergency department (90.7% and 89.2%, re-
spectively) than were outpatients in the low-intensity
group (80.5%).

Relative to outpatients in the moderate-intensity or
the low-intensity groups, the adjusted odds of outpatients
in the high-intensity group receiving the first dose of anti-
biotic therapy in the emergency department, appropriate
antibiotic therapy in the emergency department, and all 4
guideline-recommended processes of care were statistically
significantly elevated (Figure 2). The adjusted odds of out-
patients in the high-intensity and moderate-intensity
groups receiving guideline-compliant antibiotic therapy at
discharge from the emergency department were statistically
significantly elevated relative to outpatients in the low-in-
tensity group.

Inpatients in the high-intensity group were signifi-
cantly more likely to have 2 blood cultures obtained before
initiation of antibiotic therapy (high-intensity group,
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Table 3. Frequency of Outpatient Treatment for Low-Risk and Higher-Risk Patients by Intervention Group*

Risk Groupt

Low Intensity,
n/n (%)

Low-risk patients

sl 22313168
All low-risk patients 167/445 (37.5)
Higher-risk patients
es I-111 with oxygen desaturation

352068

Class IV 3/191 (1.6)
| ClassV L L B2ae
All higher-risk patients 7/295 (2.4)

Guideline Implementation Group P Valuet
Moderate Intensity, High Intensity,
n/n (%) n/n (%)
239/277 (86.

156/267 (58.4) ) 142/253 (5 ;
/205 (30.7) 52/17030.6)
461/756 (61.0) 433/700 (61.9)

1sz(126) 908 =
27/244 (11.1) 8/389 (2.1) =
75 03) 3/108 28 e
39/406 (9.6) 20/617 (3.2) 0.004

* Percentages are the subset treated as outpatients/the total number of patients in a given risk class who were treated in the emergency department.
1 Low-risk denotes patients in risk classes I-III without clinically significant arterial oxygen desaturation at presentation, defined as PO, less than 60 mm Hg by blood gas

analysis or oxygen saturation less than 90% by pulse oximetry.

¥ P values compare the proportion of patients within severity strata and across intervention groups who were treated as outpatients; all calculations account for the clustering
of patients within providers and emergency departments. P values were not calculated for individual strata of higher-risk patients because of sparse data.

74.2%; moderate-intensity group, 57.6%; low-intensity
group, 53.5%), to receive guideline-compliant antibiotic
therapy (high-intensity group, 74.3%; moderate-intensity
group, 59.6%; low-intensity group, 50.0%), and to receive
all 4 guideline-recommended processes of care (high-inten-
sity group, 44.3%; moderate-intensity group, 30.1%; low-
intensity group, 23.0%) (Table 4). Antibiotic therapy was
initiated within 4 hours of presentation in 77.0% (low-
intensity group) to 79.7% (moderate-intensity group) of
inpatients, and there was no statistically significant differ-
ence by intervention group. Relative to inpatients in the
moderate-intensity and low-intensity groups, the adjusted
odds of inpatients in the high-intensity group having 2
blood cultures obtained before initiation of antibiotic ther-
apy, receiving guideline-compliant antibiotic therapy, and
receiving all 4 guideline-recommended processes of care
were statistically significantly elevated (Figure 2).

Safety of the Interventions

Differences in 30-day mortality for low-risk and high-
er-risk patients across all groups were not statistically sig-
nificant (Table 5). The only death among low-risk outpa-
tients was in a patient in risk class III in the moderate-
intensity group who died 10 days after presentation during
a subsequent hospitalization for myocardial infarction. No
statistically significant between-group differences were ob-
served in any of the other safety outcomes, either unad-
justed (Table 5) or adjusted for state and PSI risk classes
(Figure 3).

DiscussIiON

Several features of our trial distinguish it from previ-
ous studies to improve the efficiency or quality of care for
pneumonia (5-9, 20-22). In contrast to the LOCAP
(Low-Risk Community-Acquired Pneumonia) study (5)
and CAPITAL (Community-Acquired Pneumonia Inter-
vention Trial Assessing Levofloxacin) (6), we included
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higher-risk patients and explicitly incorporated the impor-
tant prognostic finding of arterial oxygen desaturation into
the site-of-treatment recommendations. Unlike LOCAP,
CAPITAL, and a recently conducted trial (7), we allowed
providers to select empirical therapy rather than restricting
treatment to a single proprietary antibiotic. Our project
guideline comprised processes of care that are broadly con-
sidered to be quality indicators for pneumonia (14-18).
Finally, our comparison of 3 interventions in a multicenter
trial allowed us to examine the incremental benefits of
strategies of increasing intensity in a diverse set of patients,
providers, and emergency departments.

