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Abstract

Objectives—Six recently published algorithms classify pneumonia patients presenting from the
community into high- and low-risk groups for resistant bacteria. Our objective was to compare
performance of these algorithms for identifying patients infected with bacteria resistant to
traditional community-acquired pneumonia antibiotics.

Methods—This was a retrospective study of consecutive adult patients diagnosed with
pneumonia in an emergency department and subsequently hospitalized. Each patient was
classified as high- or low-risk for resistant bacteria according to the following algorithms: original
health care-associated pneumonia (HCAP) criteria, Summit criteria, Brito and Niederman strategy,
Shorr model, Aliberti model, and Shindo model. The reference for comparison was detection of
resistant bacteria, defined as methicillin-resistant Saphylococcus aureus or gram-negative bacteria
resistant to ceftriaxone or levofloxacin.

Results—Six hundred fourteen patients were studied, including 36 (5.9%) with resistant bacteria.
The HCAP criteria classified 304 (49.5%) patients as high-risk, with an area under the receiver
operating characteristic curve (AUC) of 0.63 (95% CI = 0.54 to 0.72), sensitivity of 0.69 (95% ClI
=0.52 to 0.83), and specificity of 0.52 (95% CI = 0.48 to 0.56). None of the other algorithms
improved both sensitivity and specificity, or significantly improved the AUC. Compared to the
HCAP criteria, the Shorr and Aliberti models classified more patients as high-risk, resulting in
higher sensitivity and lower specificity. The Shindo model classified fewer patients as high-risk,
with lower sensitivity and higher specificity.

Conclusions—All algorithms for identification of resistant bacteria included in this study had
suboptimal performance to guide antibiotic selection. New strategies for selecting empirical
antibiotics for community-onset pneumonia are necessary.
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INTRODUCTION

In the United States, pneumonia is the leading infectious cause of death, and one of the most
common reasons for emergency department (ED) visits and hospital admissions.13 The
etiology of pneumonia is usually unknown when antibiotics are initiated in the ED.4
Therefore, clinical practice typically involves empirical antibiotic selection targeting the
most likely pathogens based on epidemiologic patterns.*° Historically, two categories of
pneumonia were recognized: community-acquired pneumonia (CAP) and hospital-acquired
pneumonia (HAP).6.7 In this paradigm, patients who developed pneumonia outside the
hospital were treated with antibiotics targeting common bacteria circulating in the
community and susceptible to multiple antibiotic classes, such as Streptococcus pneumoniae
and Mycoplasma pneumoniae.? Meanwhile, patients who contracted pneumonia while
hospitalized were treated with broad-spectrum, multi-drug regimens to cover drug-resistant
bacteria frequently circulating within hospitals, such as methicillin-resistant Staphyl ococcus
aureus (MRSA) and Pseudomonas aeruginosa.’

During the past 20 years, pneumonia acquired outside the hospital but resistant to traditional
CAP antibiotics has become an increasing concern.8-12 To assist with identification of
community-onset pneumonia patients with increased risk for infection due to resistant
pathogens, the 2005 pneumonia management guidelines from the Infectious Diseases
Society of America (IDSA) and American Thoracic Society (ATS) adopted the concept of
health care-associated pneumonia (HCAP).> HCAP was defined as development of
pneumonia outside the hospital but in patients who have at least one of six HCAP criteria,
indicating recent exposure to health care facilities, or close contact to people carrying
resistant pathogens.®> Recommendations for empirical antibiotic selection for HCAP
mirrored those for HAP. Because the IDSA/ATS guidelines are the most prominent
recommendations for pneumonia antibiotic selection in the United States, and the basis of
antibiotic usage in many EDs, adoption of the HCAP criteria resulted in a major shift in
antibiotic recommendations, with more patients receiving broad-spectrum antibiotics active
against multi-drug resistant pathogens.*>

At the time of HCAP criteria adoption, the need for further refinement to improve the
accuracy of this paradigm was recognized.13-16 In particular, the HCAP criteria have been
criticized for low specificity and positive predictive value for resistant bacteria, leading
many patients to receive unnecessarily broad antibiotics.1>-21 Five alternative algorithms
have subsequently been developed with the goal of improving upon the HCAP algorithm for
identifying patients with community-onset pneumonia infected with bacteria resistant to
traditional CAP antibiotics: 1) Summit criteria,1° 2) Brito and Niederman strategy,16:17 3)
Shorr model,18:19 4) Aliberti model,20 and 5) Shindo model.2> However, the accuracies of
these algorithms for identifying patients with resistant bacteria have not been compared in
an independent population. Therefore, the goal of this study was to externally evaluate and
compare the accuracy of six published algorithms for identifying patients infected with
resistant bacteria in an independent cohort of adults with community-onset pneumonia.
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METHODS

Study Design

This was an observational, retrospective study. The local institutional review board
approved the study with waiver of informed consent.

