
Judging the Effectiveness
of Clinical Pathways for
Pneumonia: The Role of
Risk Adjustment

CONTEXT. Although observational studies suggest that clinical pathways may decrease
costs and improve quality in hospitalized patients with community-acquired pneu-
monia, inferences from these studies are limited by potential selection bias and inad-
equate case-mix adjustment.

OBJECTIVE. To compare the assessment of a clinical pathway for community-acquired
pneumonia with and without adjusting for patient characteristics and disease 
severity.

DESIGN. Retrospective cohort study.

PATIENTS AND SETTING. Consecutive series of adult patients admitted with clinical
diagnosis of community-acquired pneumonia, treated with either a clinical pathway
(which included guidelines for antibiotics, tests, and ancillary care) or usual care.

MAIN OUTCOME MEASURES. Total hospital charges, length of stay, clinical deteriora-
tion (requiring mechanical ventilation or intensive care unit transfer), and in-hospi-
tal mortality. We used multiple linear and logistic regression to adjust for patient
case mix.

RESULTS. Compared with patients receiving usual care (n=275), patients in the path-
way group (n=97) were more likely to be treated by family physicians than special-
ists and had lower pneumonia severity scores. In the unadjusted analysis, total hos-
pital charges were lower among pathway patients ($2456; 95% CI, $175 to $4737; P
=0.04); in the adjusted analysis, the difference in total charges was smaller (average
reduction $1807; CI, $4164 lower to $549 higher; P =0.13). In the unadjusted analy-
sis, length of stay was lower among pathway patients (1.8 days lower; CI, 3.9 lower
to 0.4 higher; P =0.12); in the adjusted analysis, the difference in length of stay was
smaller (0.9 days lower; CI , 3.2 lower to 1.3 higher; P =0.4). Although unadjusted
analysis showed significantly lower in-hospital mortality in pathway patients, this
difference was not confirmed in the adjusted analysis.

CONCLUSIONS. Clinical pathways may reduce costs and improve quality of care in
community-acquired pneumonia. In nonrandomized studies, however, selection bias
and case-mix differences may explain some of the apparent effectiveness.

Community-acquired pneumonia is a leading cause of morbidity and mortality
in the United States. Three million patients each year develop this condition,

which has an overall mortality rate of approximately 10%.1–4 The total cost of caring
for patients with community-acquired pneumonia in the United States is approxi-
mately $4 billion per year.1 One way to reduce costs and improve quality of care is
practice guidelines and clinical pathways,5–10 many of which have been developed for
treating patients with pneumonia.11–13 These efforts are intended to reduce unwant-
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ed variation in treatment and outcomes,2, 14–22 identify
best practices, and promote efficient use of resources.

Unfortunately, the effectiveness of practice guide-
lines and clinical pathways in community-acquired

pneumonia is uncertain. Most studies evaluating their
effectiveness have been observational in design and are
limited by potential selection bias.6–10 Inconsistent find-
ings across these studies may reflect inadequate adjust-
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*DBP = diastolic blood pressure; IV = intravenous; RR = respiratory rate; SBP = systolic blood pressure; TB = tuberculosis.

TABLE 1

Pneumonia Optimal Care Pathway*

VARIABLE

Assessment

Tests

Consultations

Treatments

Medications

Diet

Teaching

Activity

Discharge
planning

DAY OF ADMISSION

Assess vital signs every 4 hrs

Assess tuberculosis risk factors

Conduct pulse oximetry if 
O2 saturation < 90% 

Take blood culture, sputum
Gram stain and culture, chest
x-ray

Consider: nutritionist,
epidemiologist, physical 
therapist

Provide O2 if saturation < 90%

Isolate for tuberculosis if 
indicated

Antibiotics NOW (refer to 
algorithm)

Give IV fluids, antipyretic 
medication

Control pain 

Take precautions against 
aspiration

Encourage oral intake

Provide pneumonia information

Describe purpose of pulse
oximetry, O2 administration,
isolation, medications,
optimal care pathway

