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Performance and Utilization of an
Emergency Department Electronic
Screening Tool for Pneumonia

A

ppropriate treatment of pneumonia begins with
accurate diagnosis. However, clinicians have difficulty integrating data for clinical decision making.1 Significant variability in pneumonia management
exists in the emergency department (ED).2 Decision support might decrease variability and improve care, but physician utilization is historically low.3 An alerting tool is
needed for physicians to utilize computer-based pneumonia decision support.
We developed a real-time electronic screening tool that
identifies patients with pneumonia by applying Bayesian probabilistic logic to the electronic medical record,
and we implemented the tool in 4 EDs. A “P” appears

on the ED electronic tracker board when pneumonia likelihood reaches 40%. Clicking on the icon displays pneumonia likelihood and the relevant data (Figure). After
confirming the diagnosis, the ED physician proceeds with
a linked decision support tool that provides management recommendations.
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We measured tool sensitivity, specificity, and predictive values against physician panel case review. We also
measured physician acknowledgment of the screening tool
alert and utilization of the linked pneumonia management tool.
Methods. In 1995, Intermountain Healthcare began deploying an electronic medical record in Salt Lake County,
Utah EDs, currently staffed by 80 attending physicians
and 24 emergency medicine residents. A paper-based

Figure. Screen brought up after clinician clicks the “P” alert on the electronic tracking board. Estimated likelihood of pneumonia as well as relevant clinical
features are presented to the clinician, who may agree or disagree with the diagnosis.
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pneumonia guideline was implemented with moderate
success in 1996.4 Electronic screening tool development began in 1998,5 but implementation was impractical until dictated radiology reports became electronically available a median of 20 minutes after study
completion.
The pneumonia screening tool is based on a medical
screening and diagnosis framework within Intermountain Healthcare’s computerized environment. The tool
monitors ED patient data, extracts relevant clinical features, and calculates the pneumonia probability. The tool
development reference data set included 48 449 Intermountain ED patient encounters from 2008 through 2010,
including 2413 patients with pneumonia. Utilized data
include 6 vital sign variables, 6 laboratory values, 25 nursing assessment variables, patient age, patient’s chief complaint, and findings extracted from the chest imaging report using natural language processing. For example,
complaints of fever or cough increase likelihood of pneumonia. Since pneumonia is “a constellation of suggestive clinical features with a demonstrable infiltrate,”6(pS39) the tool runs when any ED patient’s dictated
chest imaging report becomes available.
Study Population. The study population included all
ED patients with chest imaging during two 2-month periods in 2011, immediately following implementation in
May and then 6 months later. We thereby studied tool
performance during early summer and early winter periods of pneumonia incidence and measured physician
utilization over time. We randomly selected from each
time period 300 plus 60 additional patients for whom the
tool alerted for possible pneumonia. Three physician authors independently reviewed patient records to determine presence of pneumonia. Initial disagreement was
resolved by discussion and consensus. The Intermountain Healthcare institutional review board approved tool
development, implementation, and data collection as quality improvement.
Statistical Analysis. Random sample data allowed unbiased estimates and CIs using standard formulas. To correct for verification bias in the combined sample, sensitivity and specificity estimates were computed using the
Begg and Greenes approach7 with 95% CIs by biascorrected bootstrap. Tool utilization was analyzed by 2
analysis.
Results. Chest imaging was performed on 13 859 ED patients during the 2 study intervals. Pneumonia incidence was 8.2%. Among patients with pneumonia confirmed by physician panel review (n = 109), mean (SD)
age was 56.2 (20.7) years; 56% were women; and hospital admission rate was 48%.
The screening tool alerted in 81 of 109 true cases of pneumonia (74%) by physician review. The tool falsely alerted
in 78 of 612 patients without pneumonia (13%). Sensitivity was 40.9% (95% CI, 32.0%-52.0%); specificity, 96.6%
(95% CI, 95.9%-97.3%); positive predictive value, 50.9%
(95% CI, 42.9%-58.9%); and negative predictive value,
95.0% (95% CI, 92.9%-96.7%). Imaging reports incorrectly read positive by the tool caused 59% of falsepositive cases. Most false-negative cases were caused by lack
of clinical pneumonia features other than chest imaging.