Our findings demonstrate that both moderate-inten-
sity and high-intensity guideline implementation strategies
increased the proportion of low-risk patients who were
treated on an outpatient basis. The observed absolute in-
creases in outpatient treatment of 24.4% (high intensity vs.
low intensity) and 23.5% (moderate intensity vs. low in-
tensity) are somewhat larger than the 15% and 18% in-
creases reported in the LOCAP (5) and CAPITAL (6)
studies. The outpatient treatment rate in the low-intensity
group (37.5%) in our study was lower than that seen in the
earlier studies (42.0% (5] and 51.0% [6]), which may par-
tially explain our larger treatment effects. The different
admission rates in our study’s low-intensity group and in
the control group of CAPITAL may be the result of sys-
tematic variation in admission rates between hospitals in
the United States and Canada (where CAPITAL was per-
formed) or the exclusion of severely ill patients in
CAPITAL (6).

Although the moderate-intensity and high-intensity
interventions increased the rate of outpatient treatment of
low-risk patients, the moderate-intensity intervention was
associated with an increased rate of outpatient treatment
(9.6%) for higher-risk patients compared with the low-
intensity (2.4%) and high-intensity (3.2%) interventions.
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Figure 2. Adjusted pairwise comparisons of intervention groups for the effectiveness outcomes.

Effectiveness Outcomes Comparisons OR (95% Cl)
Outpatient treatment
Low-risk patients —e— Moderate vs. Low, 2.7 (1.4-5.0)
—a— High vs. Low, 2.5 (1.3-4.6)
—aA— High vs. Moderate, 0.9 (0.5-1.6)
Higher-risk patients — L 3 | Moderate vs. Low, 4.5 (1.6-14.3)
— & | High vs. Low, 1.1 (0.4-3.6)
—h— High vs. Moderate, 0.3 (0.1-0.6)
Outpatient processes
Oxygenation assessment — 4 ! Moderate vs. Low, 1.1 (0.3-4.0)
b — { High vs. Low, 1.6 (0.4-6.3)
} A— | High vs. Moderate, 1.5 (0.5-4.8)
First dose of antibiotics in } *—— Moderate vs. Low, 1.3 (0.6-2.8)
emergency department I—  m | Highvs. Low, 7.0 (3.1-16.3)
—a_a— High vs. Moderate, 5.5 (2.6-11.7)
Treatment with compliant antibiotic —e— Moderate vs. Low, 1.3 (0.6-2.7)
therapy in emergency department ——®—|  Highvs. Low, 7.3 (3.4-16.0)
A High vs. Moderate, 5.7 (2.9-11.2)
Compliant antibiotic therapy b—e— Moderate vs. Low, 2.2 (1.1-4.6)
on discharge —. High vs. Low, 2.7 (1.3-5.7)
—A— High vs. Moderate, 1.2 (0.6-2.3)
All recommended outpatient —e— Moderate vs. Low, 1.4 (0.6-2.9)
processes of care — High vs. Low, 6.3 (2.8-13.8)
b High vs. Moderate, 4.6 (2.4-9.0)
Inpatient processes
Oxygenation assessment } @ - Moderate vs. Low, 4.0 (1.3-15.4)
- High vs. Low, 1.1 (0.4-3.2)
kA High vs. Moderate, 0.3 (0.1-0.9)
Blood cultures before —o— Moderate vs. Low, 1.2 (0.7-2.1)
antibiotic administration —a— High vs. Low, 2.6 (1.4-4.6)
—h— High vs. Moderate, 2.2 (1.3-3.7)
Antibiotic administration Moderate vs. Low, 1.1 (0.6-2.1)
within 4 h High vs. Low, 0.9 (0.5-1.6)
—A— High vs. Moderate, 0.8 (0.5-1.4)
Treatment with compliant antibiotic —e— Moderate vs. Low, 1.9 (1.0-3.9)
therapy in emergency department —a— High vs. Low, 3.6 (1.8-7.5)
—aA— High vs. Moderate, 1.9 (1.0-3.6)
All recommended inpatient —e— Moderate vs. Low, 1.8 (1.0-3.2)
processes of care —a— High vs. Low, 3.0 (1.7-5.4)
—Ah— High vs. Moderate, 1.7 (1.0-2.8)
T T T T T T -1
00625 0125 025 05 1 2 4 8 16
Estimated Odds Ratio, Log Scale

