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ABSTRACT 54 

This clinical policy from the American College of Emergency Physicians is a revision of the 2009 55 

Clinical Policy: Critical Issues in the Management of Adult Patients Presenting to the Emergency Department 56 

With Community-Acquired Pneumonia.1 A writing subcommittee conducted a systematic review of the literature 57 

to derive evidence-based recommendations to answer the following clinical questions: 1) In the adult emergency 58 

department patient diagnosed with community-acquired pneumonia, what clinical decision tools can be used to 59 

determine disposition? 2) In the adult emergency department patient with community-acquired pneumonia, what 60 

biomarkers can be used to direct initial antimicrobial therapy? 3) In the adult emergency department patient 61 

diagnosed with community-acquired pneumonia, does a single dose of parenteral antibiotics in the emergency 62 

department followed by oral treatment versus oral treatment alone improve outcomes? Evidence was graded and 63 

recommendations were made based on the strength of the available data. 64 

 65 

INTRODUCTION  66 

Community-acquired pneumonia remains a major health problem in the United States. As the eighth 67 

leading cause of death, it claims the lives of over 100,000 Americans per year.2 Pneumonia is the most common 68 

reason for admission to the hospital with 1.5 million hospital admissions per year, costing between $11,000 and 69 

$51,000 per admission.3 Due to this profound significance, national quality measures have been developed and 70 

refined over the years in an attempt to improve quality of pneumonia care.4 71 

Pneumonia is defined as an acute pulmonary parenchymal infection (new lung infiltrate with suspected 72 

infectious origin) and while the infectious agent may be nonbacterial, once diagnosed with pneumonia, the patient 73 

is usually treated empirically with antibiotics. Pneumonia can be divided into subcategories (community-acquired, 74 

hospital-acquired, and ventilator-associated), with each subcategory carrying different risk factors, morbidity and 75 

mortality, and likely pathogens necessitating varying antimicrobial regimens. In the past, literature has referred to 76 

the healthcare associated pneumonia (HCAP) versus community-acquired pneumonia (CAP). The nomenclature 77 

has since been refined, with the HCAP term being retired in favor of two subgroups−hospital-acquired pneumonia 78 

(HAP), defined as pneumonia not incubating at the time of admission and occurring 48 hours or more after 79 

admission, and ventilator-associated pneumonia (VAP), defined as pneumonia occurring greater than 48 hours 80 
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after endotracheal intubation.5 Both of these updated categorizations define pneumonia as being acquired from the 81 

hospital admission or being intubated. This clinical policy focuses solely on CAP.  82 

Clinicians must balance the need to accurately diagnose and treat pneumonia while ensuring that these 83 

efforts do not lead to the overuse of antimicrobial therapy. Furthermore, since the majority of admitted patients 84 

come through the emergency department (ED), determining patient disposition becomes a major question for 85 

emergency physicians. Clinical decision tools and biomarkers may play a role in this effort. Finally, some 86 

physicians administer a single-dose of intravenous antibiotics before discharge on oral therapy. Whether this 87 

practice improves patient outcomes or merely adds to the financial cost, ED length of stay, and patient discomfort 88 

remains to be determined.  89 

 The 2009 ACEP Clinical Policy: Critical Issues in the Management of Adult Patients Presenting to the 90 

Emergency Department With Community-Acquired Pneumonia addressed questions of whether routine blood 91 

cultures were indicated in patients admitted with CAP and whether there was a morbidity and mortality benefit to 92 

administering antibiotics in a specific time course. In this updated clinical policy, we address what clinical 93 

decision tools can help the emergency physician in the disposition of patients diagnosed with pneumonia, both 94 

alone and in conjunction with the use of serum biomarkers. Then we evaluate the use of laboratory testing to 95 

direct initial antimicrobial therapy in the ED. Finally, we look at the use of single-dose parenteral antimicrobials 96 

before discharging on oral therapy, to see if there is an outcomes benefit such as decreased length of illness 97 

compared to the potential downsides of cost, patient discomfort, and ED length of stay.  98 

 99 

METHODOLOGY 100 

This clinical policy is based on a systematic review with critical analysis of the medical literature meeting 101 

the inclusion criteria. Searches of MEDLINE, MEDLINE InProcess, SCOPUS, EMBASE, Web of Science, and the 102 

Cochrane Database of Systematic Reviews, were performed. All searches were limited to studies of adult humans 103 

published in English. Specific key words/phrases, years used in the searches, dates of searches, and study selection 104 

are identified under each critical question. In addition, relevant articles from the bibliographies of included studies 105 

and more recent articles identified by committee members and reviewers were included. 106 
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 This policy is a product of the ACEP clinical policy development process, including internal and external 107 

review, and is based on the existing literature; when literature was not available, consensus of Clinical Policies 108 

Committee members was used and noted as such in the recommendation (ie, Consensus recommendation). Clinical 109 

policies are scheduled for revision every 3 years; however, interim reviews are conducted when technology, 110 

methodology, or the practice environment changes significantly. ACEP was the funding source for this clinical 111 

policy. 112 

 113 

Assessment of Classes of Evidence 114 

Two methodologists independently graded and assigned a preliminary Class of Evidence for all articles 115 

used in the formulation of this clinical policy. Class of Evidence is delineated whereby an article with design 1 116 

represents the strongest study design and subsequent design classes (ie, design 2 and design 3) represent respectively 117 

weaker study designs for therapeutic, diagnostic, or prognostic studies, or meta-analyses (Appendix A). Articles are 118 

then graded on dimensions related to the study’s methodological features, such as randomization processes, 119 

blinding, allocation concealment, methods of data collection, outcome measures and their assessment, selection and 120 

misclassification biases, sample size, generalizability, data management, analyses, congruence of results and 121 

conclusions, and conflicts of interest. Using a predetermined process combining the study’s design, methodological 122 

quality, and applicability to the critical question, articles received a Class of Evidence grade. An adjudication 123 

process involving discussion with the original methodologist graders and at least one additional methodologist was 124 

then used to address any discordance in original grading, resulting in a final Class of Evidence assignment (ie, Class 125 

I, Class II, Class III, or Class X) (Appendix B). Articles identified with fatal flaws or ultimately determined to not 126 

be applicable to the critical question received a Class of Evidence grade “X” and were not used in formulating 127 

recommendations for this policy. However, content in these articles may have been used to formulate the 128 

background and to inform expert consensus in the absence of robust evidence. Grading was done with respect to 129 

the specific critical questions; thus, the Class of Evidence for any one study may vary according to the question for 130 

which it is being considered. As such, it was possible for a single article to receive a different Class of Evidence 131 

rating when addressing a different critical question. Question-specific Classes of Evidence grading may be found 132 

in the Evidentiary Table included at the end of this policy. 133 



  

5 
 

 134 

Translation of Classes of Evidence to Recommendation Levels 135 

Based on the strength of evidence grading for each critical question (ie, Evidentiary Table), the 136 

subcommittee drafted the recommendations and the supporting text synthesizing the evidence using the following 137 

guidelines: 138 

Level A recommendations. Generally accepted principles for patient care that reflect a high degree of 139 

clinical certainty (eg, based on evidence from 1 or more Class of Evidence I or multiple Class of Evidence II 140 

studies). 141 

Level B recommendations. Recommendations for patient care that may identify a particular strategy or 142 

range of strategies that reflect moderate clinical certainty (eg, based on evidence from 1 or more Class of Evidence 143 

II studies or strong consensus of Class of Evidence III studies). 144 

Level C recommendations. Recommendations for patient care that are based on evidence from Class of 145 

Evidence III studies or, in the absence of adequate published literature, based on expert consensus. In instances in 146 

which consensus recommendations are made, “consensus” is placed in parentheses at the end of the 147 

recommendation. 148 

The recommendations and evidence synthesis were then reviewed and revised by the Clinical Policies 149 

Committee, which was informed by additional evidence or context gained from reviewers. 150 

There are certain circumstances in which the recommendations stemming from a body of evidence should 151 

not be rated as highly as the individual studies on which they are based. Factors such as consistency of results, 152 

uncertainty about effect magnitude, and publication bias, among others, might lead to a downgrading of 153 

recommendations.  154 

When possible, clinically oriented statistics (eg, likelihood ratios [LRs], number needed to treat) are 155 

presented to help the reader better understand how the results may be applied to the individual patient. This can 156 

assist the clinician in applying the recommendations to most patients but allows adjustment when applying to 157 

patients at the extremes of risk. (Appendix C) 158 

This policy is not intended to be a complete manual on the evaluation and management of adult patients 159 

with community-acquired pneumonia but rather a focused examination of critical issues that have particular 160 
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relevance to the current practice of emergency medicine. Potential benefits and harms of implementing 161 

recommendations are briefly summarized within each critical question. 162 

It is the goal of the Clinical Policies Committee to provide an evidence-based recommendation when the 163 

medical literature provides enough quality information to answer a critical question. When the medical literature 164 

does not contain adequate empirical data to answer a critical question, the members of the Clinical Policies 165 

Committee believe that it is equally important to alert emergency physicians to this fact.  166 

This clinical policy is not intended to represent a legal standard of care for emergency physicians. 167 

Recommendations offered in this policy are not intended to represent the only diagnostic or management options 168 

available to the emergency physician. ACEP recognizes the importance of the individual physician’s judgment 169 

and patient preferences. This guideline provides clinical strategies for which medical literature exists to answer 170 

the critical questions addressed in this policy. 171 

 Scope of Application. This guideline is intended for physicians working in EDs who evaluate and treat 172 

community-acquired pneumonia.  173 

 Inclusion Criteria. This guideline is intended for adult ED patients with CAP. 174 

Exclusion Criteria. This guideline is not intended for pediatric nor pregnant patients.  175 

CRITICAL QUESTIONS 176 

1. In the adult ED patient diagnosed with community-acquired pneumonia, what clinical decision tools can 177 
be used to determine disposition?  178 
 179 
Patient Management Recommendations 180 

 181 
Level A recommendations. None specified. 182 

Level B recommendations. Use the PSI or CURB-65 CAP mortality-decision tools to help identify low-183 

risk patients who may be appropriate for outpatient treatment. 184 

Use a CAP ICU-decision tools (such as the 2007 ‘IDSA/ATS Minor Criteria’) over PSI or CURB-65 to 185 

help identify high risk patients who may need ICU-level care. 186 

Level C recommendations. Do not routinely use biomarkers to augment the performance of clinical 187 

decision tools to guide the disposition of emergency department patients with CAP. 188 
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Use CAP clinical decision tools in conjunction with physician clinical judgment in the context of each 189 

patient’s circumstances when making disposition decisions (Consensus recommendation). 190 

 Potential Benefit of Implementing the Recommendations:  191 
• Appropriate use of risk-decision tools may allow physicians to identify patients with CAP who 192 

are at low risk for mortality and may be appropriate for outpatient treatment. 193 
• Appropriate use of risk-decision tools may allow physicians to identify patients with CAP who 194 

are at high risk for needing mechanical ventilation or vasopressors and who may benefit from 195 
ICU admission. Early identification and appropriate disposition of these patients to an ICU is 196 
associated with lower mortality compared to patients with delayed transfer to an ICU (ie, after 197 
admission to a non-ICU bed). 198 

 199 
 Potential Harm of Implementing the Recommendations:  200 

• There may be factors pertinent to patient disposition that are not considered by risk-decision 201 
tools, such as patients who are immunocompromised or who have poor psychosocial supports. 202 
Patients identified as low risk for mortality may still warrant hospitalization for these reasons. 203 
Inappropriate use of risk-decision tools without consideration of external factors could lead to 204 
unsafe discharge of patients who should instead be admitted. 205 

 206 
 207 

Key words/phrases for literature searches: pneumonia, community-acquired, community-acquired 208 
pneumonia, CURB, Pneumonia Severity Index, clinical decision support system, clinical decision making, 209 
decision support aid, decision support aids, decision support system, decision support tool, decision support tools, 210 
clinical decision aid, clinical decision aids, clinical decision tool, clinical decision tools, decision support 211 
techniques, decision support systems clinical, emergency, emergency health service, hospital emergency service, 212 
emergency ward, emergency medicine, emergency care, emergency treatment, emergency department, emergency 213 
room, emergency service, emergency services, and variations and combinations of the key words/phrases. 214 
Searches included January 2007, to search dates of August 29 and 30, 2017.  215 
 216 

Study Selection: Five hundred twenty-nine articles were identified in the searches. Sixty-six articles were 217 
selected from the search results for further review, with zero Class I studies, 2 Class II studies, and 31 Class III 218 
studies included for this critical question. 219 

 220 
 221 

For the last 3 decades, tools that predict CAP-associated mortality have been used to inform decisions 222 

regarding the need for hospitalization. Patients with CAP at low risk of mortality who had appropriate social 223 

support and outpatient follow-up were typically considered to be appropriate for outpatient management, while 224 

patients who had higher predicted mortality or insufficient outpatient resources were more often hospitalized. 225 

Patients with the highest predicted risk of mortality were often considered for ICU care, although evidence 226 

suggests that criteria specifically designed for this purpose (eg, to predict which patients will need ICU-level care 227 

such as mechanical ventilation or vasopressors) have greater ability to predict patients who may need these 228 

interventions. Early identification of patients with CAP who will need ICU care is important because those with 229 
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delayed ICU transfer from the hospital floor to the ICU, such as for respiratory failure or septic shock, have 230 

higher mortality than patients who were admitted directly to the ICU.6-9  231 

Two categories of tools help guide these disposition decisions. Traditional clinical decision tools use a 232 

combination of patients’ clinical signs, laboratory results, and imaging results to inform disposition decisions, 233 

while in recent years individual laboratory tests “biomarkers” have been identified to inform disposition decisions 234 

either independently or in conjunction with clinical decision tools. This review will describe evidence on how ED 235 

disposition decisions for patients with CAP may be informed by clinical decision tools, biomarkers, and the 236 

combinations of them. 237 

 238 

Clinical Decision Tools for Mortality in CAP  239 

We identified 7 clinical decision tools that had supporting literature of sufficient methodological rigor for 240 

inclusion in this clinical policy evaluation. The first 2, the pneumonia severity index (PSI) and the CURB-65, 241 

were both developed to predict mortality in patients with CAP. The evidence for these tools will be presented, 242 

after which the remaining 5 clinical decision tools will be described in regard to predicting the need for ICU 243 

admission.  244 

 245 

Pneumonia Severity Index  246 

The Pneumonia Severity Index (PSI, also known as the PORT Score) is a 20-item system originally 247 

developed in a Class III study by Fine et al10 and subsequently validated in a Class II11 study and several Class III 248 

studies.12-18 The PSI classifies patients into 1 of 5 risk classes with substantially different rates of predicted 30-day 249 

mortality. We calculated mortality rate ranges for PSI risk classes among 7 patient cohorts from 5 studies.10,12-14,16 250 