Study Setting and Population

Consecutive adult patients (18 years and older) diagnosed with pneumonia in the ED and
hospitalized at a single institution between January 1, 2010 and December 31, 2010 were
considered. The study hospital is a tertiary-care, academic medical center in the United
States with approximately 70,000 annual adult ED patient visits.

The study population included patients who presented to the ED, were diagnosed with
pneumonia and hospitalized by the treating physicians, and were confirmed to have clinical
and radiographic findings compatible with pneumonia on medical records review. Initially,
we generated a list of all adult ED visits during the study period with an ED diagnosis of
pneumonia by International Classification of Diseases 91" Revision, Clinical Modification
(ICD-9-CM) codes 480.xx-486.xx, 487.0. A trained research coordinator reviewed the
medical record corresponding to each of these ED visits. Patients were included in the study
population if they met each of the following four criteria at the time of ED evaluation: 1)
new radiographic evidence of pneumonia, defined as a chest x-ray or computed tomography
(CT) scan interpreted by an attending radiologist as showing pulmonary consolidation,
opacity, or infiltrate; 2) one or more of the following respiratory signs or symptoms: new
cough, increased sputum production, dyspnea, pleuritic chest pain, respiratory rate > 25
breaths/minute, or respiratory failure requiring mechanical ventilation; 3) one or more of the
following infectious signs or symptoms: temperature = 100.4° F or < 95.9° F, white blood
cell count > 15,000 cells/mm3 or < 5,000 cells/mm3, chills, or altered mental status
compared to baseline; and 4) hospitalized at the conclusion of the ED visit.

Study Protocol

Chart Reviews—~For each patient who met inclusion criteria, a research coordinator
performed a detailed medical record review of the ED visit and subsequent hospitalization
using a standardized data abstraction instrument and review procedure.?2 Data to calculate
scores for each of the algorithms were collected, as well as demographic, laboratory, and
pharmacy data. Two trained and experienced research coordinators performed these reviews;
one coordinator completed a review for each patient. The coordinators were blinded to the
purpose of the study. All variables were defined prior to the chart review portion of the
study. Both coordinators had more than three years of experience conducting clinical
pneumonia research, and met with the lead investigator on a biweekly basis throughout the
study to resolve data collection questions. During chart reviews, absence of information for
a particular variable was assumed to indicate an event did not occur. For example, the
variable antibiotics in the prior 90 days was coded as “no” if there were no mention of
antibiotics in the medical record, no prescription for an antibiotic, and no order for an
antibiotic in the prior 90 days. To assess the quality of the data collection process, the lead
investigator reviewed a 10% random sample of records and agreement between the
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investigator and coordinator was calculated for key variables. This random sample was
selected using a random number generator function in Stata/IC 12.1.

Algorithms to ldentify Patients with Resistant Bacteria—We evaluated six
algorithms designed to identify patients with community-onset pneumonia who should be
treated with broad-spectrum antibiotics targeting resistant bacteria. For each algorithm,
patients were classified into two categories based on recommendations for antibiotic
selection from the original description of each algorithm: traditional CAP antibiotics
(algorithm indicated a low risk for resistant bacteria) or broad-spectrum antibiotics targeting
resistant bacteria (algorithm indicated a high risk for resistant bacteria) (Table 1). Scoring
criteria, definitions, and additional details for each algorithm are available in Data
Supplement 1.

In addition to a simple dichotomous algorithm (low-risk vs. high-risk for resistant bacteria),
Shindo et al. also described a two-step algorithm that considered the risk for resistant gram
negative bacteria and MRSA separately.2! In this two-step Shindo model, patients with three
or more Shindo criteria were classified as high-risk for all resistant bacteria (MRSA and
resistant gram negative bacteria); additionally, patients with two criteria were classified as
high-risk for MRSA if they met one or more of the following MRSA-specific risk factors:
prior MRSA infection, chronic hemodialysis, or history of congestive heart failure (Data
Supplement 1).21.23

Pathogen Detection—All laboratory testing completed for clinical care within 72 hours
of ED presentation was reviewed for each patient. Pathogen detection was limited to tests
completed during the first 72 hours after ED presentation, to minimize the risk of identifying
organisms not present at the time of initial presentation but acquired in the hospital after
admission. Pneumonia etiology was assigned based on the following: blood cultures; high
quality sputum cultures, defined as a Bartlett Q score = 2+;24 bronchoalveolar lavage
cultures with moderate (3+) or heavy (4+) growth of bacteria considered positive; tracheal
aspirate cultures with moderate (3+) or heavy (4+) growth of bacteria considered positive;
pleural fluid cultures; Legionella and pneumococcal urinary antigen tests; and polymerase
chain reaction (PCR) of nasopharyngeal swabs for atypical bacteria and viruses.