The solid circles, squares, and triangles represent the adjusted odds ratios (ORs) for the effectiveness outcomes, and the corresponding bars represent the
95% Cls for these estimates. Pairwise comparisons of outpatient treatment by intervention group are made separately for low-risk and higher-risk
patients, adjusting for state and severity of illness (risk class and arterial oxygen desaturation). Pairwise comparisons of the processes of care for outpatients
and inpatients by intervention group are adjusted for state and severity of illness (low risk vs. higher risk) at presentation. An OR greater than 1.0
indicates a greater likelihood of outpatient treatment or having the recommended process of care performed. Low denotes low-intensity group, Moderate
denotes moderate-intensity group, and High denotes high-intensity group.
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Table 4. Performances of Processes of Care by Intervention Group for Outpatients and Inpatients

Process of Care Guideline Implementation Group P Value*
Low Intensity Moderate Intensity High Intensity
Outpatients
Patients, n 174 498 453
Oxygenation assessment at presentation, %t 94.8 95.6 96.7 0.83
First dose of antibiotic therapy in the emergency department, % 64.9 70.1 90.9 <0.001
Antibiotic therapy administered in the emergency department, %+ <0.001
No antibiotic therapy 35.1 299 9.1 o
Noncompliant therapy 17.8 20.7 3.8
Partially compliant therapy 17.8 18.7 216
Compliant therapy 293 30.7 65.6
Antibiotic therapy prescribed at discharge from the emergency department, %+ 0.02
No antibiotic therapy 9.8 1.0 35
Noncompliant therapy 75 7.0 3.8
Partially compliant therapy 23 2.8 2.0
Compliant therapy 80.5 89.2 90.7
Recommended processes of care performed, %§ <0.001
0-1 9.2 4.8 20
2 37.4 331 13.0
3 282 33.7 241
4 253 28.3 60.9
Inpatients
Patients, n 566 661 849 ;
Oxygenation assessment at presentation, %1 96.3 99.1 97.4 0.180
Performance of 2 blood cultures before antibiotic administration, %|| 53.5 57.6 74.2 0.001
Administration of antibiotic therapy within 4 h of presentation, % 77.0 79.7 78.8 0.82
Antibiotic therapy administered in the emergency department, %+ 0.002
No antibiotic therapy 8.3 5.9 3.7
Noncompliant therapy 40.1 324 194
Partially compliant therapy 1.6 2.1 2.6
Compliant therapy 50.0 59.6 743
Recommended processes of care performed, %8 <0.001
0-1 7.8 6.7 29
2 30.0 20.6 13.5
3 39.2 42.7 39.2
4 23.0 30.1 443

* P values compare the proportion of patients who are fully compliant with the recommended processes of care across intervention groups. P values for the number of
processes of care performed for outpatients and inpatients were based on an ordinal scale. Analyses accounted for the clustering of patients within providers and emergency
departments.

t /lissessment of arterial oxygenation in the 1125 outpatients was performed by using pulse oximetry only in 91.7% and both pulse oximetry and arterial blood gas analysis
in 4.2%. Assessment of arterial oxygenation in the 2076 inpatients was performed by using pulse oximetry only in 71.3%, arterial blood gas analysis only in 0.3%, and both
pulse oximetry and arterial blood gas analysis in 26.0%.

¥ Noncompliant therapy denotes the prescription or administration of antibiotic agents that were not recommended by the project guideline. Partially compliant therapy
denotes the prescription or administration of a guideline-recommended antibiotic agent by a nonrecommended route or the use of a guideline-recommended antibiotic agent
coupled with the prescription or administration of 1 or more nonrecommended antibiotic agents. Compliant therapy denotes the prescription or administration of only the
guideline-recommended antibiotic agents by the recommended route.