Patient in risk classes I and II have very low 30-day mortality rates (0% to 0.4% and 0.4% to 1.0%, respectively), 251 

and may be appropriate for outpatient treatment. Patients in risk class III have higher 30-day mortality (0.9% to 252 

3.8%) may be considered for observation or a short hospitalization, while patients in risk classes IV and V (30-253 

day mortality of 6.0% to 11.4% and 16.8% to 38.3%, respectively) are typically admitted for inpatient care.  254 

 255 

CURB-65 256 
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Criteria identified by the British Thoracic Society (BTS) and modified by Neill et al19 produced the 4-257 

point CURB scale for predicting CAP mortality, and it was subsequently expanded in a Class III study by Lim et 258 

al20 to include an additional criterion for age. The resulting CURB-65 tool was externally validated in Class III 259 

studies by Aujesky and Capelastegui.13,14 As with the PSI, the CURB-65 score is directly associated with 260 

mortality. Based on 5 patient cohorts from our 4 studies, we identified that patients with scores of 0 and 1 have 261 

very low 30-day mortality rates (0% to 0.7% and 0% to 3%, respectively) and may be considered for outpatient 262 

treatment. Patients with a CURB-65 score of 2 have higher 30-day mortality (5.9% to 9.2%), and we 263 

recommended these patients be considered for inpatient admission. Patients with scores of 3, 4, or 5 have 264 

substantially higher 30-day mortality (13% to 21.4%, 17% to 41.9%, and 14% to 60%, respectively), and these 265 

patients are typically hospitalized. There are several variations on the CURB-65 tool, but there are insufficient 266 

data to recommend these tools.21-24 267 

 268 

Comparison of PSI and CURB-65 for Prediction of Mortality  269 

Several investigations have compared the performance of PSI and CURB-65. In general, both tools 270 

should be considered appropriate for prediction of mortality in ED patients with CAP. For instance, Class III 271 

studies by Capelastegui et al14 and Buising et al25 concluded that the PSI and CURB-65 tools performed similarly 272 

for prediction of 30-day and in-hospital mortality.  273 

Two studies suggest the PSI may be superior at identifying low-risk patients. Aujesky et al compared the 274 

performance of PSI and CURB-65 in a Class III study which defined low-risk patients using PSI classes I through 275 

III and CURB-65 scores of 0 to 1.13 The negative predictive value (NPV) for mortality were high for low-risk 276 

groups for both the PSI (NPV 99.7%; 95% confidence interval [CI] 99% to 100%), and the CURB-65 (NPV 277 

99.4%; 95% CI 99% to 100%), but the PSI had a statistically greater ability to predict 30-day mortality (area 278 

under the curve (AUC) 0.81; 95% CI 0.78 to 0.84) compared to the CURB-65 (AUC 0.76; 95% CI 0.73 to 0.80). 279 

Using the above definitions, the PSI identified a higher proportion of patients as low-risk (68%) compared to the 280 

CURB-65 (61%), and the mortality rate among patients deemed low-risk by PSI (1.4%) was lower than the 281 

corresponding mortality rates for low-risk CURB-65 patients (1.7%; P<.001).13  282 
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Similar findings were noted by Chalmers et al15 in a Class III systematic review that compared PSI and 283 

CURB-65 tools regarding 30-day mortality. The review identified no statistically significant difference in the 284 

tools’ performance as measured by summary receiver operator characteristic curves (PSI 0.81 versus CURB-65 285 

0.80). However, among low-risk patients (defined as PSI risk classes of I and II or CURB-65 scores of 0 to 1), the 286 

PSI had a lower negative likelihood ratio (negative LR) for mortality (negative LR 0.08; 95% CI 0.06 to 0.12) 287 

compared to the CURB-65 (negative LR 0.21; 95% CI 0.15 to 0.30). Changing the CURB-65 threshold to a lower 288 

level (0 points) achieved a lower negative LR (negative LR 0.10; 95% CI 0.06 to 0.16) that was similar to the PSI, 289 

but this approach classified a much smaller proportion of patients as low risk (24.2%) compared to the PSI 290 

(34.9%).15 291 

As with any clinical decision tool, the PSI and CURB-65 must be used in conjunction with clinical 292 

judgement. These tools assist in identifying patients who may be appropriate for outpatient care (ie, are at low risk 293 

of short-term mortality) if the treating physician identifies no other significant barriers to treatment. For instance, 294 

a patient with a chronic lung disease could have a CURB-65 score of 0 but still require hospital admission for 295 

hypoxia. Similarly, patients with a low-risk score may still be appropriate for inpatient care if they have 296 

immunosuppression, respiratory muscle weakness, dementia, severe psychiatric illness, housing insecurity, or 297 

other contributing medical or psychosocial limitation.26  298 

In conclusion, both the PSI and CURB-65 are appropriate tools for predicting CAP mortality. The PSI 299 

appears to have slightly greater predictive value for identifying low-risk patients, but this may be offset by the 300 

greater number of laboratory studies and longer amount of time needed to complete the PSI compared to the 301 

CURB-65. 302 

 303 

Clinical Decision Tools for ICU Admission in CAP 304 

Based on the available peer-reviewed research articles that met our methodological quality standards, this 305 

review identified 5 clinical decision tools designed to predict whether ED patients with CAP would need ICU 306 

care. In general, we recommend readers consider the need for ICU care in patients with CAP by using the 2007 307 

criteria from the ATS and the Infectious Diseases Society of America (IDSA) as described below. 308 

 309 
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American Thoracic Society (2001) 310 

The 2001 American Thoracic Society guidelines for management of CAP (2001 ATS) stated that patients 311 

should be considered for ICU admission if they met at least 1 of 2 major criteria or at least 2 of 3 minor criteria.27 312 

Since there is little disagreement that patients with either of the 2 major criteria (need for mechanical ventilation, 313 

septic shock requiring vasopressors) need ICU care, some critics suggested those criteria added little value when 314 

considering disposition among patients in whom the need for ICU care is less clear. As a result, the 3 minor 315 

criteria (systolic blood pressure ≤90 mm Hg, multilobar disease, and Pao2/FIo2 ratio <250) were subsequently 316 

independently evaluated and validated as effective predictors of ICU admission among patients in whom the need 317 

for intensive care was not as immediately apparent.28 318 

 319 

Infectious Diseases Society of America/American Thoracic Society (2007)  320 

In 2007, the ATS produced a revised set of guidelines for CAP in collaboration with the Infectious 321 

Diseases Society of America (2007 IDSA/ATS).29 These guidelines added 6 new minor criteria, with the 322 

recommendation that patients be considered for ICU care if they have at least 1 major criterion or 3 minor criteria. 323 

These minor criteria have been validated in several prospective investigations.30-32 The updated ATS/IDSA 324 

guidelines published in 2019 affirmed the use of the minor criteria from the 2007 guidelines.33 325 

 326 

SCAP (CURXO-80)  327 

The SCAP (severe CAP) tool, also known as CURXO-80, was developed by Espana et al34 in a Class III 328 

observational trial of 1,057 patients designed to predict a combined outcome of in-hospital mortality, invasive 329 

ventilatory support, or use of vasopressors for shock among patients with CAP. It was subsequently externally 330 

validated.35 The tool includes 2 major and 6 minor criteria, and it recommends that patients be considered for ICU 331 

care if they have at least 1 major or 2 minor criteria. 332 

 333 

SMART-COP  334 

Charles et al developed the 8-item SMART-COP scale which predicts the need for invasive ventilatory or 335 

vasopressor support.16 This tool uniquely uses age-adjusted thresholds for 2 items (respiratory rate and 336 



  

12 
 

oxygenation) rather than including a variable for age, and it uses different weights (1 point versus 2 points) for 337 

different criteria. The scale recommends ICU admission for patients with a score of 3 points or greater. 338 

 339 

REA-ICU 340 

The REA-ICU (Risk of Early Admission to the ICU) tool was developed by Renaud et al to predict ICU 341 

admission within 3 days of hospital admission from the ED.36 Of note, this tool specifically excludes patients with 342 

major criteria for ICU admission (eg, need for mechanical ventilation or vasopressors) at the time of ED 343 

evaluation. The REA-ICU uses a total of 11 criteria, 8 of which are also used in other CAP risk tools. Each 344 

criterion is assigned 1 to 3 points, and patients with 7 or more points are recommended for ICU admission. The 345 

tool was externally validated in a Class III study by Labarere et al.37  346 

 347 

Comparison of Clinical Decision Tools for ICU admission 348 

Several prospective trials and systematic reviews have examined the performance of these ICU-specific 349 

tools in relation to the PSI and CURB-65. In general, these studies support the use of tools designed to predict 350 

ICU admission rather than relying on the PSI or CURB-65. For patients without the need for vasopressors or 351 

mechanical ventilation, we suggest using the 2007 ATS/IDSA minor criteria to identify patients who may benefit 352 

from ICU care. This recommendation is consistent with the recently published 2019 ATS/IDSA guideline.33  353 

Findings from a Class II systematic review and meta-analysis by Marti et al support this conclusion.38 For 354 

the outcome of ICU admission, higher positive likelihood ratios (positive LR) were observed for the full set of 355 

2001 ATS criteria (positive LR 7.3; 95% CI 4.4 to 12.2) and 2007 IDSA/ATS minor criteria (positive LR 5.9; 356 

95% CI 3.8 to 9.3) compared to PSI risk classes IV and V (positive LR 1.5; 95% CI 1.4 to 1.6) or a CURB-65 357 

score of 3 or greater (positive LR 2.1; 95% CI 1.6 to 2.7). The diagnostic odds ratios (diagnostic OR), which 358 

reflect the ability of these tools to correctly predict which patients were admitted to the ICU and those that were 359 

not, were substantially higher for the full 2001 ATS criteria (diagnostic OR 24.6; 95% CI 13.1 to 46.4) and 2007 360 

IDSA/ATS minor criteria (diagnostic OR 13.1; 95% CI 7.7 to 22.3) than for PSI risk classes IV and V of 4 or 361 

greater (diagnostic OR 2.9; 95% CI 2.4 to 3) or CURB-65 score of 3 or greater (diagnostic OR 3.6; 95% CI 2.2 to 362 

5.8). Similar conclusions were reached in a 2011 systematic review and meta-analysis by Chalmers et al.28 The 363 
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REA-ICU validation study by Labarare et al37 was not included in either of those reviews but also found similar 364 

results, with higher positive likelihood ratios for prediction of ICU admission observed for the 2007 IDSA/ATS 365 

minor criteria (positive LR 4.1; 95% CI 2.6 to 6.5) and REA-ICU (positive LR 3.2; 95% CI 2.3 to 4.5) compared 366 

with PSI risk classes IV and V (positive LR 1.5; 95% CI 1.3 to 1.8) or CURB-65 score of 3 or greater (positive 367 

LR 1.9; 95% 1.2 to 3.0). Together, these results suggest that the 2001 ATS or 2007 IDSA/ATS guidelines may 368 

identify patients with CAP to admit to the ICU. Since we are aware of no research that directly compares the 369 

minor criteria from the 2001 guidelines to those from the 2007 guidelines, we favor using the 2007 minor criteria 370 

since they incorporate a broader set of clinical criteria and are affirmed by the updated 2019 ATS/IDSA 371 

guideline.33 372 

In other circumstances, emergency physicians may want to identify patients who are the least likely to 373 

need ICU care. In the same 2012 study, Marti et al38 also found the positive likelihood ratio for the SCAP 374 

(positive LR 1.8; 95% CI 1.2 to 2.6) and SMART-COP (positive LR 2.6; 95% CI 1.3 to 5.3) tools were no greater 375 

than for the PSI and CURB tools, but they both had negative likelihood ratios far lower (SCAP negative LR 0.13, 376 

[95% CI 0.06 to 0.26]; SMART-COP negative LR 0.15, [95% CI 0.03 to 0.91]) than the CURB-65 (negative LR 377 

0.64; 95% CI 0.51 to 0.79), the PSI (negative LR 0.53; 95% CI 0.46 to 0.60), or the 2007 IDSA/ATS minor 378 

criteria (negative LR 0.48; 95% CI 0.38 to 0.60). Thus, an emergency physician with several ill CAP patients 379 

could use the SCAP or SMART-COP tools to identify patients least likely to need ICU care. However, this area 380 

would benefit from additional research; the smaller subsequent study by Labarare37 suggested the negative LRs 381 

were somewhat higher for the SCAP (negative LR 0.5; 95% CI 0.4 to 0.8) and SMART-COP tools (negative LR 382 

0.5; 95% CI 0.4 to 0.7) and were not significantly different from the PSI (negative LR 0.5; 95% CI 0.3 to 0.8). 383 

This study suggested that patients without an REA-ICU score of 4 points or more (a different threshold than noted 384 

above) had a low negative likelihood ratio of 0.2 (95% CI 0.1 to 0.5) but this finding has not been reproduced 385 

elsewhere. 386 

In conclusion, the 2001 ATS criteria or 2007 IDSA/ATS minor criteria can identify patients with CAP 387 

who are most likely to need ICU care. Should the situation arise, the SCAP and SMART-COP tools may have 388 

somewhat better predictive value for ruling out the need for ICU care, although the evidence on this association is 389 

mixed. The REA-ICU tool shows promise but would benefit from further validation. 390 
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 391 

Limitations of CAP clinical decision tools 392 

Physicians must be cognizant of the broader medical and psychosocial factors that may influence the 393 

decision to pursue inpatient versus outpatient care, and patients with low predicted mortality may nonetheless 394 

warrant hospital admission.39-41 For instance, these tools have not been validated and should not be used in 395 

patients who are immunocompromised or who were recently discharged from the hospital. Patients may not be 396 

appropriate for outpatient treatment if they are unable to take oral antibiotics (eg, due to severe nausea and 397 

vomiting) or if they have significant psychosocial comorbidities such as psychiatric disease or homelessness. 398 

Furthermore, these tools have not been compared directly to physician clinical judgment alone. Physician clinical 399 

judgment may identify patients who warrant admission due to factors beyond those addressed by these tools.   400 

 401 

Biomarkers 402 

This review identified 12 laboratory markers that have been investigated for their prognostic value in 403 

CAP. Our review focuses primarily on the 2 biomarkers with the largest body of supportive research−midregional 404 

pro-adrenomedullin (MR-proADM) and procalcitonin (PCT). Research suggests these 2 biomarkers may 405 

independently perform as well as, but no better than, the PSI and CURB-65, and there are only limited data on 406 

using biomarkers and clinical decision tools together. Since biomarkers do not presently offer an advantage over 407 

the clinical decision tools, there is little justification for using and incurring costs from these tests. As a result, we 408 

recommend neither of these biomarkers be used to guide disposition for patients with CAP unless future research 409 

determines they can significantly improve patient outcomes. For the remaining 10 biomarkers, there was either 410 

insufficient literature on test performance or evidence suggesting poor prognostic value for guiding disposition in 411 