Detection of resistant bacteria was used as the reference for comparison of the algorithms.
Patients were classified as infected with resistant bacteria if any of the following were
detected: MRSA, Pseudomonas aeruginosa, Acinetobacter baumannii, or other gram
negative bacteria resistant to ceftriaxone or levofloxacin.>1%:20 Antibiotic susceptibility
testing was performed with the Becton Dickenson (Franklin Lakes, NJ) Phoenix Automatic
Microbiology System.25 Patients with other pathogens and those with no pathogens detected
were classified as having non-resistant pneumonia.

Antibiotics—Antibiotics initiated in the ED were classified into regimens directed at
resistant bacteria and those directed at non-resistant bacteria. An antibiotic regimen was
considered to be directed at resistant bacteria if it included any of the following: anti-
pseudomonal B-lactam, carbapenem, aztreonam, vancomycin, linezolid, or an
aminoglycoside.*® Antibiotic regimens classified as directed against non-resistant bacteria
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included: macrolides, respiratory fluoroquinolones, doxycycline, and pB-lactams without
pseudomonal coverage.*®

Data Analysis

For description of the study population, patients were classified either as fulfilling no HCAP
criteria, or fulfilling one or more HCAP criteria. Descriptive statistics were used to report
patient characteristics, pathogens detected, and antibiotics prescribed in the ED. The
Wilcoxon rank sum test and chi-square test were used to evaluate for statistical differences
in continuous and categorical data, respectively. Severity of illness was measured with the
Pneumonia Severity Index (PSI),26 and modified ATS criteria for severe community
acquired pneumonia.*

Inter-rater agreement between study coordinators and the lead investigator was calculated
with Cohen’s kappa,2’ and included the following variables: patient hospitalized for > 48
hours in the prior 90 days, antibiotics within the prior 90 days, nursing home residence, and
blood culture results.

Detection of resistant bacteria was used as the primary outcome to compare algorithms.
Each algorithm was used to dichotomize patients into low- and high-risk categories for
resistant bacteria based on the ordinal algorithm descriptions. Traditional 2x2 contingency
tables were used to calculate sensitivity, specificity, positive and negative likelihood ratios
(LR), and accuracy for each algorithm. Consistent with previous descriptions,2829 a positive
LR > 10 and/or negative LR < 0.1 were considered indicators of high potential for clinical
utility. Accuracy was calculated with the following equation: ([number of true positives] +
[number of true negatives]) / (all patients). Ninety-five percent confidence intervals (CI)
were calculated with the exact method for a binomial proportion.

Each algorithm was directly compared to the HCAP criteria, the recommended strategy for
antibiotic selection in ATS/ISDA guidelines. For these comparisons, we assumed patients
classified as high-risk for resistant bacteria by an algorithm would be treated with broad-
spectrum antibiotic regimens, such as piperacillin-tazobactam plus vancomycin plus
azithromycin; and patients classified as low-risk for resistant bacteria would be treated with
narrower-spectrum antibiotics, such as levofloxacin. For the algorithms that classified more
patients as high-risk than the HCAP criteria, we calculated the number of additional patients
that would be treated with broad-spectrum antibiotics needed to capture one additional
patient with resistant bacteria appropriately treated (broad-spectrum antibiotics: number
needed to treat, NNT).28 For example, if an algorithm resulted in ten additional patients
receiving piperacillin-tazobactam plus vancomycin plus azithromycin compared to the
HCAP criteria, and two of those patients were infected with resistant bacteria, the broad-
spectrum antibiotics NNT would be five. The broad-spectrum antibiotics NNT for a
particular algorithm represented the number of additional patients treated with piperacillin-
tazobactam plus vancomycin plus azithromycin for each additional patient infected with
resistant bacteria appropriately with this broad-spectrum regimen, and who would have been
undertreated with levofloxacin if the HCAP criteria had been used to select antibiotics
instead of this algorithm.
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For algorithms that classified fewer patients as high-risk than the HCAP criteria, we
calculated the number of additional patients treated with narrow-spectrum antibiotics per
patient infected with resistant bacteria inappropriately treated with these narrow-spectrum
antibiotics that did not cover the infecting pathogen (narrow-spectrum antibiotics: number
needed to undertreat, NNU). For example, if, compared to the HCAP criteria, an algorithm
resulted in 50 additional patients receiving levofloxacin instead of piperacillin-tazobactam
plus vancomycin plus azithromycin, and five of those patients had resistant bacteria, the
narrow-spectrum antibiotics NNU would be ten. In other words, for every ten additional
patients treated with levofloxacin successfully, one additional patient would likely have a
treatment failure due to bacteria resistant to levofloxacin.