Refer to social worker

DAY 2 THROUGH DISCHARGE

If patient is receiving oral anti-
biotics, evaluate for discharge 

Stop pulse oximetry if 
O2 saturation > 92%

Assess need for home O2

Take chest x-ray if condition
worsens

Consider: pulmonary or 
infectious disease

Stop O2 if saturation > 92%

Smoking cessation

Adjust antibiotic regimen

Prescribe oral antibiotics before
discharge

Assess need for pneumococcal
and influenza vaccination

Prescribe diet as indicated

Ensure patient is ambulatory

OUTCOME / OBJECTIVE

No respiratory pain, temperature
<100.4 °F, pulse >50 but 
<120 bpm

SBP >85 but <180, DBP < 110

RR at baseline levels, O2 satura-
tion > 92% or at baseline levels

Normal test results or return to
baseline levels

Consultations completed

O2 discontinued or home O2
service available

Tolerates oral antibiotics

Able to obtain medications

Pneumococcal and influenza
vaccine given if appropriate

Adequate dietary intake for 
24 hrs 

Knows about respiratory 
infection and when to contact
physician

Understands side effects

Capable of meeting self-care
needs

Given referrals for post 
discharge support



ment for patient age, comorbid conditions, or severity
of illness. To test the importance of risk adjustment in
this setting, we compared the assessment of a clinical
pathway for community-acquired pneumonia with and
without adjusting for patient characteristics and dis-
ease severity.

Methods

We conducted a retrospective cohort study of 372
patients hospitalized with community-acquired pneu-
monia in a 715-bed primary and tertiary care hospital
between January 1996 and March 1997. The retrospec-
tive cohort design is useful in the initial evaluation of
clinical pathways.23 Less than 10% of patients had man-
aged care health insurance. 

A pulmonary clinical nurse specialist and nursing
staff screened patients in the emergency department or
within 24 hours after admission and reminded the physi-
cian about the existence of the pathway. Physicians then
elected to use the pathway or not. Patients on the clinical
pathway served as the intervention group (n=97).
Patients not on the clinical pathway served as the control
group (n=275). This study was approved by our institu-
tional review board.

Clinical Pathway

A clinical pathway is a multidisciplinary tool that out-
lines the process of care and expected outcomes.5, 24 It was
designed with the input of local infectious disease spe-
cialists, pulmonologists, general internists, respiratory
therapists, and nursing personnel. The pathway provides
guidelines for the use of antibiotics, tests and procedures,
oxygen and bronchodilators, nutritional evaluation, early
mobilization, and patient assessment and education
(Table 1). The guidelines of empirical initial antibiotic
therapy were based on local epidemiology, and consider-
ation was given to current guidelines12; however, antibi-
otics were not restricted. Nursing personnel documented
specific goals accomplished (e.g., antibiotics begun with-
in 4 hours, oxygenation, mobility, and discharge plan-
ning). Failure to accomplish a goal would trigger an
action to resolve it. For example, if saturation of oxygen
was less than 90%, then the oxygen flow would be
increased; conversely, if saturation was over 93%, then
the action would be to decrease or discontinue oxygen
supplementation. A copy of the clinical pathway is avail-
able from the authors.

Inclusion and Exclusion Criteria

Hospital discharges with selected diagnosis-related
groups or primary or secondary diagnosis codes from
the International Classification of Diseases diagnosis

codes, Ninth Revision, Clinical Modification (ICD-9-
CM) were selected. Patients were included if they
were diagnosed as having pneumonia, received treat-
ment, and did not meet any of the exclusion criteria
(Figure 1).

Outcomes

The primary economic outcomes were total hospital
charges and length of hospital stay. The clinical out-
comes were clinical deterioration requiring mechanical
ventilation or intensive care unit transfer, and mortality
during the index hospitalization. A secondary clinical
outcome was 30-day readmission.

Data Collection

We collected the following data: age, sex, race, year, sea-
son of year, insurance status, source of admission, sever-
ity, comorbid conditions,25 processes of care (use of
Gram stain and time to first dose of antibiotics), and
physician’s specialty and teaching appointment. We
used the Fine severity score—a validated measure of
severity of pneumonia that uses age and physical exam-
ination, laboratory, and radiographic findings to rate
disease severity.1 The index sums the weights assigned
to each characteristic and then groups them into five cat-
egories of severity (Table 2). The index predicts 30-day
mortality, readmission, intensive care unit transfer, and
length of stay.1 We computed the Charlson Index, 26–29

which sums weights for each chronic comorbid condi-
tion that the patient has had according to current and
previous hospital admission records.30,31 The index has
been shown to predict the risk for death within 1 year of
medical hospitalization.26,27,32

We obtained data from a combination of adminis-
trative databases and chart reviews. Severity data were
only available through chart reviews. We validated
administrative data with chart reviews. We restricted the
chart abstractor’s access to areas of the chart that revealed
whether the patient was on the pathway, thereby blind-
ing the abstractor to study group assignment. Audits
were done throughout the data collection process.