CAP.42-54 412 

MR-proADM levels correlate well with PSI score, as demonstrated in Class III investigations by Christ-413 

Crain, Courtais, and Huang.47,48,55 Two Class III studies by Christ-Crain and Espana found that MR-proADM 414 

levels at hospital admission were higher in patients with CAP who subsequently died or developed complications 415 

compared to survivors.47,56 However, Class III studies by Courtais, Espana, and Huang showed the value of MR-416 

proADM to predict mortality or ICU admission was not statistically different from the PSI and CURB-65.48,55,56  417 
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Procalcitonin appears to have some prognostic value for mortality in CAP, albeit not as much as MR-418 

proADM. The previously referenced Class III studies by Christ-Crain, Courtais, and Huang found initial PCT 419 

levels were higher among CAP patients who died during follow-up than among survivors and that PCT correlates 420 

with PSI risk classes but to a lesser degree than MR-proADM.47.48,57 Similarly, 2 Class III studies suggested PCT 421 

had less prognostic value for 30-day mortality compared to MR-proADM.55,56 A large Class III study found a 422 

linear association between PCT concentration and need for invasive respiratory or ventilator support (IRVS) in 423 

patients with CAP, with a 1% to 2% increased risk of this combined outcome for each 1 ng/mL rise in PCT (up to 424 

10 ng/mL).58 However, the overall prognostic value of PCT appears to be statistically no different than PSI or 425 

CURB-65 for prediction of 30-day mortality.57   426 

 427 

Performance of clinical decision tools and biomarkers together 428 

In general, studies that examine addition of biomarkers to mortality-decision tools (eg, PSI or CURB-65) 429 

have shown either small or negligible improvement to overall tool performance. A single-center Class III study of 430 

302 patients at a single institution suggested that a combined tool of MR-proADM and PSI were slightly better 431 

than PSI alone (AUC 0.77 versus 0.73; P=.03).47 However, a large Class III prospective cohort study of 1,653 432 

patients at 28 EDs concluded that a combined MR-proADM/PSI tool was no better than the PSI alone (AUC 0.84 433 

versus 0.83; P=NS).55 Similarly, the addition of PCT to the PSI appears to have no additional benefit above the 434 

PSI alone in predicting mortality across all patient groups (AUC 0.85 versus 0.83; P=NS).57 435 

A small body of literature suggests that biomarkers may have more value when used selectively in high-436 

risk patients. For instance, a Class III prospective cohort study of 109 CAP patients identified that MR-proADM 437 

levels varied little among low-risk patients (PSI risk classes I through III) but varied substantially among high-438 

risk patients (PSI risk classes IV and V).48 Among these high-risk patients, logistic regression demonstrated MR-439 

proADM levels were significantly associated with 30-day mortality (P=.01) whereas the absolute PSI scores (IV 440 

versus V) were not (P=.12). A large multicenter Class III prospective cohort study found similar results; among 441 

patients in high-risk PSI classes (IV and V), individuals MR-proADM levels in the lower 3 quartiles had 442 

significantly lower mortality rates compared to those with MR-proADM levels in the top quartile (9% versus 443 

23%; P<.0001).55 Other research has found similar associations for PCT. A large Class III prospective cohort 444 
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study concluded that patients in high-risk PSI classes with PCT levels in the highest quartile had a substantially 445 

higher mortality rate than those with PCT levels in lower quartiles (19.0% versus 1.6%; P<.0001), resulting in a 446 

negative LR of 0.09 (95% CI 0.02 to 0.36) for patients with lower PCT levels.57 Similar but slightly weaker trends 447 

were seen among patients with high-risk CURB-65 scores and low PCT levels (negative LR 0.18; 2.2% versus 448 

13.8%; P<.0001). 449 

For prediction of ICU admission, there is very limited literature on the value of combining biomarkers 450 

with clinical decision tools. In a Class III study, Espana et al56 examined the value of 3 biomarkers (MR-451 

proADM, PCT, and C-reactive protein) in conjunction with 3 risk-stratification tools (PSI, CURB-65, and SCAP) 452 

to predict ICU admission and other severe CAP-associated complications. This investigation concluded that MR-453 

proADM improved the AUC for all 3 tools: SCAP improved from 0.83 to 0.88 (P<.0001), PSI improved from 454 

0.83 to 0.87 (P<.0001), and CURB-65 improved from 0.79 to 0.85 (P<.0001). PCT added prognostic value to all 455 

3 tools but to a lesser degree.56  456 

A single-center Class III study by Chen et al incorporated a lactate measurement to the CURB-65 score 457 

and examined the prognostic value of this revised tool.42 Results suggested this approach could offer additional 458 

prognostic value to the CURB-65 for this purpose, but the results were not compared to the ICU-decision tools 459 

(eg, 2001 ATS or 2007 IDSA/ATS tools) and they have not been replicated at other centers. 460 

 461 

Summary 462 

The PSI and CURB-65 tools are both well-validated tools that can predict short-term mortality in patients 463 

with CAP and can be used to identity low-risk patients for whom outpatient management may be considered. 464 

Both tools are appropriate for this purpose; the PSI appears to be slightly better at identifying low-risk patients, 465 

but it is somewhat more burdensome to complete. For decisions regarding ICU admission, tools designed for this 466 

purpose should be considered superior to the PSI and CURB-65. In particular, the 2001 ATS tool and the 2007 467 

IDSA/ATS minor criteria offer high positive likelihood ratios and high diagnostic odds ratios for prediction of 468 

ICU admission. The SCAP and SMART-COP tools appear to have somewhat greater value for identifying 469 

patients who will not need ICU care. MR-proADM and PCT biomarkers appear to have prognostic values that 470 

approach but do not exceed that of the clinical decision tools, and there is insufficient literature on using 471 
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biomarkers in conjunction with established CAP clinical decision tools. Additional research may help clarify the 472 

role of these newer clinical decision tools and biomarkers in the disposition of ED patients with CAP. 473 

 474 

Future Research 475 

There is a lack of research that examines the prognostic value of these clinical decision tools in 476 

comparison to clinical gestalt. Additional validation studies on the SCAP, SMART-COP, and REA-ICU tools 477 

may help clarify the value of these tools and potentially expedite their adoption into clinical practice. 478 

Furthermore, additional validation studies are needed for the prognostic value of biomarkers in conjunction with 479 

clinical decision tools. There is a particular need to identify the subset(s) of patients in which biomarker results 480 

can meaningfully influence decisions regarding patient disposition from the ED. 481 

 482 

2. In the adult ED patient with community-acquired pneumonia, what biomarkers can be used to direct 483 
initial antimicrobial therapy?  484 
 485 
Patient Management Recommendations 486 

Level A recommendations. None specified. 487 

Level B recommendations. None specified. 488 

Level C recommendations. Do not rely upon any current laboratory test(s), such as procalcitonin and/or 489 

C-reactive protein, to distinguish a viral pathogen from a bacterial pathogen when deciding on administration of 490 

antimicrobials in ED patients who have community-acquired pneumonia. 491 

 Potential Benefit of Implementing the Recommendations:  492 
• Laboratory testing can be costly, painful to the patient, dangerous to health care providers (needle 493 

stick exposure), and also result in delays in treatment and disposition of patients in the ED. By 494 
avoiding testing that does not conclusively decrease antibiotic utilization, patient evaluation and 495 
treatment may proceed in a more time efficient manner. 496 

 497 
 Potential Harm of Implementing the Recommendations:  498 

• N/A 499 
 500 
 501 
Key words/phrases for literature searches: pneumonia, community-acquired, community-acquired 502 

pneumonia, community-acquired infections, C reactive protein, C-reactive protein, procalcitonin, pro-calcitonin, 503 
antigens, bacteria, urine, emergency, emergency health service, hospital emergency service, emergency ward, 504 
emergency medicine, emergency care, emergency treatment, emergency department, emergency room, emergency 505 
service, emergency services, emergency medical services and variations and combinations of the key 506 
words/phrases. Searches included January 1, 2007, to search dates of August 31, 2017, and September 1, 2017. 507 
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 508 
Study Selection: Four hundred sixty-two articles were identified in searches. Twenty-seven articles were 509 

selected from the search results for further review, with zero Class I studies, 3 Class II studies, and 2 Class III 510 
studies included for this critical question. 511 

 512 
 513 

 Community-acquired pneumonia has traditionally been treated empirically with antibiotics even with the 514 

suspicion that viral pathogens are responsible for a percentage of the cases. Recent studies have suggested that 515 

viral pathogens may be the predominant etiology of CAP.59 In one of the largest epidemiologic studies to date, 516 

Jain et al59 evaluated 2,488 patients with CAP in which 93% had radiographic evidence of pneumonia (eg, 517 

infiltrate, effusion). Even by using a battery of available laboratory testing (eg, PCR, bacterial and viral culture, 518 

urinary antigens), only 38% of cases had a definitive etiology identified. The predominant identified etiology was 519 

viral at 23% (human rhinovirus 9%, influenza 6%, other 8%), bacterial pathogens were identified in 11% 520 

(predominant strain Streptococcus pneumoniae at 5%) of patients. Interest in antibiotic stewardship has led to a 521 

surge in research to distinguish viral from bacterial pathogens in order to prescribe antibiotic therapy only to those 522 

patients who will receive benefit. This second critical question related to CAP was specifically selected to identify 523 

those ED patients who are more likely to have a bacterial pathogen as the etiology of their CAP.   524 

In total, 26 articles were graded by our methodologists and the majority of these articles (22) were found 525 

to have fatal flaws and assigned a final grade of “X.” Two articles60,61 were given a final grade of Class II, but 526 

since each article reflected the same meta-analysis published in 2 separate journals, only 1 was included below in 527 

our discussion.60 The 4 articles which are summarized below are heterogeneous in nature in both their study 528 

groups and in their primary end points, which made it challenging to compile a summative statement regarding 529 

this critical question. The articles involved ED patients, inpatients, and non-ICU patients. Furthermore, the 530 

primary endpoints were disparate−mortality in the Cochrane review and total length of antibiotic duration in the 531 

2018 New England Journal of Medicine study.62 Another limitation is that numerous studies investigated both 532 

individual and combinations of laboratory markers. 533 

The majority of the research has focused on PCT and C-reactive protein (CRP). Procalcitonin is a 534 

calcitonin-related biomarker released in response to bacterial infection and tissue injury and is downregulated in 535 

viral infections.61 Research on PCT as a tool to identify bacterial etiologies of lower respiratory tract infections 536 
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(LRTIs) has been ongoing for more than a decade.63-66 Procalcitonin has also been evaluated to assist in the 537 

decision to initiate antibiotic therapy,67 to identify potential bacterial etiology in the patient with undifferentiated 538 

fever in the ED,68-74 and to determine antibiotic use in acute exacerbations of chronic obstructive pulmonary 539 

disease (COPD).75-77 C-reactive protein is a non-specific inflammatory biomarker that increases as a result of 540 

numerous infectious and noninfectious pathologies that result in systemic inflammation.78 Research involving 541 

CRP has investigated its use in differentiating bacterial from viral pneumonia,66,74,79-83 distinguishing pneumonia 542 

from heart failure,84 and limiting antibiotic use in patients with bronchitis.85  543 

 In 2017, a Class II Cochrane review was published by Schuetz et al60 evaluating the use of PCT on 544 

initiating or discontinuing antibiotics in patients with acute respiratory infections (ARIs) in regard to mortality 545 

and treatment failure. The authors included 26 trials and a total of 6,708 patients. The heterogeneous patient 546 

population with acute respiratory infection included patients with CAP, HAP, ventilator-associated pneumonia, 547 

acute bronchitis, exacerbation of COPD, and upper respiratory infections. The large majority of trials (24 out of 548 

26) enrolled patients in the ED, ICU, or both settings. The 30-day mortality was significantly lower for patients 549 

who had PCT-guided care in regard to antibiotic use versus the control group (8.6% versus 10.0%; adjusted OR 550 

0.83; 95% CI 0.70 to 0.99). There was no difference in treatment failures (adjusted OR 0.90; 95% CI 0.80 to 551 

1.01), but the PCT-guided care group had a 2.4-day reduction in antibiotic exposure (95% CI -2.71 to -2.15) and a 552 

reduction in antibiotic-related side effects (16.3% versus 22.1%; adjusted OR 0.68; 95% CI 0.57 to 0.82).  553 

In 2018, a large Class II randomized controlled trial by Huang et al62 (ProACT study) examined the effect 554 

of a PCT based algorithm on the antibiotic prescription in patients with suspected acute LRTI in the ED setting. 555 

The study involved 14 US hospitals and 1,656 adult (≥18 years old) patients who were randomized to usual care 556 

(provider discretion on antibiotic utilization for LRTI) or a PCT level-based group. Providers in the PCT group 557 

were given PCT levels and the recently approved FDA guideline regarding PCT levels in LRTI indicating 558 

whether antibiotics are strongly discouraged, discouraged, recommended, or strongly recommended. Providers 559 

were not mandated to adhere to the FDA guideline, however 72.9% of emergency physicians did adhere to the 560 

FDA guideline. Final diagnoses for patients (some patients received more than 1 final diagnosis) included CAP 561 

(19.9%), acute exacerbation of COPD (31.9%), acute exacerbation of asthma (39.3%), and acute bronchitis 562 

(24.2%). The primary outcome was total antibiotic days in the 30-day period following enrollment. There were 563 
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826 patients in the PCT intervention group and 830 patients in the control group. At 30 days, the percentage of 564 

patients who had received antibiotics in the PCT intervention group was 471 (57.0%) versus 513 (61.8%) in the 565 

control group (99.86% CI -12.7 to 3.0). The PCT intervention group received antibiotics for a mean of 4.2 days 566 

and the control group received antibiotics for a mean of 4.3 days (95% CI -0.6 to 0.5). The secondary outcome of 567 

adverse outcomes was evaluated for noninferiority with a prespecified noninferiority margin of 4.5 percentage 568 

points. The secondary outcome of adverse outcomes was met in 11.7% of patients in the PCT intervention group 569 

and 13.1% of patients in the control group (95% CI -4.6 to 1.7). When evaluating the patient cohorts by sub-group 570 

(CAP, acute exacerbation of COPD, acute exacerbation of asthma, acute bronchitis), there was no statistical 571 

difference between the PCT intervention group and the control group. The authors concluded that a PCT based 572 

algorithm did not result in lower use of antibiotics in ED patients suspected to have LRTI. 573 

In a 2007 Class III study by Muller et al,86 data from 545 patients were evaluated as part of a post-hoc 574 

analysis of 2 prior studies. Of the 545 patients, 373 patients had a final diagnosis of CAP while the other 132 575 

patients had a final diagnoses of bronchitis, acute exacerbation of COPD, or asthma exacerbation.  Both PCT and 576 

highly-sensitive CRP (hsCRP) were evaluated in adult patients with suspected LRTI in their capacity to 577 

accurately identify CAP, predict bacteremia, and assess severity of CAP. The authors evaluated PCT and hsCRP 578 

in patients with and without radiographic findings consistent with CAP. While both PCT and hsCRP increased the 579 

likelihood of accurately identifying CAP, PCT performed better than hsCRP and was also beneficial in predicting 580 

bacteremia and severity of illness (ie, higher PCT levels correlate to higher morbidity and mortality).   581 