In a separate analysis, scores for each algorithm were used as continuous variables, and
receiver-operating characteristic (ROC) curves were developed for the identification of
patients with resistant bacteria. Area under the curve (AUC) with 95% Cls was calculated
for each curve and compared across algorithms.

Two-sided p values < 0.05 were considered statistically significant. Data were collected with
the Research Electronic Data Capture (REDCap).30 Analyses were conducted with Stata/IC
12.1.

Sample Size Calculations—Sample size calculations were based on sensitivity of the
Aliberti model using a cutpoint of three or more points to define the high-risk category for
resistant bacteria. A priori assumptions for sample size calculations included: sensitivity of
the Aliberti model of 0.75, 75% of ED visits with an ICD-9 code for pneumonia meeting our
final study eligibility criteria, and 7.5% prevalence of resistant bacteria in the final study
cohort. Our aim was to detect a 0.75 sensitivity for the Aliberti model with a 0.95
probability for the lower bound of the 95% CI being greater than 0.50. Using methods
described by Flahault et al.,31 we calculated we would need to start the chart review
component of the study with a minimum of 747 ED visits for pneumonia. Due to the
seasonality of pneumonia, we also determined a priori to include at least one full calendar
year of ED visits for pneumonia.

RESULTS

An ICD-9-CM code for pneumonia was given to 1,118 ED visits in 2010 at the study
hospital. After detailed medical records review, 614 (54.9%) of these patients were
confirmed to meet all eligibility criteria and included in the study population (Figure 1). This
included 310 (50.5%) patients without any HCAP criteria, and 304 (49.5%) patients who
fulfilled at least one HCAP criterion at the time of ED evaluation (Table 2). Pneumonia
severity index scores were higher in patients with > 1 HCAP criterion than in those without
any HCAP criteria (median score 97 vs. 80, p < 0.01). A higher percentage of patients with
> 1 HCARP criterion also met the modified ATS criteria for severe CAP (20.4% vs. 12.9%, p
= 0.01) and were admitted to an intensive care unit (32.2% vs. 21.9%, p < 0.01).

Acad Emerg Med. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Self et al.

Page 7

Reviewer Inter-rater Agreement

Inter-rater agreement was calculated between the study coordinators and the investigator
who performed a blinded over-read of 61 (10%) charts. Kappas with standard error (SE)
between the coordinator review and investigator review for hospitalization in the prior 90
days, antibiotics in the prior 90 days, nursing home residence, and blood culture result were
0.90 (SE +0.13), 0.90 (SE +0.13), 1.0 (SE £0.13), and 1.0 (SE %0.10), respectively.

Pathogen Detection

Antibiotics

At least one bacterial culture was completed in 552 (89.9%) study patients. Only three
patients treated with antibiotics active against resistant bacteria did not have at least one
bacterial culture completed. Ninety eight (16.0%) patients had pathogens detected, including
74 (12.1%) patients with bacterial pathogens (Table 3). Most of the detected bacteria were
identified by blood culture (n = 37), or high-quality sputum culture (n = 30). Staphylococcus
aureus, Streptococcus pneumoniae, and Pseudomonas aeruginosa were the most common
bacteria identified. Resistant bacteria were detected in 36 (5.9%) patients, including 25
(8.2%) patients with = 1 HCAP criterion, and 11 (3.5%) patients without any HCAP criteria
(p <0.01) (Table 3).