§ Each outpatient in this study received at least 1 of 4 guideline-recommended processes of care. None of the 4 guideline-recommended processes of care were performed for
3 (0.5%) inpatients in the low-intensity group, 1 (0.2%) inpatient in the moderate-intensity group, and 1 (0.1%) inpatient in the high-intensity group.

[| The following significant (P = 0.004) differences by intervention group were observed for blood cultures obtained within 24 hours of presentation: 73.1% for the
low-intensity group, 81.1% for the moderate-intensity group, and 91.6% for the high-intensity group.

Some patient circumstances alter the generally accepted
clinical practice of admitting higher-risk patients, such as
terminal conditions, do-not-resuscitate status, or strong pa-
tient or family preferences. In our study, we excluded pa-
tients who were terminally ill and those admitted only for
palliative care, and we observed no differences in code sta-
tus across treatment groups. The moderate-intensity inter-
vention itself possibly contributed to this difference, and
the high-intensity intervention may have more effectively
conveyed the message that outpatient care is not recom-
mended for higher-risk patients.

Nearly 40% of low-risk patients in the high-intensity
group (14% of whom were in risk class I to 69% who were
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in risk class III) were treated on an inpatient basis, suggest-
ing that physicians often use their clinical judgment to
overrule objective risk stratification (15, 33~35). Thart cli-
nicians overrode the guideline recommendation for outpa-
tient therapy, particularly for patients in risk classes II and
III, is consistent with previous studies (5, 6). Factors that
probably prompted these decisions include 1) the medical
and psychosocial contraindications to outpatient care that
were explicitly incorporated into the study guideline and 2)
the tendency for physicians to overestimate the severity of
illness in low-risk patients who are older and have 1 or
more comorbid conditions (23). Our trial further demon-
strated that the high-intensity intervention was most effec-
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tive at increasing the performance rates for many of the
recommended processes of care. Although the high-inten-
sity intervention led to large relative improvements in the
overall performance of the 4 recommended processes of
care, only 61% of outpatients and 44% of inpatients had
all processes completed. This finding reinforces the need
for more potent quality improvement strategies for patients
with pneumonia.

More specifically, our study identified opportunities to
improve the physician’s approach to prescribing antibiotic
therapy for pneumonia. Even in the high-intensity group,
34% of outpatients and 26% of inpatients did not receive
antibiotic therapy in the emergency department that com-
plied with guideline recommendations. Most commonly,
physicians who did not comply with guidelines for outpa-

tients were overusing multiple-agent regimens or adminis-
tering therapy parenterally—more costly treatments that
are unlikely to improve patient outcomes. Providers who
did not comply with inpatient guidelines were most often
prescribing antibiotic agents that were not recommended,
a noteworthy finding given the association between appro-
priate empirical antibiotic therapy and improved survival
for inpatients with this illness (11, 12).

The observed assessment of arterial oxygenation in
nearly all outpatients (>95%) and inpatients (>97%)
probably reflects a “ceiling effect.” Other large studies have
documented performance rates of 89% to 95% for assess-
ment of oxygenation, suggesting that quality improvement
initiatives are unlikely to make further improvements in
this measure at most hospitals (9, 30). The lack of an

Table 5. Safety Outcomes for Low-Risk and Higher-Risk Patient Subgroups by Intervention Group

Outcome

All low-risk patientst

Patients, n

Death within 30 days, %
Class I
Class Il
Class Il
All low-risk patients

Median days to return to work and usual activities (interquartile range), n
Return to work
Return to usual activities for nonworkers
Return to usual activities for workers

Patient satisfaction with care, %
“Satisfied” with site-of-treatment decision
“Very satisfied” with emergency department care
“Very satisfied" with overall medical care

Low-risk outpatients*
Patients, n
Subsequent hospitalization, %

Low-risk inpatientst
Patients, n
Any medical complication, %
Pneumonia-related medical complication, %§&
Admission to intensive care unit, %

Higher-risk patients||
Patients, n
Death within 30 days, %
Class |-1ll with oxygen desaturation9l
Class IV
Class V
All higher-risk patients