Among true-positive pneumonia cases, physicians’
agreement with the tool alert increased over the first 6
months nonsignificantly from 37% (15 of 41) to 53% (21
of 40) (P=.18). Of true pneumonia cases, tool utilization
increased from 12% (6 of 49) to 48% (29 of 60) (P⬍.001).
Comment. We developed and implemented an electronic screening tool for pneumonia with moderate accuracy compared with physician review. We have not
found a similar tool reported previously.6 Our tool’s greatest challenge has been natural language processing translation of dictated, unstructured radiology reports into discrete conclusions. Variability in radiology reports makes
interpretation difficult both for computers and clinicians. Changing to structured reporting would improve
tool performance (eg, “new parenchymal opacity consistent with pneumonia in the appropriate clinical setting: yes/no/possibly”).
Choosing the alert threshold of 40% was another challenge. Screening tools usually maximize sensitivity over
specificity, but we emphasized specificity to avoid “alert
fatigue.”8 Because lower sensitivity resulted, we allowed
clinicians to launch the management tool via a desktop
icon in a parallel process.
Accuracy and utilization will likely improve with iterative improvements. The next performance test will be
to determine if the tool helps physicians diagnose pneumonia and improve clinical outcomes.6
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INVITED COMMENTARY

Computers and the Diagnosis of Pneumonia

P

neumonia and influenza together ranked as the
eighth leading cause of death in the United States
and led to over 1 million hospital admissions in
2009, with pneumonia accounting for the majority of the
deaths.1 While most cases will resolve with treatment,
patients admitted to the intensive care unit have mortality rates as high as 37%.2 Prior studies show that timely
initiation of appropriate antibiotic therapy is associated
with decreased mortality.3 In addition to its clinical and
public health importance, pneumonia is also one of several conditions targeted in “pay for performance” approaches, and hospitals’ performance on certain measures of pneumonia quality is publicly reported. Thus,
establishing an accurate and timely diagnosis of this illness is imperative.
Over the past 30 years, several clinical prediction rules
have been developed to aid clinicians in the diagnosis of

pneumonia. Despite the validation of such rules, which
rely on the presence of signs and symptoms to estimate
the probability of pneumonia, there is no combination
of history and physical examination findings that can rule
in or rule out pneumonia with certainty. 4 Consequently, the presence of an infiltrate found on chest radiograph in the right clinical scenario is considered the
reference standard for the diagnosis of pneumonia. Clinicians use a combination of symptoms, signs, and laboratory and radiographic findings to diagnose and treat
patients with pneumonia and to prognosticate outcomes, and the advent of electronic medical records and
computerized decision support means that each of these
data points is now available for computers to do this work
for us.
It is in this context that Dean et al5 report on the development of a screening tool to identify patients with
pneumonia in the emergency department (ED) using data
prospectively amassed within an electronic medical record.5 The tool monitors ED patients and calculates the
probability of pneumonia based on their chief complaint, age, vital signs, laboratory findings, nursing assessment, and chest radiography reports interpreted using
natural language processing. The screening tool alerts physicians when the probability of pneumonia reaches a 40%
threshold. The authors focus on patients who had already undergone chest imaging to determine the diagnostic test characteristics of the tool, with adjustment for
verification bias. To assess the tool, the gold standard for
the diagnosis of pneumonia was not the chest radiograph (since these findings were inputs for the screening tool) but instead was an implicit determination of
pneumonia by a panel of 3 physicians who reviewed the
medical record. The tool alerted in 74% of true cases of
pneumonia and in 13% of patients without pneumonia,
with a reported sensitivity of 40.9% and a specificity of
96.6%.
For a diagnostic prediction rule to have benefit, it
should have a few key qualities: (1) usability; (2) accuracy exceeding physician judgment alone; and (3) implications for patient treatment or the outcomes or costs
of care.6 Undoubtedly, the tool described by Dean et al5
would fulfill the first criteria in health care settings that
use similar electronic medical records—it runs in real time
on every patient and alerts physicians when the probability of pneumonia exceeds a given threshold. This limits the need for a human to input information. However, it is less clear whether the tool fulfills the other 2
criteria. It is likely that pneumonia is already relatively
high on the differential diagnosis of any patient presenting with signs and symptoms that lead the clinician to
order a chest radiograph. Furthermore, as the authors
state, the real question is whether this tool helps physicians make better decisions about whether to treat patients and whether treatment can improve the clinical outcomes that matter for pneumonia, such as mortality,
medical complications, or recovery from symptoms and
impaired functional status. Ultimately, physicians will
need to be convinced that the tool works better than their
own judgment and benefits patients.
Notably, the authors chose to increase the specificity
of the tool over its sensitivity, to avoid a high false-
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