A majority of patients (62.4%) were treated in the ED with broad-spectrum antibiotics
directed at resistant bacteria, with a higher percentage of patients fulfilling > 1 HCAP
criterion treated with antibiotics directed at resistant bacteria than patients without any
HCAP criteria (83.9% vs 41.3%, p < 0.01). Specific antibiotic regimens are shown in Table
4,

Algorithm Comparisons

Accuracy for Detection of Resistant Bacteria—Results of dichotomizing algorithm
scores into high-risk and low-risk categories are summarized in Table 5. The HCAP criteria
had a sensitivity and specificity of 0.69 (95% CI = 0.52 to 0.83), and 0.52 (95% CI = 0.48 to
0.56), respectively. Compared to the HCAP criteria, the Summit criteria, Brito and
Niederman strategy, and Shindo model classified fewer patients as high-risk, leading to
lower sensitivity and higher specificity. The Shorr and Aliberti models classified more
patients as high-risk than the HCAP criteria, resulting in higher sensitivity but lower
specificity. None of the new algorithms improved both sensitivity and specificity compared
to the original HCAP criteria. Furthermore, none of the algorithms had a positive LR > 10 or
a negative LR <0.1.

Numbers Need to Treat or Undertreat—Compared to the HCAP criteria, the Summit
criteria, Brito and Niederman strategy, and Shindo model resulted in fewer patients
classified as high-risk overall, and fewer patients without resistant bacteria classified as
high-risk (improved specificity). Compared to the HCAP criteria, using the Summit criteria
resulted in 215 fewer patients classified as high-risk at the expense of 14 additional patients
with resistant bacteria classified as low risk (narrow-spectrum antibiotics NNU = 15.4). The
Brito and Niederman strategy resulted in 37 fewer patients classified as high-risk, at the
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expense of one additional patient with resistant bacteria classified as low-risk (harrow-
spectrum antibiotics NNU = 37.0). The Shindo model classified 107 fewer patients as high-
risk compared to the HCAP criteria, with seven additional patients with resistant bacteria
incorrectly classified as low risk (narrow-spectrum antibiotics NNU = 15.3).

Compared to the HCAP criteria, the Shorr and Aliberti models classified more patients as
high-risk overall, and correctly classified more patients with resistant bacteria as high-risk
(improved sensitivity). Compared to the HCAP criteria, the Shorr model resulted in 55
additional patients classified as high-risk, with the benefit of correctly identifying two
additional patients with resistant bacteria (broad-spectrum antibiotics NNT = 27.5).
Similarly, the Aliberti model classified 27 additional patients as high-risk, with one
additional patient correctly identified (broad-spectrum antibiotics NNT = 27.0).

ROC Curves—When scores for each of the algorithms were used in a continuous fashion,
increasing score for each algorithm positively correlated with increasing prevalence of
resistant bacteria (Figure 2). ROC AUC was similar for each of the six algorithms, ranging
from 0.63 t0 0.67 (p = 0.62) (Data Supplement 2).

Two-step Shindo Algorithm with MRSA-specific Risk Factors—Of the 157
patients with two Shindo criteria, 11 (7.0%) had resistant bacteria detected, including five
with MRSA and six with resistant gram negative bacteria; 52 (33.1%) of these 157 patients
had at least one MRSA-specific risk factor. Using the two-step Shindo algorithm, 21
(58.3%) of the 36 patients with resistant bacteria overall would have been correctly
identified as high-risk (Data Supplement 3). Compared to the simple Shindo model (= 3
Shindo criteria signifying high risk for all resistant bacteria), using the two-step Shindo
algorithm would have resulted in 52 additional patients receiving antibiotic therapy targeting
MRSA,; three of these 52 patients had MRSA infections.

DISCUSSION

Identifying which pneumonia patients presenting from the community have high enough risk
for resistant bacteria to empirically initiate broad-spectrum antibiotics typically reserved for
nosocomial infections is an important challenge. The prevalence of resistant bacteria among
patients with community-onset pneumonia appears to range between approximately 3% and
30%, depending on geographic region and characteristics of the population.20:21.28.32 \When
resistant bacteria are responsible for infection, failure to initiate antibiotics that adequately
treat the causative pathogen is a major risk factor for poor clinical outcomes.33-36 Therefore,
rapid treatment with broad-spectrum antibiotics is essential for the management of
pneumonia patients with a high risk of resistant bacteria.> However, overuse of broad-
spectrum antibiotics in patients without resistant bacteria may have significant negative
consequences, including drug toxicity, antibiotic-associated infections, promoting antibiotic
resistance, increased health care costs, and possibly increased mortality.37-43

In this observational study of 614 patients with community-onset pneumonia, 36 (5.9%)
were found to have bacteria resistant to traditional CAP antibiotics. Despite this relatively
low prevalence, clinicians frequently used empirical broad-spectrum antibiotics, with 62.4%
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of patients receiving antibiotics targeting resistant bacteria. This highlights a significant
opportunity to reduce unnecessary antibiotic use by developing tools clinicians trust for
identifying patients with resistant bacteria.