Guideline Implementation Group P value*
Low Intensity Moderate Intensity High Intensity
445 756 700
0.0 0.0 0.0 -
1.2 11 1.6 =
6.2 29 3.6 -
23 1:2 1.5 0.47
10 (6 to 21) 9 (5 to 21) 9(5t017) 0.42
17.5 (8 to >29) 19 (7 to >29) 15 (7 to >29) 0.41
15 (7.5 to 28.5) 14 (7 to >29) 14 (7 to 28) 0.16
90.0 87.0 86.9 0.36
714 66.0 66.3 0.36
66.9 703 69.0 0.62
167 461 433
6.6 6.1 58 0.99
278 295 267
269 229 19.5 0.16
16.7 11.0 115 0.10
6.5 6.8 10.7 0.17
295 406 617
1.9 23 0.8 -
4.7 8.6 9.0 =
28.8 17.3 19.4 -
85 89 93 0.92

* P values compare the outcomes of various patient subgroups across intervention groups; all calculations account for the clustering of patients within providers and
emergency departments. P values were not calculated for individual risk strata because of sparse data.

1 Low-risk patients were in risk classes I through III without evidence of clinically significant arterial oxygen desaturation. Follow-up to assess 30-day mortality was
incomplete for 53 (2.8%) low-risk patients (low-intensity group, 7 patients; moderate-intensity group, 21 patients; high-intensity group, 25 patients). Follow-up interviews
to assess return to work and usual activities and satisfaction with care were incomplete for an additional 173 (9.1%) low-risk patients (low-intensity group, 34 patients;
moderate-intensity group, 73 patients; high-intensity group, 66 patients) known to be alive at 30 days. Patients with incomplete follow-up were excluded from the
denominator in the calculation of these outcomes measures.

¥ Medical record review to assess subsequent hospitalization was incomplete for 2 low-risk outpatients. Medical record review to assess medical complications was incomplete
for 12 low-risk inpatients, and record review to assess admissions to intensive care units was incomplete for 8 low-risk inpatients. Patients without medical record reviews were
excluded from the denominator in the calculation of these outcomes measures.

§ A pneumonia-related complication was defined as respiratory failure, new or worsening heart failure or pulmonary edema, atrial arrhythmia, evidence of suppurative
infection, or sepsis (12).

|| Follow-up to assess 30-day mortality was incomplete for 3 higher-risk patients, who were excluded from the denominator in the analysis of this outcome.

1 Clinically significant arterial oxygen desaturation was defined as PO, less than 60 mm Hg by blood gas analysis or oxygen saturation less than 90% by pulse oximetry.
Volume 143 * Number 12 (891
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Figure 3. Adjusted pairwise comparisons of intervention groups for safety outcomes.

Safety Outcomes Comparisons OR (95% Cl)
Low-risk patients
30-day mortality rate } y Y | Moderate vs. Low, 0.5 (0.2-1.4)
} - | High vs. Low, 0.7 (0.3-1.9)
} e | High vs. Moderate, 1.3 (0.5-3.6)
Return to work —o— Moderate vs. Low, 1.0 (0.8-1.4)
(workers) il G High vs. Low, 1.2 (0.9-1.5)
A High vs. Moderate, 1.1 (0.9-1.4)
Return to usual activities Moderate vs. Low, 1.0 (0.8-1.3)
(nonwarkers) High vs. Low, 1.2 (0.9-1.5)
High vs. Moderate, 1.2 (1.0-1.4)
Return to usual activities Moderate vs. Low, 1.0 (0.8-1.3)
(workers) oy | High vs. Low, 1.2 (0.9-1.5)
H—A—] High vs. Moderate, 1.2 (0.9-1.5)
“Satisfied" with site of e Moderate vs. Low, 0.7 (0.5-1.2)
treatment decision L e High vs. Low, 0.7 (0.5-1.2)
}-——*—————4 High vs. Moderate, 1.0 (0.7-1.5)
“Very satisfied” with L S Moderate vs. Low, 0.8 (0.6-1.1)
§1vetio deputontcers ] High vs. Low, 0.8 (0.6-1.2)
}——L——| High vs. Moderate, 1.0 (0.8-1.4)
“Very satisfied” with ——eo— Moderate vs. Low, 1.2 (0.9-1.6)
overall care L i High vs. Low, 1.2 (0.8-1.6)
High vs. Moderate, 1.0 (0.7-1.3)
Low-risk outpatients
Subsequent hospitalization b | Moderate vs. Low, 1.1 (0.4-2.7)
} | High vs. Low, 1.0 (0.4-2.7)
| A | High vs. Moderate, 0.9 (0.4-2.1)
Low-risk inpatients
Any medical complication [ Moderate vs. Low, 0.7 (0.5-1.2)
— High vs. Low, 0.6 (0.4-1.0)
——h—— High vs. Moderate, 0.8 (0.5-1.3)
Intensive care unit admission i @ | Moderate vs. Low, 1.0 (0.5-2.2)
| . ] High vs. Low, 1.8 (0.9-3.6)
} A — High vs. Moderate, 1.7 (0.9-3.4)
Higher-risk patients
30-day mortality rate f ® | Maoderate vs. Low, 1.1 (0.7-2.0)
- High vs. Low, 1.1 (0.7-1.9)
—aA— High vs. Moderate, 1.0 (0.6-1.6)
T T T T T 1
0.125 025 05 1 2 4 8
Estimated Odds Ratio, Log Scale