Statistical Analysis

All analyses were planned a priori. We used the Student
t and chi-square tests for the unadjusted, bivariate
analyses. We then used linear and logistic regression to
test the significance of the pathway for the adjusted
analyses.33,34 We adjusted for sex, race, pneumonia-
specific severity of illness, season, physician specialty,
whether the physician was an academic, admission
source (emergency department or other), and insurance
type. The reference categories were spring (for season),
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internist (for specialty), commercial (for insurance type),
and class I (for severity of illness).

The adjusted analyses are multivariate techniques
that provide statistical control for covariates, also called
confounding variables. The effect of the explanatory
variables are isolated, which removes the effect of the
confounding variables. For example, when looking at
the pathway’s effect on length of stay, we want to elimi-
nate the possible impact of severity, sex, race, insurance
type, and so on. All hypotheses were tested at � = 0.05. 

To illustrate the effect of risk adjustment, we cal-
culated the adjusted predicted values for total charges
and length of stay as follows: We used the coefficients
from the linear regression model to solve the regression
equation for the clinical pathway and usual care groups,
and used the mean or overall proportion for the entire
population for each independent variable. We recog-
nized that total charges and length of stay had skewed
distributions and repeated the analyses by using log
transformation, with similar results (data not present-
ed). We analyzed the data by using the SPSS 8.0 soft-
ware (Chicago, Illinois).

Results

During the study period, 1878 patients were discharged
with a diagnosis of pneumonia. Of these, 19.8% were

included (n=372) and 80.2% (n=1506) were excluded
(Figure 1). Of the 372 study patients, 97 were on the
pathway and 275 were not. The baseline characteristics,
comorbid conditions, and severity for the two groups are
shown in Table 2. Pathway patients were treated more
frequently by family physicians (P =0.002), had lower
pneumonia-specific severity of illness (P = 0.07), and had
fewer comorbid conditions (P =0.005).

Economic Outcomes

In the unadjusted analysis, the total charges were $2456
lower among patients in the pathway group (CI, $175
lower to $4737 lower; P =0.04). In the adjusted analysis,
however, the average difference in total charges was
smaller and not statistically significant ($1807 reduction;
CI, $4164 lower charges to $549 higher charges; P =0.13)
(Figure 2).

Similarly, there was a trend toward shorter length
of stay in pathway patients (1.8 days lower; CI, 3.9 lower
to 0.4 higher; P =0.12). Differences in length of stay were
smaller in the adjusted analysis (0.9 days lower; CI, 3.2
lower to 1.3 higher; P =0.4) (Figure 2).

Clinical Outcomes

In the unadjusted analysis, mechanical ventilation or
transfer to the intensive care unit was similar between
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Screened patients
 (admitted with pneumonia)

(n = 1878)

Excluded patients (n = 1506)*
Age <18 years
Not community acquired
Miscoded

Included patients
(n = 372)

Usual care
(n = 275)

Clinical pathway
(n = 97)

Outcome assessment:
Economic
Medical

FIGURE 1. Study design and inclusion
and exclusion criteria. *Patients may
have more than one exclusion criterion.
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*Variables used to compute the Fine pneumonia-specific severity index.

TABLE 2

Baseline Characteristics

VARIABLE

Mean age ± SD, yr*

Male sex*

White ethnicity

Physician specialty
Family medicine
Internal medicine
Other

Academic physician

Admitted through emergency department

Season of year
Summer
Fall
Winter
Spring

Insurance
Medicare
Medicaid
Commercial/other
None

Comorbid conditions*
Cancer
Liver disease
Congestive heart failure
Cerebrovascular disease
Renal failure

Physical examination findings*
Altered mental status
Respiratory rate ≥ 30 breaths/min
Systolic blood pressure < 90
Temperature < 95 °F, ≥ 104 °F
Pulse ≥ 125/min

Laboratory and radiographic findings*
Blood pH < 7.35
Blood urea nitrogen ≥ 30 mg/dL (11 mmol/L)
Na (sodium) <130 mmoL/L
Glucose ≥ 250 mg/dL (14 mmol/L)
Hematocrit < 30%
PO2 <60 mm Hg (or O2 saturation < 90%)
Pleural effusion

Pneumonia-specific severity index (Fine)
Class I
Class II
Class III
Class IV
Class V

Comorbidity Index (Charlson)*

CLINICAL PATHWAY 
(n=97)

62 ± 19

53%

63%

38%
39%
23%

58%

74%

17%
27%
41%
16%

49%
10%
21%
21%

6.2%
1%

14.4%
8.2%
9.3%

8.3%
11.3%
1%
2.1%
9.3%

1%
11.5%
5.2%

12.4%
12.5%
11.5%
23.2%

16%
33%
21%
24%
6%

0.9 ± 1.01

USUAL CARE 
(n=275)