The final graded article (Class III) was by Rainer et al87 and investigated both CRP and neopterin levels in 582 

regard to their ability to identify a bacterial source of acute respiratory tract infections (ARTIs). Neopterin is an 583 

inflammatory marker produced by macrophages and monocytes in response to inflammation with increased levels 584 

seen in viral as opposed to bacterial pathogens. The cohort involved 561 adult patients with ARTIs who presented 585 

to the ED. They found that patients ultimately diagnosed with a bacterial source of ARTIs had a CRP/neopterin 586 

ratio 10 times higher than patients diagnosed with a viral source of ARTIs. Using a receiver-operator curve they 587 

determined the optimal cutoff ratio for CRP/neopterin ratio was >3 to produce a 79.5% sensitivity and 81.5% 588 

specificity for ruling in bacterial ARTIs. 589 

              590 
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Summary  591 

There has been considerable research investigating adjunctive laboratory markers to assist in identifying 592 

bacterial etiologies of CAP in the ED. However, very few of these studies are of adequate quality to be included 593 

in this analysis. Even the graded articles included in this review have major flaws highlighted by the 594 

heterogeneous patient populations. The researchers included patients who had COPD, bronchitis, upper 595 

respiratory infections, and asthma exacerbations in the same cohort making any conclusion about laboratory 596 

markers in CAP unreliable. Procalcitonin has received considerable attention in the past decade for its potential 597 

role in identifying a bacterial source of LRTI. However, when asking a specific question about its utility in CAP 598 

for this purpose, the literature is of insufficient quality to adequately conclude how an emergency physician may 599 

utilize PCT in the ED when evaluating patients with suspected CAP and determining which patients would 600 

benefit from antibiotics. 601 

 602 

Future Research  603 

Recent research has explored alternative laboratory markers such as ischemia modified-albumin,88 delta 604 

neutrophil index,89 and inflammatory marker triggering receptor on myeloid cells (TREM-1).90 Perhaps most 605 

intriguing of all novel assays is the advance of film array respiratory panels using nasal swab specimens to detect 606 

viral and bacterial pathogens.91,92 The film array respiratory panel is still being investigated for cost, feasibility, 607 

and efficacy in the ED setting.   608 

  609 

3. In the adult ED patient diagnosed with community-acquired pneumonia, does a single dose of parenteral 610 
antibiotics in the ED followed by oral treatment versus oral treatment alone improve outcomes?  611 
 612 
Patient Management Recommendations 613 

Level A recommendations. None specified. 614 

Level B recommendations. None specified. 615 

Level C recommendations. Given the lack of evidence, clinicians should determine whether or not to 616 

provide a single parenteral dose of antibiotics followed by oral treatment guided by individual patient risk profiles 617 

and preferences (Consensus recommendation). 618 
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 619 

Potential Benefit of Implementing the Recommendations:  620 
• Improved patient satisfaction and compliance as a result of more efficient patient care and shared 621 

decision-making. 622 
 623 
 624 
 Potential Harm of Implementing the Recommendations:  625 

• Increased cost and healthcare resource utilization. 626 
• Increased ED length of stay depending on antibiotic selection and duration of administration. 627 
• Complications from potentially otherwise unnecessary intravenous catheter placement 628 

(superficial venous thrombosis, infiltration, pain, localized infection). 629 
 630 

 631 
Key words/phrases for literature searches: pneumonia, community-acquired, community-acquired 632 

pneumonia, antibiotic, antibiotic agent, antibacterial agents, antibacterial drugs, oral, oral drug administration, 633 
infusion, intraarterial infusion, intraarterial drug injection, intravenous infusion, parenteral infusion, injection, 634 
intramuscular injection, intramuscular drug injection, intravenous injection, intravenous, IV, intravenous drug 635 
administration, parenteral, parenteral infusion, parenteral drug administration, and variations and combinations of 636 
the key words/phrases. Searches included January 1, 2007, to search dates of August 31, 2017, September 1, 637 
2017, and September 7, 2017. 638 

 639 
Study Selection: One thousand, four hundred eight articles were identified in the searches. Two articles 640 

were selected for further review, with zero studies included for this critical question. 641 
 642 

 643 

Appropriately selected antibiotics are the standard treatment for CAP, with outpatients generally treated 644 

orally and those requiring admission generally initially treated parenterally. Multiple studies have demonstrated 645 

the safety and efficacy of initial parenteral antibiotics in adult ED patients admitted for CAP with an early 646 

transition to oral therapy.93-98 These studies used various criteria to define when the parenteral to oral therapy 647 

switch should occur, but most mandate the patient be clinically stable and afebrile for a minimum of 24 to 72 648 

hours. Patients enrolled in these studies received multiple doses of parenteral antibiotics prior to switching to oral 649 

antibiotics. With appropriate application of clinical decision tools, an increasing proportion of patients may be 650 

treated as outpatients or with periods of observation (<24 hours). In those patients requiring observation or for 651 

whom a brief admission or discharge are both deemed to be reasonable options (borderline cases), it would be 652 

reasonable to consider an initial parenteral dose of antibiotics prior to conversion to oral therapy. Our systematic 653 

review of the literature, however, found limited evidence that assessed whether a single dose of parenteral 654 

antibiotics in the ED followed by oral treatment was safe or associated with improved outcomes when compared 655 

with oral treatment alone among patients either being admitted or discharged home.  656 
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 657 

Summary  658 

There is limited evidence to support or refute the use of a single dose of parenteral antibiotics in adult ED 659 

patients diagnosed with CAP followed by oral treatment with antibiotics improves outcomes compared with oral 660 

treatment alone. Clinicians may consider utilizing this practice guided by patient risk profiles and preferences and 661 

should engage in shared decision making. 662 

 663 

Future Research  664 

Future studies should assess whether administration of a single dose of parenteral antibiotics and 665 

continued observation for stability may ultimately provide safe, efficacious, and cost-effective treatment for adult 666 

patients for whom the decision to admit or discharge is unclear (ie, those in a clinical decision unit or observation 667 

unit). If future research demonstrates a benefit of a single parenteral dose of antibiotics prior to discharge with 668 

oral antibiotics, inpatient admissions may be safely avoided.  669 

Relevant industry relationships: There were no relevant industry relationships disclosed by the 670 
subcommittee members for this topic. 671 

Relevant industry relationships are those relationships with companies associated with products or 672 
services that significantly impact the specific aspect of disease addressed in the critical question. 673 
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Appendix A. Literature classification schema.* 1001 

 
Design/ 
Class 

 
Therapy† 

 
Diagnosis‡ 

 
Prognosis§ 

 
1 

 
Randomized, controlled trial or 
meta-analysis of randomized 
trials 

 
Prospective cohort using 
a criterion standard or 
meta-analysis of 
prospective studies 

 
Population prospective 
cohort or meta-analysis 
of prospective studies 

 
2 

 
Nonrandomized trial  

 
Retrospective 
observational 

 
Retrospective cohort 
Case control 

 
3 

 
 
Case series 
 

 
 
Case series 
 

 
 
Case series 
 

*Some designs (eg, surveys) will not fit this schema and should be assessed individually. 1002 
†Objective is to measure therapeutic efficacy comparing interventions. 1003 
‡Objective is to determine the sensitivity and specificity of diagnostic tests. 1004 
§Objective is to predict outcome, including mortality and morbidity. 1005 
 1006 

Appendix B. Approach to downgrading strength of evidence. 1007 
_______________________________________________________ 1008 
 1009 
    Design/Class 1010 
   _______________________________ 1011 
Downgrading  1  2  3 1012 

 1013 
None   I  II  III 1014 
1 level   II  III  X 1015 
2 levels   III  X  X 1016 
Fatally flawed  X  X  X 1017 
 ____________________________________________________________________________________ 1018 
 1019 
Appendix C. Likelihood ratios and number needed to treat.* 1020 
  1021 

LR (+) LR (–)  
1.0 1.0 Does not change pretest probability 
1–5 0.5–1 Minimally changes pretest probability 
10 0.1 May be diagnostic if the result is concordant with 

pretest probability 
20 0.05 Usually diagnostic 
100 0.01 Almost always diagnostic even in the setting of low or 

high pretest probability 
 LR, likelihood ratio. 1022 
 *Number needed to treat (NNT): number of patients who need to be treated to achieve 1   1023 

additional good outcome; NNT=1/absolute risk reduction×100, where absolute risk reduction is the risk 1024 
difference between 2 event rates (ie, experimental and control groups). 1025 
 1026 
 1027 
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Table 1. Mortality Prediction Tools 1028 
  PSI CURB-65 
Category Specific Criteria Points Specific Criteria Points 
Demographics         

Age   
(age in 
years) Age ≥ 65 1 

Sex Female -10     
Residence Nursing home resident 10     

Coexisting illnesses         
Neoplastic disease Present 30     
Liver disease  Present 20     
Congestive heart 

failure Present 10     
Cerebrovascular 

disease Present 10     
Renal disease Present 10     

Physical examination         
Mental status Altered/confused 20 Altered/confused 1 
Respiratory rate  ≥30 breaths/min 20  ≥30 breaths/min 1 

Blood pressure SBP < 90 mm Hg 20 SBP < 90 mmHg or DBP ≤ 60 
mmHg 1 

Temperature  
<35°C (95°F) or >39.9°C 
(103.8°F) 15     

Pulse  ≥125 beats/min 10     
Laboratory & Imaging 
studies   

      
Arterial pH > 7.35 30     
BUN  ≥30 mg/dL (≥11 mmol/L) 20 > 19 mg/dL (>7 mmol/L) 1 
Sodium  < 130 mmol/L 20     
Glucose  > 250 mg/dl (14 mmol/L) 10     
Hematocrit  <30% 10     
PaO2  <60 mmHg 10     
Chest x-ray Pleural effusion present 10     

     

 PSI Risk Class 
30-Day 

Mortality CURB-65 Score 
30-Day 

Mortality 

 

Class I: Age <50 years, no 
listed illnesses or exam 
findings 0.1% 

0 0.6% 

 Class II: ≤70 points 0.6% 1 2.7% 

 Class III: 71-90 ponts 0.9% 2 6.8% 

 Class IV: 91-130 points 9.3% 3 14.0% 

 Class V: >130 points 27.0% ≥4 27.8% 
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Table 2. Prediction Tools for ICU Admission. 1029 

Criteria ATS 2001a IDSA/ATS 2007b SCAP (CURXO-80)c SMART-COPd REA-ICUe 

  Score   Score   Score   Score   Score 

Mechanical Ventilation Invasive mechanical ventilation Major Invasive mechanical ventilation Major             

Shock Septic shock Major Septic shock with need for 
vasopressors Major           

  

Blood Pressure (BP) Systolic BP ≤90 mmHg Minor Hypotension requiring aggressive 
fluid resuscitation Minor Systolic BP <90 mmHg Major Systolic BP <90 mmHg 2   

  

Radiographic Findings Multilobar disease Minor Multilobar infiltrates Minor Multilobar or bilateral 
infiltrates Minor Multilobar involvement 1 Multilobal infiltrates 

or pleural effusion 2 

Oxygenation PaO2/FIO2 < 250 Minor PaO2/FiO2 ≤ 250 Minor PaO2/FiO2 < 250 Minor 

Age ≤50: PaO2 < 70 mmHg, 
SpO2 ≤ 93%, or PaO2/FIO2 < 
333 
Age >50: PaO2 < 60 mmHg, 
SpO2 ≤ 90%, or PaO2/FIO2 < 
250 

2 PaO2 < 60 mmHg or 
SpO2 < 90% 

2 

Respiratory Rate 
(breaths/minute)     ≥ 30 Minor > 30 Minor Age ≤50: ≥ 25  

Age >50: ≥ 30 1 > 30 
1 

Mental Status     New confusion or disorientation Minor Altered mental status Minor New-onset confusion 1     

BUN (mg/dL)     ≥20 Minor >30 Minor     > 30 21 

WBC Count (cells/mm3)     <4000 Minor         < 4000 or > 20,000 1 

Platelet Count     >100,000 cells/mm3 Minor             

Temperature     < 36°C Minor             

Arterial pH         < 7.30 Major < 7.35 2 < 7.35 2 

Age (years)         ≥ 80 Minor     ≥ 80 1 

Albumin (g/dL)             < 3.5 1     

Heart Rate (beats/min)             > 125 1 > 125 1 

Sex                 Male 1 

Comorbidities*                 1 or more 1 

Sodium (mEq/L)                 < 130 3 

           

Suggested criteria for ICU 
admission 

≥1 major or ≥2 minor criteria  ≥1 major or ≥3 minor criteria  ≥1 major or ≥2 minor 
criteria 

 ≥3 points 
 

≥7 points 
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a. Niederman et al., 2001 
b. Mandell et al., 2007 
c. Espana et al., 2006 
d. Charles et al., 2008 
e. Labarare et al., 2012 

 
*Including cancer, liver disease, kidney disease, stroke, CHF, coronary disease, COPD, or diabetes
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Evidentiary Table.   1030 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Fine et al10 
(1997) 

III for Q1 Hybrid, 
retrospective and 
prospective 
observational; 
derivation cohort: 
adult inpatients 
with community-
acquired 
pneumonia; 
excluded those 
with HIV, recent 
admission, or 
transfers; 78 
hospitals in 23 
states; validation 
cohort: adult 
patients 
hospitalized with 
community-
acquired 
pneumonia in the 
state of 
Pennsylvania and a 
prospective cohort 
of adult patients 
with community-
acquired 
pneumonia from 5 
institutions, using 
both outpatients 
and inpatients 

Derivation cohort; chart 
abstraction; 250 
candidate predictive 
variables; outcome, 30-
day mortality 

Derivation: 14,199 patients 
(retrospective); validation: 
38,039 patients (retrospective), 
2,287 patients (prospective); 
instrument includes: age, 
comorbidities, physical 
examination findings, and 
laboratory findings; derived and 
validated a clinical prediction 
instrument with 5 risk classes: 
I – mortality: 0.1% to 0.4% 
II – mortality: 0.6% to 0.7% 
III – mortality: 0.9% to 2.8% 
IV – mortality: 8.2% to 12.5% 
V – mortality: 27.0% to 31.1% 

Limited methodological detail; 
derivation among large 
administrative datasets but 
validated among a prospective 
cohort 
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Evidentiary Table.   1032 
Study & Year 
Published 

Class of 
Evidence 

Setting & Study 
Design 

Methods & Outcome 
Measures 

Results Limitations & Comments 

Carratala et 
al11  

(2005)  