Current ATS/IDSA pneumonia guidelines recommended the HCAP criteria as a tool to
assist clinicians with antibiotic selection.® Application of the HCAP criteria in our study
resulted in 25 of the 36 patients with resistant bacteria correctly identified as high-risk
(sensitivity = 0.69). However, only 25 of the 304 patients classified as high-risk by HCAP
criteria had resistant bacteria detected, resulting in a low positive likelihood ratio (1.44) and
positive predictive value (0.082). The AUC for the HCAP criteria was low at 0.63, which is
similar to the findings of Chalmers et al.28 in a recent meta-analysis of the HCAP literature.

Recently, the five alternative algorithms evaluated in this study were developed with the
goal of improving accuracy beyond that of the original HCAP Criteria.1>21 In our study
cohort, none of these newer algorithms significantly increased the AUC or improved both
sensitivity and specificity compared to the HCAP criteria. Positive and negative likelihood
ratios for each of the algorithms fell well short of the thresholds of 10 and 0.1, respectively,
commonly used to identify potentially useful clinical tests.28:2% The Summit criterial® and
Brito and Niederman strategy,16 both based on expert opinion and designed to improve
specificity above the HCAP criteria, did indeed classify fewer patients as high-risk for
resistant bacteria, with improved specificity. However, these strategies were associated with
declines in sensitivity. Among the three algorithms developed as clinical prediction models,
the Shorr model!8.19 and Aliberti model2? would have led to more patients receiving broad-
spectrum antibiotics, while the Shindo model?! would have resulted in fewer patients with
broad-spectrum antibiotics. The performance of each of these models was weaker in this
external cohort compared with the study populations used to derive them.18:20.21

Our results highlight that all of the available algorithms, which rely on similar
epidemiological risk factors, have suboptimal accuracy for guiding appropriate antibiotic
selection. A new approach is needed. As technology for infectious disease diagnostics
continues to mature, a more promising approach in the future may be rapid diagnostic
testing for specific pathogens, with a shift away from epidemiological risk factors and
toward direct pathogen testing to guide antibiotic selection,44°

Our study had both strengths and limitations. Strengths include systematic and standardized
data collection methods using a priori definitions for all variables. Additionally, a single
study population was used to compare several clinical prediction models that were derived
based on different patient populations. For example, the Shorr model8:19 was derived from
a population composed of pneumonia patients who had identified bacterial pathogens, while
the Aliberti2? and Shindo2! models were derived from more general populations of
pneumonia patients that included patients without identified bacterial etiologies.
Furthermore, the Shorr model was derived in the United States, while the Aliberti model
was developed in Italy, and the Shindo model was developed in Japan. The current study
evaluated these models in the same U.S. population of hospitalized pneumonia patients,
facilitating direct comparison of the models in a population relevant for clinicians practicing
in U.S. EDs.
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LIMITATIONS

Limitations of our study include its retrospective design and reliance on standard diagnostic
testing to identify pathogens. The initial step of generating our study population involved
identifying ED visits with ICD-9-CM codes for pneumonia; a patient with pneumonia but
who did not receive an ICD-9-CM code for pneumonia due to a coding error or coding of an
alternative diagnosis, such as sepsis or respiratory failure, would not have been included.
Some patients infected with resistant bacteria may have been misclassified due to the
insensitivity of culturing for pneumonia pathogens and a full set of cultures not being
performed on all patients. However, only three (0.5%) patients were treated with antibiotics
active against resistant bacteria without bacterial cultures complete. This helps lessen
concerns that substantially more resistant bacteria would have been identified if prospective,
systematic bacterial culturing were performed.

Studies that rely on retrospective chart review for data collection are limited by the
information available in the medical record. In this study, we extensively examined the
medical record for data to calculate scores for each of the algorithms evaluated. We believe
these data reflect the information clinicians had available at the time of patient management
in the ED, and thus, estimate how each algorithm would have been employed in the clinical
setting; however, these chart review data are subject to potential misclassification.
Additionally, this was a single-center study at a tertiary care hospital, which may have a
higher prevalence of patients with complex comorbidities and pneumonia caused by
resistant bacteria than a typical community hospital. Further study with larger sample sizes
and in diverse settings is indicated.