The solid circles, squares, and triangles represent the adjusted odds ratios (ORs) for the safety outcomes, and the corresponding bars represent the 95%
Cls for these estimates. Pairwise comparisons of these outcomes by intervention group are made separately for relevant subgroups of patients, adjusting
for state and severity of illness. An OR greater than 1.0 indicates a greater likelihood of a given outcome. Low denotes low-intensity group, Moderate
denotes moderate-intensity group, and High denotes high-intensity group.

intervention effect for the timeliness of initiating inpatient all 3 intervention groups; in comparison, a compliance rate
antibiotic therapy may also be attributable to the relatively of 61% was observed in a recent national study of 13 771
high (80%) compliance rate for this process measure across elderly inpatients with pneumonia (10). The higher rate
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that we observed may also reflect that all patents were
admitted through the emergency department, where it is
more feasible to rapidly initiate antibiotic therapy follow-
ing the admission decision.

Use of our guideline did not appear to compromise
patient safety. Despite the higher rate of outpatient treat-
ment among low-risk (moderate-intensity and high-inten-
sity groups) and higher-risk (moderate-intensity group) pa-
tients, we observed no differences in mortality rates across
intervention groups. Furthermore, guideline implementa-
tion did not negatively influence other outcomes thar are
important to patients, such as the need for subsequent hos-
pitalization, the speed at which they are able to return to
work or usual activities, or their satisfaction with care.

Six limitations of our trial should be acknowledged.
First, demographic characteristics differed between eligible
patients who were and were not enrolled. However, our
71% enrollment rate is laudable for a multicenter clinical
trial, and the enrolled patients were demographically and
clinically diverse. Second, we observed a lower enrollment
rate and higher rate of exclusion following enrollment in
the low-intensity group relative to the other groups. Nev-
ertheless, the similarity of enrolled patients across all 3
groups supports the internal validity of the study compar-
isons. Third, randomization at the emergency department
level does not ensure balance at the patient or provider
level. We observed some imbalances in levels of illness se-
verity across the intervention groups; however, our analyses
of the site of treatment were performed separately for low-
risk and higher-risk patients, and our multivariable analy-
ses were not sensitive to the few imbalances that were ob-
served at baseline. Fourth, we did not collect information
on the use of patient medical resources or the costs of
guideline implementation; therefore, we cannot quantify
the relative cost-effectiveness of our 3 interventions. Fifth,
we did not incorporate a true usual-care control group,
which may have led us to underestimate the true magni-
tude of effect of the moderate-intensity and high-intensity
interventions. Sixth, we did not collect pretrial or post-trial
data on the site of treatment or the processes of care for
patients who met our eligibility criteria. Therefore, we can
neither exclude the possibility of baseline institutional dif-
ferences nor assess the persistence of the intervention ef-
fects after the intervention has been discontinued.

In conclusion, we found that emergency departments
that used moderate-intensity and high-intensity guidelines
safely increased the proportion of low-risk patients with
pneumonia who were treated as outpatients. The high-
intensity strategy was most effective in increasing the per-
formance of recommended processes of care for outpatients
and inpatients alike, and it was more effective than the
moderate-intensity strategy for conveying that inpatient
treatment is recommended for higher-risk patients.
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