II for Q1 Randomized 
clinical trial 
conducted at two 
tertiary care 
hospitals (1 
academic and 1 
urban) in 
Barcelona, Spain 
between October 
2000 and October 
2002  
 
 
 

Enrolled patients >18 y 
with diagnosis CAP; 
excluded if 
immunosuppressed; 
patients with CAP were 
stratified into risk classes 
by PSI scores; patients in 
risk classes I, IV, and V 
were excluded; patients in 
risk classes II and III 
were randomized; 
primary outcome 
percentage of patients 
with an overall successful 
outcome defined as 
meeting all 7 criteria: (1) 
cure of pneumonia; (2) 
absence of adverse drug 
reactions; (3) absence of 
medical complications 
during treatment; (4) no 
need for additional visits; 
(5) no changes in initial 
treatment with 
levofloxacin; (6) absence 
of subsequent hospital 
admission in the 30 
days after randomization; 
and (7) absence of death 
from any cause in the 30 
days after randomization 

A total of 224 patients were 
enrolled; N=203 analyzed; of 
these, 110 received outpatient 
care and 114 were hospitalized; 
21 patients were excluded for 
protocol breaches not following 
eligibility criteria; overall 
successful outcome was 
achieved in 83.6% of outpatients 
and 80.7% of hospitalized 
patients (absolute difference, 2.9 
percentage points; 95% CI -7.1 
to 12.9 percentage points) 

Small sample size; complex 
primary endpoint; only 
examined PSI classes II and III; 
study not blinded but had 
concealed allocation 
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Evidentiary Table (continued). 1034 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Armour et al12 
(2003)  

III for Q1 Multicenter 
prospective 
observational 
study at primary 
care practice 
clinics or 
emergency 
departments at 9 
medical centers (5 
community 
healthcare 
systems, 3 
university-
affiliated hospital 
systems, and 1 
Veterans Affairs 
Medical Center) in 
Georgia and 
Virginia in the US 
between 
November 1996 
and March 1998 
 
 

Eligible patients: 18 to 50 y 
with any risk factors (cancer, 
congestive heart failure, 
stroke, chronic kidney 
disease, liver disease, altered 
mental status, tachycardia, 
tachypnea, fever, or 
hypotension); or patients 50 
to 80 y with none of the 
above factors; initial 
diagnosis may have been on 
clinical grounds; all patients 
received CXR within 2 days 
of presentation; patients 
excluded if coming from 
skilled nursing facility or 
other facility, if previously 
hospitalized within 10 days, 
known history of HIV, was 
an organ transplant recipient, 
or was on dialysis for end 
stage renal disease; 
calculated PSI for each 
patient; primary outcome: 
30-day mortality; missing 
data handled by assigning 
lowest-risk score for 
categories with missing data; 
patients in PSI class I and V 
(calculated after enrollment) 
were excluded from analysis 

Enrolled 675 patients; PSI 
AUC for predicting mortality 
was 0.75; mortality by PSI 
class: class II, 1.0% (95% CI 
0.3 to 3.0); class III, 2.4% 
(95% CI 0.8 to 5.4); class IV, 
11.4% (95% CI 7.1 to 17.1); 
total 4.1% (95% CI 2.8 to 
5.9) 

Excluded PSI classes I and V 
cases after enrollment, selection 
bias may be introduced; logistic 
regression models used for 
binary outcomes conceivably for 
each category instead of running 
ordinal logit models; outpatient 
and inpatient status were 
included, but it is unclear if the 
rule also determined or 
influenced disposition decisions; 
industry sponsored 
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Evidentiary Table (continued). 1036 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Aujesky et al13 
(2005) 

III for Q1 Multicenter 
prospective cohort 
study; 32 EDs in 
Pennsylvania and 
Connecticut 
 
 

Eligibility: patients 18 y or 
older, clinical diagnosis of 
pneumonia, and a new 
radiographic pulmonary 
infiltrate; excluded if considered 
to have HAP, 
immunosuppression or 
comorbid conditions that 
distinguished them 
diagnostically or therapeutically 
from pneumonia, or 
psychosocial problems 
incompatible with outpatient 
treatment, enrollment, or 
follow-up; outcome: all-cause 
mortality within 30 days; 
excluded patients whose 
mortality status could be not be 
ascertained; any missing 
variables in the PSI or CURB 
scores were assumed to be 
normal: based on commonly 
accepted definitions of low-risk 
patients (PSI risk classes I 
through III; CURB scores <1; 
and CURB-65 scores <2); 
estimated sensitivity, specificity, 
and positive and negative 
predictive values for cut-points 
defining high risk; assessed 
discriminatory power with AUC 
analysis 

N=3,181 patients; overall 
4.6% mortality within 30 
days; at every threshold, 
PSI had a higher 
sensitivity and a lower 
specificity than CURB 
scores; >95% NPV across 
all thresholds for all 
prediction rules; positive 
predictive values were 
low; the PSI had a greater 
discriminatory power to 
predict 30-day mortality 
than CURB scores: PSI 
0.81, CURB 0.73, CURB-
65 0.76 

Secondary analysis of clinical 
pathway studies for pneumonia; 
unclear how this biased results; 
excluded those for whom 
mortality data was missing; 
N=57, could have biased results; 
unclear whether sampling was 
random or all were approached, 
unclear attrition among those 
who were approached; missing 
data assumed to be normal rather 
than using multiple imputation 
or sensitivity analysis; decision 
to drop those for whom mortality 
data could not be ascertained is 
problematic, could have checked 
death records; 30-day mortality 
was lower (4.6%) than in 
previous studies of pneumonia 
prognosis focused on inpatients; 
spectrum bias inflated NPVs for 
all rules compared to prior 
studies; industry sponsored 
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Evidentiary Table (continued). 1038 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Capelastegui 
et al14 
(2006) 

III for Q1 Single-center 
prospective cohort 
study, public 400 
bed teaching 
hospital in 
Northern Spain 
 

Adults aged >18 y 
admitted to the hospital’s 
ED with a diagnosis of 
CAP; excluded if 
immunosuppressed or 
admitted to hospital in 
last 14 days; PSI, CURB-
65, and CRB-65 
calculated for all patients 

A total of 1,776 patients: 1,100 
inpatients (61.9%) and 676 
outpatients (38.1%); of these, 
1,724 (97.1%) had datasets for 
all risk scores under evaluation; 
30-day mortality rate in the 
entire cohort was 6.7%; AUC for 
predicting 30-day mortality: PSI 
AUC, 0.89 (95% CI 0.86 to 
0.91);  
CURB-65 AUC, 0.87 (95% CI 
0.84 to 0.90); CRB-65 AUC, 
0.86 (95% CI 0.84 to 0.89); the 
474 patients with CURB-65 
scores of 2 were distributed in 
two subgroups, with statistically 
significant (P<.001) differences 
in 30-day mortality: 40.9% in 
PSI risk classes I through III 
(2.6% 30-day mortality), and 
59.1% in PSI risk classes IV and 
V (11.1% 30-day mortality); 
among patients with CURB-65 
scores of 3 to 5, 92.6% (274 of 
296 patients) belonged to PSI 
risk classes IV and V, with 30-
day mortality rates of 28.5% 

Secondary analysis of a clinical 
protocol implementation study; 
CURB scores retrospectively 
applied for risk severity, but 
disposition decisions may have 
impacted results; chart review 
was used to ascertain variables 
and scored normal if data were 
missing 
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Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Chalmers et 
al15  

(2010) 

III for Q1 Metaanalysis of 
prospective and 
retrospective 
studies published 
between 1980 and 
August 2009 

Objective to assess 
differences in 
performance between the 
PSI, CURB-65 and CRB-
65 risk scores in 
predicting mortality from 
CAP; followed MOOSE 
(meta-analysis of 
observational studies in 
epidemiology) guidelines; 
used PUBMED and 
EMBASE; included all 
languages; excluded 
conference abstracts; two 
investigators 
independently assessed 
article eligibility and 
quality using modified 
Hayden criteria – tables 
included; pooled 
estimates for outcomes 
ratios, sensitivity, 
specificity, positive and 
negative likelihood ratios 
reported from random 
effects models stratified 
by risk categories; 
heterogeneity assessed 
using Cochran Q test and 
Higgins I2 test 
 

N=40 studies identified meeting 
eligibility criteria; 17 studies 
reported data for CURB-65, 11 
studies reported data for CRB-
65, and 31 papers reported data 
for PSI, comprising 33 
individual cohorts; the majority 
of studies used 30-day mortality 
as their primary outcome 
measure, although in-hospital 
mortality was used in a few 
studies; there were no significant 
differences in the AUC curves 
between PSI, CURB-65, and 
CRB-65 in the main analysis or 
in any of the extensive 
subanalyses; PSI had a superior 
negative LR and identified a 
higher percentage of patients as 
low risk compared with CURB-
65 and CRB-65; the high risk 
groups of CURB-65 and CRB-
65 had a higher positive LR 

Inconsistent outcome use; 
significant heterogeneity in all 
analyses of discrimination; no 
sensitivity analysis was 
undertaken using higher quality 
studies 
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Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Charles et al16 
(2008) 

III for Q1 Multicenter 
prospective 
cohort study in 
Australia 

Included adult ED 
patients with CAP who 
were admitted; positive 
prediction of IRVS; 
derived SMART-COP 
rule and validated it in 
5 historical cohorts; 
also evaluated PSI and 
CURB-65 rules 

IRVS required in 91 of 882 episodes 
(derivation) and patients; in derivation 
cohort, AUC 0.87 to predict IRVS; for 
threshold of 3, sensitivity 92% (95% CI 
85 to 97) and specificity 62% (95% CI 
59 to 66); in validation cohorts, 
predictive ability was generally worse   

Predictor and outcome 
variables were not measured 
in blinded fashion; cohort 
only includes patients who 
were admitted 

Akram et al17 
(2011) 

III for Q1 Systematic 
review and meta-
analysis 

Included original 
studies with at least 20 
outpatients with CAP; 
excluded non-CAP 
diagnoses; and 
calculated severity 
scores (PSI, CRB-65, 
CURB-65); included 
patients managed 
exclusively as 
outpatients or those 
seen in ED and 
discharged from ED 
within 24 h; primary 
outcome: 30-day 
mortality; compared 
outcomes between 
high- and low-risk 
patients; for each 
severity score, 
pooled sensitivity and 
specificity are reported 

858 abstracts reviewed; 60 papers 
selected as potentially eligible; 15 
studies met criteria; 2 excluded due to 
insufficient patient numbers or 
insufficient data reported; PSI: 10 
studies with 3,972 patients; pooled 
results: PSI I through III: mortality 
0.2%, PSI IV and V: mortality 10.1%; 
for PSI I through III, pooled sensitivity 
was 92% (95% CI 64 to 100) and pooled 
specificity was 90% (95% CI 89 to 91); 
AUC was 0.92 (SE 0.03); CRB65: 4 
studies with 1,648 patients; pooled 
results: Score 0, 0% mortality; Score 1, 
0.5%; Score 2, 6.3%; Score 3, 13.2%; 
Score 4, no patients; using CRB-65 >1 to 
define hospital admission, pooled 
sensitivity was 81% (95% CI 54 to 96) 
and pooled specificity was 91% (95% CI 
90 to 93) AUC 0.91 (SE 0.05); CURB-
65: 2 studies; no meta-analysis 
performed due to low number of studies 

Included prospective and 
retrospective studies; only 
included English language 
articles; small number of 
studies for CRB-65 and 
CURB-65; limited numbers 
of adverse outcomes led to 
instability with CIs 
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Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Atlas et al18 
(1998) 

III for Q1 Single-center 
prospective cohort 
study, , results 
compared with 
historical controls; 
program 
evaluation of 
treating patients at 
home with 
pneumonia; non-
randomized 
interventional 
study including 
patients who do 
not receive the 
intervention 

Eligible patients: ages 18 
to 84 y, new infiltrate on 
CXR, symptoms 
consistent with 
pneumonia; excluded if 
immunocompromised, 
pregnant, homeless, 
history of intravenous 
drug use, unable to take 
oral meds, or on chronic 
oxygen therapy; 
intervention provided 
physicians with PSI and 
corresponding mortality 
risk; enrolled patients had 
access to home nurse 
visits and the antibiotic 
clarithromycin; observed 
166 prospectively 
enrolled low-risk patients 
and compared their 
results to 147 low-risk 
historical controls from 
the prior year 

Percent treated as outpatient 
increased from 42% to 57%, but 
more patients in the intervention 
group were subsequently 
admitted (0% vs 9%); trend 
toward more patients in the 
intervention group receiving all 
their care in the outpatient 
setting but not statistically 
significant 
 

No adjustment for baseline 
severity or propensity to admit; 
industry sponsored 
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Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Lim et al20 

(2003) 
III for Q1 Multicenter 

retrospective 
cohort study, 
academic, 
European 

Patients admitted for 
CAP; evaluated CURB 
prediction rule to predict 
30-day mortality; derived 
and validated CURB-65 
rule 

N=1,068 (derivation 718, 
validation 214) with 9% 
mortality; CURB ≥2: sensitivity 
74% (95% CI 68 to 80), 
specificity 73% (95% CI 67 to 
79): CURB-65 ≥2: sensitivity 
80%, specificity 61% 

Secondary analysis of 
prospectively collected data; 
cohort only includes inpatients; 
it’s basically an internal 
validation, since what they do is 
divide up the dataset into 80% 
used for derivation and 20% for 
the validation; no description is 
provided as to the chart review 
in gathering the predictor 
variables 
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Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Dean et al22 
(2016)  

III for Q1 Multicenter 
retrospective 
cohort study; 7 
Intermountain 
Healthcare 
Hospitals in Utah; 
2 12-month 
periods: December 
2009 through 
November 2010, 
December 2011 
through November 
2012  

Investigated pleural effusions 
at first encounter and 
subsequent clinical outcomes; 
enrolled patients >18 y 
evaluated in EDs and 
diagnosed with pneumonia 
(ICD-9 codes 480 through 
487.0) or respiratory failure or 
sepsis (ICD-9 codes 518.x and 
038.x) as the primary 
diagnosis, with pneumonia 
secondary; PNA severity 
calculated using eCURB; Pao2 
calculated using proxies for 
missing arterial blood gas 
data; other missing data 
imputed using modified 
iterative scheme algorithms; 
excluded if no radiographic 
evidence for pneumonia, if 
diagnosed with aspiration, or 
if immunocompromised; 
severity-adjusted association 
of both unilateral and bilateral 
effusions with comorbid 
illnesses modeled using 
hospital admission, length of 
stay, and mortality as 
outcomes; hierarchical logistic 
and linear regression models 
used to determine 
performance characteristics  