CONCLUSIONS

In this external evaluation of six algorithms developed to predict resistant bacterial infection
among patients with community-onset pneumonia, accuracy was suboptimal for all the
algorithms, and alternative approaches for selecting antibiotics are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Prevalence of resistant bacteria in 614 patients with community-onset pneumonia stratified

by the six algorithms designed to identify patients with resistant bacteria: (A) HCAP
Criteria, (B) Summit Criteria, (C) Brito and Niederman Strategy (D) Shorr Model, (E)

Aliberti Model, (F) Shindo Model.
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Table 1
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Description of the six algorithms designed to identify patients with community-onset pneumonia at risk for

resistant bacteria.

Algorithm Method of Development  Criteria / Prediction Variables Scoring Patients
Classified as
High-Risk
HCAP criteria® Expert opinion 1 Hospitalized in prior 90 days Count number 21 criterion
. i of criteria
2 Nursing home resident present
3 Home infusion therapy
4 Chronic dialysis
5 Home wound care
6 Family member with resistant bacteria
Summit criterial® Expert opinion 1 Severe pneumonia Count number > 2 criteria
. L of criteria
2 Prior antibiotics present
3 Poor functional status
Brito and Expert opinion 1 ICU admission Count number 2 2 criteria
Niederman . of criteria plus
strategy16-17 2 Immunosuppression present fulfillment of
L HCAP
3 Hospitalized in prior 90 days definition
4 Antibiotics in prior 6 months
5 Poor functional status
Shorr model8:19 Clinical prediction model 1 Hospitalized in prior 90 days Calculate score Score =21
. i with differential
2 Nursing home resident weighting for
3 Chronic dialysis variables
4 ICU admission
Aliberti model?® Clinical prediction model 1 Comorbid conditions (cerebrovascular Calculate score Score 2 3
disease, diabetes, COPD) with differential
S weighting for
2 Antibiotics in prior 90 days variables
3 Immunosuppression
4 Home wound care
5 Home infusion therapy
6 Nursing home resident
7 Hospitalized in prior 90 days
8 Chronic renal failure
Shindo model?! Clinical prediction model 1 Hospitalized in prior 90 days Count number > 3 criteria
. of criteria
2 Immunosuppression present
3 Antibiotics in prior 90 days
4 Gastric acid suppressive medication
5 Tube feeding
6 Non-ambulatory status

COPD = chronic obstructive pulmonary disease; HCAP = health care-associated pneumonia
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Patient characteristics.

Characteristic

No HCAP Criteria (n = 310)

21 HCAP Criterion (n =304)  All Patients (N = 614)

Age in years 58 (45-70)
Female 138 (44.5)
Race
White 209 (67.4)
Black 92 (29.7)
Other 9(2.9)
Comorbidities
Chronic lung disease 94 (30.3)
Chronic heart failure 46 (14.8)
Chronic renal disease 37(11.9)
Chronic liver disease 17 (5.5)
Diabetes mellitus 71(22.9)
Cancer 68 (21.9)
Cerebrovascular disease 26 (8.4)
Radiographic findings
Multilobar pneumonia 95 (30.7)
Pleural effusion 53 (17.1)
Pneumonia severity
PSI score 80 (51-107)
PSl risk class IV -V 130 (41.9)
Altered mental status 44 (14.2)
Severe CAP by ATS criteria 40 (12.9)
Short-term outcomes
Hospital LOS in hours 74 (47-133)
ICU admission 68 (21.9)
Mechanical ventilation 24 (7.7)
Vasopressor support 6(1.9)
In-hospital death 15 (4.8)

62 (48-75)
156 (51.3)

243 (79.9)
55 (18.1)
6 (2.0)

88 (29.0)
47 (15.5)
55 (18.1)
37 (12.2)
95 (31.3)
97 (31.9)
46 (15.1)

84 (27.6)
104 (34.2)

97 (75-123)

175 (57.6)
77 (25.3)
62 (20.4)

108 (65-186)

98 (32.2)
23(7.6)
13 (4.3)
19 (6.3)

60 (46-72)
294 (47.9)

452 (73.6)
147 (23.9)
15 (2.4)

182 (29.6)
93 (15.2)
92 (15.0)
54 (8.8)

166 (27.0)

165 (26.9)
72 (11.7)

179 (29.2)
157 (25.6)

90 (62-114)
305 (49.7)
121 (19.7)
102 (16.6)

89 (51-153)
166 (27.0)
47 (1.7)
19 (3.1)
34.(5.5)

Data are reported as n (%) or

ATS = American Thoracic Society; CAP = community-acquired pneumonia; HCAP = health care-associated pneumonia; ICU = intensive care unit;

median (IQR)

IQR = interquartile range; LOS = length of stay; PSI = pneumonia severity index
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Table 3
Pathogens detected.