61 ± 20

49%

52%

22%
40%
39%

50%

75%

11%
24%
48%
18%

54%
16%
14%
16%

10.6%
3.6%

21.2%
11.3%
16.4%

15.6%
17.5%
4.7%
4.7%

13.8%

5.5%
19.7%
3.6%
4.7%

14.5%
11.6%
22.5%

14%
21%
21%
32%
12%

1.33 ± 1.34

P VALUE

>0.2

>0.2

0.08

0.002

0.19

>0.2

>0.2

0.20

0.14
0.17
0.09

>0.2
0.06

0.05
0.10
0.08
0.20
0.16

0.05
0.04

>0.2
0.01

>0.2
>0.2
>0.2

0.07

0.005



patients in the pathway group (4.1%) and those in the
usual care group (2.9%) (P =0.5).

In the unadjusted analysis, hospital mortality was
lower among patients in the pathway group (0% vs. 5.1%
in usual care; CI, 2.5% to 7.7%; P =0.03). However, the
association between mortality and use of the pathway
disappeared after adjustment for baseline characteristics
and pneumonia-specific severity of illness (P =0.8).

Secondary Outcomes

There were small differences in the use of Gram stains
and time to first use of antibiotics between the pathway

and usual care groups (Table 3). Pathway patients had
generally lower charges for each type of resource use.
However, only differences in laboratory and pharmacy
costs were statistically significant.

Discussion

We examined the importance of risk adjustment in evalu-
ating the effectiveness of a clinical pathway in patients with
community-acquired pneumonia. Without adjusting for
baseline differences in risk between pathway and usual
care patients, patients on the pathway tended to have lower
mortality, lower health care costs, and shorter lengths of
stay in the hospital. With risk adjustment, however, differ-
ences between the two groups narrowed and, in each case,
became statistically nonsignificant. Higher costs and high-
er mortality in usual care patients were at least partly
attributable to higher severity of illness in this group.

Although our findings underscore the importance
of risk adjustment in evaluating clinical pathways, they
do not imply that pathways and practice guidelines for
community-acquired pneumonia are not effective.
Although the decrease in charges for pathway patients
was not statistically significant, these findings can be
interpreted in two ways: 1) No real difference between
groups exists (true negative), or 2) a difference exists, but
the study failed to detect it (false negative). Because most
of the confidence interval falls within the savings range,
the latter explanation is more likely. At the very least,
the potential $1807 decrease in charges in patients treat-
ed under the clinical pathway deserves further study.
We also hypothesized that use of a pneumonia pathway
would maintain or improve medical outcomes. The low
frequency of mortality and intensive care unit admission
did not permit firm comparisons between the groups.
However, mortality or readmisson rates did not seem to
be increased among patients treated with the pathway.

Other efforts to evaluate practice guidelines in
patients with community-acquired pneumonia at low
risk for complications have been published.35,36 A practice
guideline of switching patients from parenteral to oral
antibiotics and early hospital discharge did not improve
medical or economic outcomes.35,36 Health-related quali-
ty of life, patient satisfaction,35 3- to 5-month outcomes
(readmissions, health status, and patient satisfaction),36

and length of stay35,36 were similar for intervention and
control groups. In a recent clinical trial, Marrie and col-
leagues37 found that implementation of a clinical pathway
reduced the number of bed-days per patient managed by
1.7 and decreased admission of low-risk patients by 18%,
without causing harm to patients. The potential savings
per patient treated was estimated at $1700. Unlike these
studies, our study was not restricted to low-risk patients.
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FIGURE 2. Economic outcomes: total hospital charges (top)
and length of hospital stay (bottom). Covariates in adjusted P val-
ues are sex, ethnicity, pneumonia-specific severity of illness, sea-
son, physician specialty, academic physician, emergency depart-
ment admit, and insurance type.
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Our study has several limitations. First, like any
observational study, it is subject to both bias and con-
founding.38 We hoped to minimize these problems by
blinding the chart abstractors to the intervention and
adjusting carefully for differences in patient characteris-
tics and disease severity. Second, we supplemented our
analysis dataset with administrative data. Although the
limitations of such data are well-known, the combina-
tion of administrative data and chart review has been
shown to be reliable for predicting death in patients
with acute myocardial infarction, pneumonia, heart fail-
ure, and cerebrovascular accident.39,40 Third, we did not
examine compliance with the pathway. Low compliance
may explain the reported lack of effectiveness.

Because development and implementation of clini-
cal pathways demand enormous resources, pathways
should be subjected to rigorous testing to determine their
effectiveness. Our study underscores the importance of
accounting for patient case mix in the evaluation process.
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