N=4,771 with pneumonia;  
of these, 690 (14.5%) had 
a pleural effusion; patients 
with pleural effusion at 
presentation were more 
likely to be admitted to the 
hospital (77% vs 57%; 
P<.001) and stayed longer 
in the hospital (median, 2.8 
vs 1.3 days; P<.001); if 
initially not admitted to the 
hospital from the ED, 
patients were more likely to 
be secondarily admitted 
within 7 days (17% vs 5%; 
P<.001); patients with 
pleural effusion had a 
greater likelihood of 
mortality (OR 2.6; 95% CI 
2.0 to 3.5; P<.001), 
controlling for eCURB and 
the Pao2/FIo2 ratio; 
additionally controlling for 
the Elixhauser comorbidity 
score lowered the OR to 2.4  

Unclear how presence of 
effusion influenced disposition 
decisions  
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Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Jones et al23 
(2014)  

III for Q1 Multicenter 
retrospective 
cohort study; 7 
Intermountain 
Healthcare 
Hospitals in Utah 
from December 
2009 to December 
2010  

The study aimed to: (1) compare 
their admission criteria to A-
DROP ≥2 and CURB-65 ≥2 for 
their agreement with actual 
hospital admission and potential 
to reduce hospital admissions 
and outpatient failures 
(secondary hospitalization or 
death); and (2) compare 
eCURB, CURB-65, and A-
DROP for their ability to predict 
30-day mortality for ED patients 
with CAP versus healthcare-
associated pneumonia; enrolled 
patients >18 y with primary 
diagnosis of pneumonia, or 
respiratory failure/sepsis 
primary with pneumonia 
secondary; excluded for 
aspiration, 
immunocompromised, or 
absence of radiographic 
evidence for pneumonia; the 
CURB-65, eCURB and A-
DROP scores were tested for 
their ability to predict 30-day 
mortality using logistic 
regression and by calculating 
the AUC; we also used the AUC 
to compare admission criteria to 
CURB-65 ≥2 and A-DROP ≥2 
for accuracy in predicting 
inpatient versus outpatient triage 

N=2,308 patients, 
admission rate was 58%, 
30-day mortality 6.1%, 7-
day secondary 
hospitalization 5.8%, and 
outpatient failure rate 6.4%; 
admission criteria predicted 
hospital admission with an 
AUC of 0.77, compared to 
0.73 for CURB-65 ≥2 and 
0.78 for A-DROP ≥2; 
hypothetical 100% 
concordance with 
admission criteria 
decreased the 
hospitalization rate to 52% 
and reduced the outpatient 
failure rate to 3.9%, slightly 
better than A-DROP ≥2 
(54% and 
4.3%) and CURB-65 ≥2 
(49% and 5.1%); among the 
30-day mortality predictors, 
eCURB was superior 
overall, with an AUC of 
0.83 vs 0.79 for A-DROP, 
and 0.78 for CURB-65 
(P<.001); there was no 
statistically significant 
difference in performance 
between A-DROP and 
CURB-65 (P=.97) 

Unclear how providers used 
other rules to impact 
disposition decisions; unclear if 
manual abstraction was 
undertaken blinded to 
disposition and 30-day 
mortality; study required 
hierarchical modeling to 
account for clustering by 
hospital site 

 1051 



  

46 
 

Evidentiary Table (continued). 1052 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Buising et al25 
(2006) 

III for Q1 Prospective 
cohort study at a 
single urban 
center, 
Melbourne, 
Australia 
 
 

Enrolled ED patients 
with diagnosed 
pneumonia; excluded if 
age <18 y, history of 
immune suppression, 
cystic fibrosis, hospital 
discharge in prior 2 wk; 
assessed: PSI, CURB, 
CURB-65, Modified 
BTS severity score (2-
step CURB), revised 
American Thoracic 
Society score; the 
performance 
characteristics of the 
severity scores in 
predicting in-hospital 
mortality, need for ICU 
admission and 
composite outcome of 
requiring either inotropic 
support, noninvasive or 
invasive ventilation 
within 48 h of 
presentation where no 
other cause for 
circulatory or respiratory 
failure was clinically 
evident; secondary 
analysis excluding 
patients aged >90 y, 
those from nursing 
homes, and those 
receiving palliative care  

N=392 patients with CAP; of these, 26 (6.6%) required 
ICU admission, 37 (9.4%) died while in hospital, 48.4% 
of deaths were aged >90 y, or resided in a nursing home, 
or were considered to be unsuitable for aggressive 
treatment; PORT mortality prediction: class I, 0; class II, 
0; class III, 2%; class IV, 8%; class V, 28%; excluded 
nursing home, >90 y, or palliative patients; sensitivity of 
the tools for mortality in the remaining patients was 18 
of 19 patients (94.7%) for both PSI classes IV and V and 
for CURB; 17 of 19 patients (89.5%) for CURB-65; 
100% for the modified BTS severity score, and 11 of 19 
patients (57.8%) for the revised American Thoracic 
Society score; 29 patients who died were not admitted to 
the ICU before death, 11 of whom were not in the group 
aged >90 y, from a nursing home, or identified as not for 
resuscitation within 24 h of presentation. The CURB, 
PSI classes IV and V, and modified BTS severity score 
tools all identified 10 of these 11 patients as ‘‘severe’’; 
the rates of ICU admission in each of the PSI classes 
were: class I, 0; class II, 2%; class III, 5%; class IV, 7%; 
and class V, 14%; the revised American Thoracic 
Society score performed well in identifying patients 
requiring ICU admission, as did the modified BTS 
severity score, but CURB-65 had a sensitivity of only 
57.7% for ICU admission; PSI classes IV and V and 
CURB had similar predictive values for this outcome of 
interest; for 8 patients who required ICU admission were 
not admitted directly from the emergency department; 7 
of these patients required transfer from the ward to the 
ICU within 24 h; both the PSI classes IV and V and the 
CURB definitions of severity correctly identified 7 of 
these 8 patients (one patient was misclassified by both 
tools) 

Scores may have been used 
to determine severity and 
disposition and ICU 
admission was an outcome 
leading to overestimation 
of performance due to 
incorporation bias; only 
35.9% of patients had 
arterial blood gas drawn, 
limiting PSI scoring; 
unclear how missing data 
were handled; included 
cases of "clinical 
pneumonia"; some data 
were retrieved 
retrospectively 
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Study & Year 
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Class of 
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Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Chalmers et 
al28  

(2011) 

III for Q1 Meta-analysis of 
prospective and 
retrospective 
studies published 
between 1980 
and October 2009 
 
 

Objective to assess 
differences in performance 
between the PSI, CURB-65, 
and CRB-65, ATS risk scores 
in predicting ICU admission 
from CAP; all studies were 
considered eligible if they 
fulfilled the following criteria: 
original publications, 
inclusion of patients with 
CAP, radiographic 
confirmation of CAP and 
exclusion of non-CAP 
diagnoses, such as non-
pneumonic exacerbation of 
COPD; calculation of severity 
score based on admission 
data; studies involving only 
outpatients were excluded; 
primary outcome was the 
frequency of ICU admission 
(during hospitalization for 
CAP or within 30 days of 
diagnosis) in patients meeting 
severity score criteria; 
surrogates of ICU admission, 
such as the receipt of 
mechanical ventilation or 
vasopressor support, were 
also collected; used 
PUBMED and EMBASE; 
included all languages; 
excluded conference 
abstracts; 2 investigators 

N=28 studies included in meta-analysis; 26 
papers reported data on PSI and the prediction of 
ICU admission, reporting cohorts comprising 
25,609 patients with 2,410 ICU admissions, 
giving a cumulative ICU admission rate of 
9.4%; using a PSI ≥IV to determine ICU 
admission, the pooled sensitivity was 74.1% 
(95% CI 72.3 to 75.8), pooled specificity 47.9% 
(95% CI 47.3 to 48.6) with a LR+ of 1.48 (95% 
CI 1.38 to 1.59) and LR- of 0.53 (95% CI 0.47 
to 0.60); 11 papers reported data for CURB-65 
and the prediction of ICU admission; these 
studies reported data on 11,602 patients with an 
event rate of 9.9% overall; using CURB65 ≥3 to 
determine ICU admission, the pooled sensitivity 
was 48.8% (95% CI 45.9 to 51.7) and the pooled 
specificity was 74.0% (95% CI 73.2 to 74.9); 
The LR+ was 1.70 (95% CI 1.36 to 2.11) and 
the LR- was 0.72 (95% CI 0.60 to 0.86); the 
DOR was 2.85 (95% CI 2.17 to 3.74); using 
CURB-65 ≥4 to determine ICU admission, the 
pooled sensitivity was 28.9% (95% CI 22.5 to 
35.9) and pooled specificity was 89.9% (95% CI 
88.6 to 91.0); the LR+ was 2.09 (95% CI 1.12 to 
3.90) and the LR- was 0.86 (95% CI 0.68 to 
1.09); 4 studies reported data for CRB-65 and 
ICU admission; data were only available for 
3,096 patients with 271 events, giving a 
cumulative ICU admission rate of 8.8%; using a 
score of ≥3 to determine ICU admission, the 
pooled sensitivity was 41.7% (95% CI 35.8 to 
47.8) and pooled specificity was 85.1% (95% CI 
83.8 to 86.4). the positive LR was 3.0 (95% CI 
1.44 to 6.25) and the negative LR was 0.69 

Inconsistent outcome use; 
significant heterogeneity in 
all analyses of 
discrimination; no 
sensitivity analysis was 
undertaken using higher 
quality studies; 
incorporation bias from 
providers using rules to 
determine disposition 
likely as these rules 
disseminated into common 
practice 
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independently assessed article 
eligibility and quality using 
modified Hayden criteria – 
tables included; pooled 
estimates for outcomes ratios, 
sensitivity, specificity, 
positive and negative 
likelihood ratios reported 
from random effects models 
stratified by risk categories; 
heterogeneity assessed using 
Cochran’s Q test and Higgins’ 
I2 test 
 

(95% CI 0.57 to 0.84); 9 studies reported data on 
the 2001 ATS criteria; these studies contained 
4,833 patients with an ICU admission rate of 
16.4%; the pooled sensitivity was 66.7% (95% 
CI 63.3 to 70.0) and pooled specificity was 
84.6% (95% CI 83.5 to 85.7); the LR+ was 7.05 
(95% CI 4.39 to 11.3) and the LR- was 0.34 
(95% CI 0.26 to 0.44); 5 studies reported 
validation data for the 2007 IDSA/ATS criteria; 
the validation studies involved 6,488 patients 
with an ICU admission rate of 14.5%; the pooled 
sensitivity was 61.2% (95% CI 58 to 64.3), 
pooled specificity was 88.6% (95% CI 87.7 to 
89.4), pooled LR+ was 6.2 (95% CI 3.3 to 11.7) 
and pooled LR- was 0.43 (95% CI 0.35 to 0.53); 
none of the scoring systems demonstrated a LR+ 
>10 or a LR- <0.1 using any of the recognized 
cutoffs; patients in CURB-65 group 0 were at 
lowest risk of ICU admission LR- 0.14 (95% CI 
0.06 to 0.34), while the 2001 ATS criteria had 
the highest LR+ 7.05 (95% CI 4.39 to 11.3) 
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Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Fukuyama et 
al32 

(2011) 

III for Q1 Single-center 
prospective, study 
at community 
hospital in Japan 

Patients admitted for 
CAP; evaluated different 
clinical prediction rules to 
predict mechanical 
ventilation, septic shock, 
ICU admission, or 
inpatient mortality  

N=505 with 6.5% inpatient 
mortality; Espana rule: 
sensitivity 97%, specificity 35%; 
PSI (IV-V): sensitivity 93%, 
specificity 31%; A-DROP: 
sensitivity 77%, specificity 60%; 
CURB-65: sensitivity 60%, 
specificity 69%; 2007 
IDSA/ATS: sensitivity 87%, 
specificity 62%; SMART-COP: 
sensitivity 93%, specificity 45%   

Outcome assessment was not 
blinded; cohort only includes 
inpatients and therefore may not 
generalize to ED population 
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Setting & Study 
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Results Limitations & 

Comments 
Espana et al34 

(2006)  
III for Q1 Single-center 

Prospective cohort 
study in Spain 
between March 
2000 and March 
2004 
 
 

Enrolled patients >18 y with 
a pulmonary infiltrate on 
CXR not known to be old 
and with symptoms 
consistent with pneumonia; 
excluded if immune-
compromised; patients with 
an expected terminal event 
(defined as metastatic 
cancer, advanced dementia, 
or a disease or condition 
with a high likelihood of 
predicted fatality during the 
next 30 days, were included; 
from the β parameter 
obtained in the multivariate 
logistic regression models, a 
score was assigned to each 
predictive variable; assessed 
with a derivation and 
validation set; by adding up 
the points assigned to each 
predictive variable, a score 
was given to each patient, 
with a higher score 
corresponding to a higher 
likelihood of SCAP; 
retrospective, external 
validation cohort was 
formed with patients 
admitted to 4 other hospitals 
in the same health network 

N=1,776; of these, 46 episodes were 
classified as an expected terminal 
event at the time of diagnosis; 1,057 
patients were randomly assigned to 
the derivation cohort and 719 to the 
internal validation cohort; the rate of 
SCAP among admitted patients was 
11.5% in the derivation cohort, 9.8% 
in the internal validation cohort, and 
12% in the external cohort; in-
hospital mortality was 9.1%, 8.2%, 
and 9.7%; in multivariate analyses, 
eight independent predictive factors 
were correlated with SCAP: systolic 
blood pressure <90 mm Hg, arterial 
pH <7.30, respiratory rate >30 
breaths/min, blood urea nitrogen >30 
mg/dL, oxygen arterial pressure <54 
mm Hg or Pao2/FIo2 <250 mm Hg, 
altered mental status, age ≥80 y, and 
multi-lobar/bilateral lung infiltrates 
on X-rays; when applying a cutoff 
point of 10 or greater, prediction rule 
showed an AUC of 0.83 for the 
derivation cohort, 0.86 for internal 
validation cohort, and 0.72 for the 
external validation; both m-ATS and 
CURB-65 had low sensitivity (51.3% 
and 68.4%), whereas PSI risk classes 
IV and V and adjusted PSI 
demonstrated poor specificity (68.1% 
and 57.5%) for the derivation cohort, 
trend lessened in the validation 
cohorts 

Unclear if blinded to 
outcome assessments; 
unclear if providers used 
other rules for patient 
disposition 
(incorporation bias); 
unclear how missing data 
were handled, seemingly 
cases were dropped since 
most <5%, however 
some as high as 40% for 
respiratory rate, may 
have impacted results 
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Evidentiary Table (continued). 1058 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Espana et al35 
(2010) 

III for Q1 Multi-center 
retrospective 
cohort study in 
Spain 

Included adult ED 
patients with CAP, the 
majority of whom were 
admitted; outcome: 30-
day mortality; evaluated 
SCAP, PSI, and CURB-
65 rules  