Pathogens No HCAP criteria (n =310) =1 HCAP criteria (n=304) All patients (N = 614)

Any pathogen detected 50 (16.1) 48 (15.8) 98 (16.0)

Any bacteria 35 (11.3) 39 (12.8) 74 (12.1)

Resistant bacteria 11 (3.5) 25(8.2) 36 (5.9)
Methicillin-resistant S aureus (MRSA) 3(1.0) 12 (4.0) 15(2.4)
Pseudomonas aeruginosa 3(1.0) 6 (2.0) 9 (1.5)
Acinetobacter bumannii 0 1(0.3) 1(0.2)
Serratia marcescens (resistant) 0 1(0.3) 1(0.2)
Escherichia coli (resistant) 1(.03) 0 1(0.2)
P. aeruginosa & MRSA 3(1.0) 2(0.7) 5(0.8)
P. aeruginosa & Senotrophomonas maltphilia 0 2(0.7) 2(0.3)
Stenotrophomonas maltphilia (resistant) 0 1(0.3) 1(0.2)
E. coli (resistant) & Sreptococcus pneumoniae 1(0.3) 0 1(0.2)

Non-resistant bacteria 24 (7.7) 14 (4.6) 38(6.2)
Streptococcus pneumonia 12 (3.9) 5(1.6) 17 (2.8)
Haemophilus influenza 2(0.7) 1(0.3) 3(0.5)
Methicillin-susceptible S. aureus (MSSA) 3(1.0) 4(1.3) 7(1.1)
Group A Streptococcus 1(0.3) 0 1(0.2)
Group B Streptococcus 1(0.3) 0 1(0.2)
Group C Streptococcus 2(0.7) 0 2(0.3)
Streptococcus intermedius 1(90.3) 0 1(0.16)
a-hemolytic Streptococcus 1(0.3) 0 1(0.16)
Legionella sp. 0 1(0.3) 1(0.2)
E. coli (sensitive) 1(0.3) 1(0.3) 2(0.3)
Klebsiella pneumoniae (sensitive) 0 1(0.3) 1(0.2)
H. influenzae & a-hemolytic Streptococcus 0 1(0.3) 1(0.2)

Viruses without bacteria 12 (3.9) 8 (2.6) 20 (3.3)

Aspergillus fumigatus 1(0.3) 1(0.3) 2(0.3)

Mycobacterium Avium Complex 2(0.7) 0 2(0.33)

Data reported as n (%)
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Table 4

Empirical antibiotics administered in the emergency department.

Page 19

Antibiotic Regimen, n (%) No HCAP criteria(n =1 HCAP criteria (n All patients (N =
= = 614)
Antibiotics directed at resistant bacteria 128 (41.3) 255 (83.9) 383 (62.4)
Regimen A: 57 (18.4) 146 (48.0) 203 (33.1)
1 antipseudomonal B-lactam, carbapenem, or aztreonam
2 vancomyecin or linezolid
3 +/- fluoroquinolone, azithromycin, or doxycycline
Regimen B: 21(6.8) 28(9.2) 49 (8.0)
1 antipseudomonal f-lactam, carbapenem, or aztreonam
2 fluoroquinolone, azithromycin, or doxycycline
Regimen C: 13 (4.2) 31(10.2) 44 (7.2)
1 fluoroquinolone, azithromycin, or doxycycline
2 vancomycin or linezolid
Regimen D: 37 (11.9) 50 (16.4) 87 (14.2)
Other regimen directed at resistant bacteria
Antibiotics directed at non-resistant bacteria 180 (58.1) 48 (15.8) 228 (37.1)
Regimen E: 111 (35.8) 33(10.9) 144 (23.5)
Fluoroquinolone, azithromycin, or doxycycline monotherapy
Regimen F: 68 (21.9) 15 (4.9) 83 (13.5)
1 fB-lactam without pseudomonal coverage
2 fluoroquinolone, azithromycin, or doxycycline
Regimen G: 1(0.3) 0(0) 1(0.2)
f-lactam without pseudomonal coverage monotherapy
No antibiotics in the ED 2(0.6) 1(0.3) 3(0.5)

HCAP = health care-associated pneumonia
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