Validation cohort: N=712 with 
6.7% 30-day mortality; SCAP: 
AUC, 0.75 (95% CI 0.68 to 
0.81); CURB-65: AUC, 0.73 
(95% CI 0.66 to 0.80); PSI: 
AUC, 0.79 (95% CI 0.74 to 
0.85) 

Predictor and outcome variables 
were not measured in blinded 
fashion; authors reported that 
study was prospective but did 
not provide sufficient details to 
support this claim  
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Evidentiary Table (continued). 1060 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & 

Comments 
Labarere et 

al37  
(2012)  

III for Q1 Retrospective 
cohort study; 
secondary 
analysis of RCT 
at 6 facilities in 
Switzerland 

Using original data from a 
prospective multicenter RCT 
study of CAP patients, 
external validation of the 
REA-ICU index in predicting 
early ICU admission and 
clinically relevant outcomes 
were undertaken; also 
examined predictive 
performance of pneumonia 
severity assessment tools and 
alternate clinical prediction 
models of SCAP requiring 
intensive care; included 
patients with a definite 
diagnosis of CAP, defined by 
at least 1 respiratory symptom 
plus at least 1 finding during 
auscultation or 1 sign of 
infection, along with a new 
infiltrate on CXR; ineligible if 
unable to give consent, severe 
dementia, active intravascular 
cardiac unit, 
immunosuppression, life 
threatening medical 
comorbidities leading to 
possible imminent death (HAP 
or if hospitalized in prior 14 
days), and patients with 
chronic infection necessitating 
antibiotic treatment 

N=850 patients; 30-day ICU admission 
and mortality rates were 64 of 850 
patients (7.5%) and 40 of 850 patients 
(4.7%); in validation sample, rates of 
early intensive respiratory or vasopressor 
support, 30-day ICU admission, and 30-
day all-cause mortality were 1.5%, 1.8%, 
and 1.5% for patients assigned to REA-
ICU risk class I and 20.7%, 31.0%, and 
20.7% for patients assigned to REA-ICU 
risk class IV; the REA-ICU index 
yielded AUC higher than PSI and 
CURB-65 scores in predicting ICU 
admission and comparable to the 2007 
IDSA⁄ATS minor severity criteria, 
SMART-COP, and SCAP (CURXO-80) 
in predicting early or 30-day outcome 
measures; REA-ICU index and other 
prediction models of severe CAP, did not 
perform better than the PSI and CURB-
65 scores in predicting 30-day mortality; 
none of the clinical prediction models of 
severe CAP and pneumonia severity 
assessment tools yielded a LR+ >10 or a 
LR- <0.1 in predicting early ICU 
admissions; the NPVs ranged from 95% 
for the CURB-65 group 3 to 98% for the 
REA-ICU risk classes II through IV; the 
positive predictive values ranged from 
9% for the PSI risk classes IV and V to 
22% for the presence of 3 or more 2007 
IDSA⁄ATS minor severity criteria 

No clustering 
adjustment for data 
collected from 6 
facilities; criteria for 
confusion not 
validated; no 
assessment of 
reliability of 
predictors; included 
patients with do not 
intubate; unclear 
how the REA-ICU 
and other predictors 
influenced 
disposition 
decisions; using 
ICU admission as a 
proxy for severe 
PNA may be 
confounded by 
other factors   
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Evidentiary Table (continued). 1062 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Marti et al38 
(2012)  

II for Q1 Meta-analysis of 
prospective and 
retrospective 
studies 

Assess performance of 
existing clinical 
prediction rules to 
identify in the ED 
patients with CAP 
requiring ICU admission 
or intensive treatment; 
prospective or 
retrospective studies 
evaluating clinical 
prediction rules in adult 
immunocompetent 
patients with CAP to 
predict the need for ICU 
admission, intensive 
treatment, or early 
mortality (<14 days); the 
evaluation had to be 
performed during the first 
24 h after hospital 
admission; studies 
addressing specific 
patient subgroups based 
on etiology or age were 
excluded; a prediction 
rule was defined as the 
combination of 2 or more 
clinical or biologic 
markers 

N=36 articles included; 
identified 11 main severity 
scores based on 20 variables; 
sufficient data were available to 
perform a meta-analysis on 8; 
PSI: score of ≥IV had a pooled 
sensitivity of 75% and a 
specificity of 48%; a cutoff of V 
increased specificity to 84% and 
decreased sensitivity to 38%; 
ability of PSI to predict ICU 
admission was modest, with 
AUC 0.69; ability predict an 
alternative definition of SCAP, 
including mortality, was 
superior, with a pooled 
sensitivity of 92.4% and 
specificity of 56.2% in 4 cohorts 
of 3,195 patients; CURB-65 was 
studied in 9 cohorts including 
5,773 patients and 479 ICU 
admissions (8.3%); at score ≥3 
pooled sensitivity was 56%, and 
specificity was 74%; 
performance of CURB-65 to 
predict ICU admission was 
similar to PSI with AUC of 0.69; 
ability to predict need for 
ventilation or vasopressors was 
studied in 3 publications 
including 2,951 patients, 264 
requiring ICU; results were 
similar, with a pooled sensitivity 
of 57.2% and specificity of 

Heterogeneity and pooling with 
random effects models, 
sensitivity analyses done when 
there was sufficient data and 
numbers of articles; some data 
are reported and pooled even 
when heterogeneity was unable 
to be assessed; major 
heterogeneity limited validity of 
the meta-analysis; inclusion in 
the studied population of patients 
not at risk for ICU admission 
(patients with therapeutic 
limitations); and use as a 
predictor of a surrogate of the 
outcome (use of mechanical 
ventilation and vasopressors, 
which are universally delivered 
only in an intensive or 
intermediate care unit); ICU 
admission is influenced by ICU 
beds availability, local ICU 
admission policy, or subjectivity 
of the ICU specialists evaluation; 
some rules have been fully 
incorporated in specialist society 
recommendations, influencing 
ICU admission practices – 
incorporation bias; and 
overestimation of their accuracy 
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77.2%; CRB-65: 2 studies 
included 2,078 patients and 122 
ICU patients (5.8%) measured 
ability of CRB-65 to predict ICU 
admission; for score ≥3 pooled 
sensitivity was 34% and 
specificity was 91%; CURB: 
ability to predict ICU admission 
was studied in 4 cohorts of 1,418 
patients and 161 ICU admits 
(12.1%); pooled sensitivity of 
CURB ≥2 to predict ICU 
admission was 76.8% and 
specificity was 68.6%; 2001 
ATS: consists of 2 major 
(mechanical ventilation or 
shock) and 3 minor criteria (BP 
<90 mm Hg, Pao2/FIo2 <250 mm 
Hg, and multilobar involvement 
on CXR); the rule is considered 
positive in the presence of 1 
major or 2 minor criteria; 
identified 8 studies including 
7,116 patients with 908 ICU 
admissions (12.8%); the pooled 
sensitivity was 69.5%, and 
specificity was 90.1%; pooled 
AUC could not be calculated due 
to insufficient data; pooled 
sensitivity was 52.7% and 
specificity was 95.1%; 2007 
ATS/IDSA consists of 2 major 
(mechanical ventilation or 
shock) and 9 minor criteria; rule 
is positive in presence of 1 major 
or 3 minor criteria; 5 
publications evaluated; 2 studies 
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of 2,400 patients and 266 ICU 
patients (11%) validated the 
original rule to predict ICU 
admission; pooled sensitivity 
was 84% and specificity was 
78%; 4 studies evaluated the 
performance of minor criteria in 
a total of 6,412 patients 
including 650 ICU patients 
(10.1%); pooled sensitivity was 
57%, and specificity was 90%; 
SMART-COP: pooled sensitivity 
to predict the need for 
vasopressors or mechanical 
ventilation was 79% and 
specificity was 68%; 2 studies 
evaluated this rule to predict 
ICU admission, with a pooled 
sensitivity of 79% and 
specificity of 64% on 1,567 
patients including 112 ICU 
admissions (7.1%); SCAP score 
pooled performance of this rule 
on 3 cohorts totaling 3,402 
patients (SCAP, 9%) to predict a 
composite definition 
of SCAP (in-hospital death, 
mechanical ventilation, or shock) 
was 92% for sensitivity and 64% 
for specificity; pooled 
performance of the SCAP score 
to predict ICU admission in 2 
recent cohorts was similar in 
terms of sensitivity (94%) but 
lower for specificity (46%) 
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Evidentiary Table (continued). 1064 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Sharp et al41 
(2016)  

III for Q1 Multicenter 
retrospective 
cohort study at14 
Kaiser Permanente 
EDs in Southern 
California from 
July 2009 to June 
2012; 

Report the accuracy of 
CURB-65 at predicting 
30-day mortality for 
groups of ED patients 
that were discharged or 
hospitalized; the primary 
outcome was 30-day all-
cause mortality; eligible 
if age >18 y with primary 
diagnosis of pneumonia 
or primary diagnosis of 
respiratory failure or 
sepsis with pneumonia as 
secondary; excluded if 
diagnosed with 
healthcare-associated 
pneumonia, hospitalized 
in prior 30 days, or 
immunocompromised; 
performance 
characteristics reported 
with AUC, C-statistics, 
sensitivity analyses 

N=21,183 diagnosed with CAP; 
7,952 (37.5%) resulted in ED 
discharge and 13,231 (62.5%) 
resulted in admission; for all ED 
CAP encounters (admitted and 
discharged), the C-statistic, 
describing the accuracy of 
CURB-65 to predict 30-day 
mortality, was 0.76 (95% CI 
0.75 to 0.77); a CURB-65 
threshold of ≥1 (N=13,920), a 
low-risk score that has 
previously been suggested to 
support outpatient management, 
was 92.8% sensitive and 38.0% 
specific for identifying patients 
who died within 30 days; 
CURB-65 was more accurate 
among discharged patients C-
statistic=0.86 (95% CI 0.82 to 
0.91) than admitted patients C-
statistic=0.69 (95% CI 0.67 to 
0.71); CURB-65 threshold of ≥1 
demonstrated higher sensitivity 
(94.8% vs 92.7%) and specificity 
(62.4% vs 22.3%) among those 
discharged (N=6,982) than for 
those admitted (N=6,938) 

Rules have been fully 
incorporated in specialist society 
recommendations, perhaps 
influencing admission practices 
and treatment decisions leading 
to incorporation bias and 
overestimation of accuracy; 
models failed to account for 
clustering; missing data were 
assumed normal or abnormal in 
lieu of multiple imputation 
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Evidentiary Table (continued). 1066 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome  

Measures 
Results Limitations & Comments 

Chen et al42 
(2015) 

III for Q1 Prospective cohort 
study from January 
2012 to May 2014 
at a single 
academic urban 
center ED in China 
with 
approximately 
250,000 ED visits 
per year  
 
 

Objective: investigate the 
predictive performance of lactate, 
CURB-65, and a combination of 
lactate and CURB-65 for mortality, 
hospitalization and ICU admission 
in pneumonia patients in the ED; 
lactate and CURB-65 were defined 
to have three risk classes: low-, 
moderate- and high-risk; the 
CURB-65 risk category thresholds 
matched those proposed in the 
original study: low- (CURB-65 
≤1), moderate- (CURB-65 =2) and 
high-risk (CURB-65 ≥3); lactate 
risk classes were defined as 
follows: low risk (lactate <2 
mmol/L), moderate risk (2 to 4 
mmol/L), and high risk (>4 
mmol/L); the cohort was then 
separated into 3 risk groups 
according to the combination of 
lactate and CURB-65 (LAC-
CURB-65): patients with 2 low 
risks, patients with any moderate 
risk, and those with a high risk; the 
28-day mortality, hospitalization 
and ICU admission were compared 
among the 3 groups; logistic 
regression models used to 
determine AUCs and performance 
characteristics for each risk 
category and outcome 

N=1,641 patients, 861 (53%) 
were hospitalized (38% to a 
general ward, 15% to the 
ICU) while the remaining 
780 (47%) were treated as 
outpatients or observed in 
the ED; 547 of 1,641 
patients (33%) died within 
28 days; lactate and CURB-
65 were higher in patients 
who died, were hospitalized, 
or were admitted to the ICU 
compared with patients who 
were not (P<.001); lactate 
and CURB-65 independently 
predicted outcomes; the 
performance of lactate in 
predicting 28-day mortality, 
hospitalization and ICU 
admission was higher than 
that of CURB-65 (P<.01);  
for LAC-CURB-65, patients 
at low or moderate risk had 
mortality rates of 2% and 
14%, respectively, and 
hospitalization rates of 15% 
and 40%, respectively, while 
none were admitted to ICU; 
patients at high risk had the 
highest mortality (52%), 
hospitalization (70%) and 
ICU admission rates (27%) 

Providers or investigators 
were not blinded to CURB 
scored or outcomes; 
incorporation bias likely 
influenced hospital 
disposition decisions; 
mortality rates high (33%) 
– leading to spectrum bias  
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Evidentiary Table (continued). 1068 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Christ-Crain et 
al43 

(2007)  

III for Q1 Prospective cohort 
study at a single 
academic urban 
center ED in 
Basel, Switzerland 
from November 
2003 through 
February 2005 
 

Primary study objective was 
to determine antibiotic 
duration based on PCT 
guidance; a secondary 
outcome was assessment of 
prognostic factors and 
biomarkers in CAP; patients 
>18 y with suspected CAP 
enrolled; excluded cystic 
fibrosis, active TB, and 
severely immune-
compromised; PCT, CRP 
levels, leukocyte count, 
clinical variables and the PSI 
were measured; proADM 
levels were measured with a 
new immunoassay; CAP 
defined by presence of one or 
more of the following: 
cough, sputum production, 
dyspnea, temperature 
>38.0ºC, rales, WBC >10x 
109/L or <4x109/L, infiltrate 
on CXR; patients were 
followed for 7 wk on average 
in the original study; this 
sub-study validated the use 
of cortisol in the risk 
stratification of CAP; the 
major outcome measures 
were PSI and survival 

N=302 patients; total cortisol 
and free cortisol, but not 
CRP or leukocytes, increased 
with increasing severity of 
CAP according to the PSI 
(P<.001); total cortisol and 
free cortisol levels on 
presentation in patients who 
died during follow-up were 
significantly higher as 
compared with levels in 
survivors; AUC was 0.76 
(95% CI 0.70 to 0.81) for 
total cortisol and 0.69 (95% 
CI 0.63 to 0.74) for free 
cortisol; this was similar to 
the AUC of the PSI 0.76 
(95% CI 0.70 to 0.81), and 
better as compared with 
CRP, PCT, or leukocytes; in 
univariate analysis, the 
predictive potential of total 
cortisol equaled the 
prognostic power of PSI for 
mortality 

No mention of blinded outcome 
assessment; unclear if results 
from laboratory tests and PSI 
scoring impacted disposition 
decisions – incorporation bias; 
preplanned secondary analysis; 
unclear if antibiotic duration was 
impacted by proADM levels; 
unclear how missing data were 
handled; funded by the assay 
company 
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Evidentiary Table (continued). 1070 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Christ-Crain et 
al44 

(2008)  

III for Q1 Prospective cohort 
study at a single 
academic urban 
center ED in 
Basel, Switzerland 
from November 
2003 to February 
2005 
 

Primary study objective was 
to determine antibiotic 
duration based on PCT 
guidance; a secondary 
outcome was assessment of 
prognostic factors and 
biomarkers in CAP; patients 
>18 y with suspected CAP 
enrolled; excluded: cystic 
fibrosis, active pulmonary 
TB, HAP, and the severely 
immunocompromised; PCT, 
CRP levels, leukocyte count, 
clinical variables and the PSI 
were measured; proADM 
levels were measured with a 
new immunoassay; CAP 
defined by presence of one or 
more of the following: 
cough, sputum production, 
dyspnea, temperature 
>38.0ºC, rales, WBC 
>10x109/L or <4x109/L, 
infiltrate on CXR; patients 
were followed for 7 wk on 
average in the original study; 
the major outcome measures 
were PSI and survival; this 
sub-study validated the use 
of B-type natriuretic peptide 
 in the risk stratification of 
CAP 

N=302 patients enrolled; 
patients with mild CAP 
defined as PSI class I, II, or 
III had significantly lower B-
type natriuretic peptide 
 levels as compared to 
patients with severe CAP 
defined as PSI class IV and 
V (P=.018); the combination 
of B-type natriuretic peptide 
 and the PSI significantly 
improved the prognostic 
accuracy of the PSI alone 
(AUC 0.78 vs. 0.71; P=.02) 

No mention of blinded outcome 
assessment; unclear if results 
from laboratory tests and PSI 
scoring impacted disposition 
decisions – incorporation bias; 
preplanned secondary analysis; 
unclear if antibiotic duration was 
impacted by proADM levels; 
unclear how missing data were 
handled; funded by the assay 
company 
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Evidentiary Table (continued). 1072 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & 

Comments 
Lee et al45 

(2011)  
III for Q1 Prospective cohort 

study at single 
academic center in 
Korea between 
April 2008 and 
March 2010 
 
 

Determine association of 
commonly used biochemical 
markers, such as albumin and 
CRP, with mortality and the 
prognostic performance of 
these markers combined with 
the PSI for mortality and 
adverse outcomes in patients 
with CAP; hypothesized 
albumin and CRP would be 
associated with 28-day 
mortality and improve 
mortality prediction in 
hospitalized patients with 
CAP; eligible patients >18 y 
and had a diagnosis of CAP; 
excluded if transferred from 
another hospital, discharged 
from a hospital in prior 10 
days, prior diagnosis of 
pneumonia within 30 days, 
active pulmonary TB, HIV, 
or chronically 
immunosuppressed; primary 
outcome 28-day mortality; 
secondary outcomes, 
vasopressor use, mechanical 
ventilation, ICU admission; 
logistic regression and Cox 
proportional hazards models 
used 

N=424 patients; 28-day mortality was 
13.7%; in patients who were 
categorized into the same PSI class, 
especially PSI classes IV and V, 
mortality was higher in patients who 
had low serum albumin (<3.3 mg/dL) 
or high CRP (≥14.3 mg/dL) than in 
patients who had high serum albumin 
(≥3.3 mg/dL) or low CRP (<14.3 
mg/dL); in patients who had albumin 
less than 3.3 mg/dL mortality was 
significantly higher than in patients 
with albumin 3.3 mg/dL or more 
(22.1% vs 6.8%, P<.05); mortality 
was higher in patients with CRP 14.3 
mg/dL or more than in patients with 
CRP less than 14.3 mg/dL (20.2% vs 
9.2%, P<.05); the AUCs to predict 
28-day mortality was 0.66 (95% CI 
0.60 to 0.72) for albumin, 0.61 (95% 
CI 0.55 to 0.68) for CRP, and 0.76 
(95% CI 0.71 to 0.81) for PSI; the 
AUCs significantly increased when 
albumin or CRP was added to PSI; for 
ICU admission, vasopressor use, or 
need for mechanical ventilation, 
albumin had an additive role with PSI 
(AUC 0.75), but CRP did not; 
however, the combination of albumin, 
CRP, and PSI increased AUC 
significantly (0.76) compared with 
PSI alone (0.70) 

Secondary analysis of 
protocol implementation 
study for PSI; unclear 
how PSI and other tests 
impacted disposition 
decisions – 
incorporation bias; 
unclear how cut points 
were selected; by trial 
and error, theory, or 
optimization algorithms 
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Evidentiary Table (continued). 1074 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Golcuk et al46 
(2015)  

III for Q1 Prospective 
observational 
study at a single-
center in Turkey 
from September 
2013 and July 
2014 

Investigated whether 
MPV is correlated with 
the CURB-65 and 
whether a combination of 
the CURB-65 score with 
MPV could better predict 
the 28-day mortality in 
patients with CAP; 
patients included if >18 y 
old, hospitalized or 
discharged from the ED 
with CAP; excluded those 
immune suppressed, 
pregnant, readmissions, 
HAP, aspiration PNA, 
TB; CAP defined as new 
pulmonary infiltrates on 
chest imaging with 
symptoms consistent with 
PNA including cough 
with or without sputum, 
temperature >38.0ºC or 
<36.0ºC, and/or pleuritic 
chest pain no acquired in 
a hospital; PNA severity 
assessed with CURB-65; 
survival analysis models 
used 

A total of 174 patients (mean 
age, 66.7 ± 15.8 y; 66.1% men) 
with CAP were enrolled in this 
study; all-cause mortality at the 
28-day follow-up evaluation was 
16.1%; a significant and inverse 
correlation between MPV and 
CURB-65 score was found (R=-
0.58, P=.001); optimal MPV 
cutoff for predicting 28-day 
mortality at the time of ED 
admission was 8.55 fL, with a 
75% sensitivity and a 75.3% 
specificity; CURB-65 prediction 
of 28-day mortality, AUC 0.81 
(95%  
CI 0.74 to 0.89); CURB65 and 
MPV 0.89 (95% CI 0.81 to 0.93) 

Unclear how missing data were 
handled; unclear if providers 
were blinded to MPV results or 
study purpose; unclear how 
CURB-65 impacted baseline 
disposition decisions 
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Evidentiary Table (continued). 1076 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Christ-Crain et 
al47 

(2006)  

III for Q1 Prospective cohort 
study at a single 
academic urban 
center ED in 
Basel, Switzerland 
from November 
2003 through 
February 2005 
 

Primary study objective was 
to determine antibiotic 
duration based on PCT 
guidance; a secondary 
outcome was assessment of 
prognostic factors and 
biomarkers in CAP; patients 
>18 y with suspected CAP 
enrolled; excluded: cystic 
fibrosis, active TB, HAP, 
and the severely 
immunocompromised; PCT, 
CRP levels, leukocyte 
count, clinical variables and 
the PSI were measured;  
ProADM levels were 
measured with a new 
immunoassay; CAP defined 
by presence of 1 or more of 
the following: cough, 
sputum production, 
dyspnea, temperature 
>38.0ºC, rales, WBC >10 or 
<4 x 109/L, infiltrate on 
CXR; patients were 
followed for 7 wk on 
average in the original 
study; this substudy 
validated the use of PCT in 
the risk stratification of 
CAP 
 

N=302 patients; proADM 
levels, in contrast to CRP and 
leukocyte count, increased with 
increasing severity of CAP, 
classified according to the PSI 
score (ANOVA, P<.001); in 
patients who died during 
follow-up, proADM levels on 
admission were significantly 
higher compared to levels in 
survivors 2.1 (1.5 to 3.0) versus 
1.0 (0.6 to 1.6) nmol/L, 
P<.001); in receiver operating 
characteristic analysis for 
survival, the AUC for proADM 
was 0.76 (95% CI 0.71 to 0.81), 
which was significantly higher 
compared to PCT (P=.004), 
CRP (P<.001), and total 
leukocyte count (P=.001) and 
similar to the AUC of the PSI 
(0.73, P=.54); a clinical model 
including the PSI and proADM 
increased the prognostic 
accuracy to predict failure 
compared to a model relying on 
the PSI alone AUC 0.77 (0.70 
to 0.84; P=.03) 

No mention of blinded 
outcome assessment; replanned 
secondary analysis; unclear if 
antibiotic duration was 
impacted by proADM levels; 
unclear how missing data were 
handled; funded by the assay 
company 
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Evidentiary Table (continued). 1078 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Courtais et al48 
(2013)  

III for Q1 Prospective cohort 
single center ED in 
France from June 
2009 to July 2010 

Evaluate the prognostic 
value of mid-regional 
proADM in ED patients 
with a diagnosis of CAP 
and to analyze the added 
value of proADM as a 
risk stratification tool in 
comparison with other 
biomarkers and clinical 
severity scores; evaluated 
proADM, CRP and PCT, 
along with the PSI score 
in consecutive CAP 
patients; primary 
outcome 30-day 
mortality; performance 
characteristics assessed 
using receiver operating 
characteristic curve 
analysis, logistic 
regression, and 
reclassification metrics 
for all patients and for 
patients with high PSI 
scores  

N=109; 9 patients died within 30 
days; a 0.58 correlation between 
proADM and PSI was found; 
PSI and proADM levels were 
significantly predictive of risk of 
death; in patients with PSI class 
IV and V (score >90), proADM 
levels significantly predicted risk 
of death (OR 4.68; 
95% CI 1.66 to 20.22), P=.012) 
whereas PSI score did not 
(P=.122); AUC was higher for 
proADM than for PSI score, 
AUC 0.81 (95% CI 0.65 to 0.96) 
and 0.66 (95% CI 0.44 to 0.89), 
respectively; reclassification 
analysis revealed that 
combination of PSI and 
proADM allows a better risk 
assessment than PSI alone 
(P=.001) 

Industry sponsored; too few 
outcomes to support results or 
the analyses that were 
undertaken 
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Evidentiary Table (continued). 1080 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome Measures Results Limitations & Comments 

Huang et al55 
(2009)  

III for Q1 Multicenter 
prospective cohort 
study of 28 
teaching and non-
teaching hospital 
EDS in 
southwestern 
Pennsylvania, 
Connecticut, 
southern 
Michigan, and 
western Tennessee 
between 
November 2001 
and November 
2003 
 

Objective: describe the pattern of 
MR-proADM in a broad CAP 
cohort, confirm its prognostic 
role, and compare its 
performance to PCT; eligible: 
age ≥18 y with clinical and 
radiologic diagnosis of 
pneumonia; excluded if 
transferred from another hospital, 
discharged from hospital in prior 
10 days, diagnosis with 
pneumonia within 30 days, on 
long-term mechanical ventilation, 
history of cystic fibrosis, active 
pulmonary tuberculosis, having a 
known positive HIV antibody 
titer, having alcoholism with 
evidence of end-organ damage, 
admitted for palliative care, 
incarcerated, or pregnant; 
prospectively assessed severity of 
illness using PSI; calculated 
CURB-65 retrospectively using 
altered mental status or a new 
change in Glasgow Coma Scale 
as proxy measures for confusion; 
primary outcome was 30-day 
mortality; secondary outcomes 
included 90-day mortality, length 
of stay, and  ICU admission; 
survival analysis models  

N=1,653 patients; MR-
proADM levels 
consistently rose with 
PSI class and 30-day 
mortality (P<.001); MR-
proADM had a higher 
AUC for 30-day 
mortality than PCT (0.76 
vs 0.65, respectively; 
P<.001); adding MR-
proADM to the PSI in all 
subjects minimally 
improved performance; 
among low-risk subjects 
(PSI classes I to III), 
mortality was low and 
did not differ by MR-
proADM quartile; 
however, among high-
risk subjects (PSI classes 
IV and V; N=546), 
subjects in the highest 
MR-proADM quartile 
(N=232; 42%) had 
higher 30-day mortality 
than those in MR-
proADM quartiles 1 to 3 
(23% vs 9%, 
respectively; P<.0001); 
similar results were seen 
with CURB-65 

Only 71% of patients in the 
larger study cohort had MR-
proADM levels drawn; 
secondary analysis of larger 
study; unclear if providers 
blinded to PCT results during 
hospitalization, though likely 
given methods; unclear if 
mortality results were known by 
data abstractors; multiple 
comparisons and stratifications 
were done without any 
adjustments; industry sponsored 
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Evidentiary Table (continued). 1082 
Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Espana et al56 

(2015)  
III for Q1 Single-center 

prospective cohort 
study in Spain 
from July 2008 to 
July 2009 

Prospective observational 
study in a teaching 
hospital among patients 
with CAP; in addition to 
collecting data for the 
prognostic scales, 
samples were taken at the 
ED for assessing PCT, 
CRP, and proADM 
levels; compared the 
prognostic accuracy of 
biomarkers with severity 
scores to predict 
pneumonia related 
complications, using the 
AUC; classification and 
regression trees analysis 
used to derive prediction 
rules; providers were 
blinded to lab results 
when making disposition 
decisions but may have 
used prediction scores 

N=491 patients with CAP; 256 
admitted to the hospital and 
235 treated as outpatients; 
admitted patients had higher 
biomarker levels than outpatients 
(P<.001); the SCAP score and 
proADM level had the best 
AUCs for predicting pneumonia 
related complications (0.83 and 
0.84, respectively); considering 
SCAP score plus proADM level, 
the AUC increased significantly 
to 0.88; SCAP score class 0 or 1 
with a proADM level <0.5 
ng/mL was the best indicator for 
selecting patients for outpatient 
care 

Unclear how physicians used 
risk scores to impact disposition 
decisions; unclear how missing 
data were handled; industry 
sponsored 
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Evidentiary Table (continued). 1084 
Study & Year 

Published 
Class of 

Evidence 
Setting & 

Study Design 
Methods & Outcome Measures Results Limitations & Comments 

Huang et al57 
(2008)  

III for Q1 Multicenter 
prospective 
cohort study 
of 28 teaching 
and 
nonteaching 
hospital EDs  
in 
southwestern 
Pennsylvania, 
Connecticut, 
southern 
Michigan, and 
western 
Tennessee 
between 
November 
2001 and 
November 
2003 
 

Described the pattern of PCT in 
CAP, and determined if PCT 
provides prognostic information 
beyond PSI and CURB-65; 
eligible: age ≥18 y with clinical 
and radiologic diagnosis of 
pneumonia; excluded if 
transferred from another hospital, 
discharged from hospital in prior 
10 days, diagnosed with 
pneumonia within 30 days, on 
chronic mechanical ventilation, 
history of cystic fibrosis, active 
pulmonary TB, with a known 
positive HIV antibody titer, 
having alcoholism with evidence 
of end-organ damage, admitted 
for palliative care, incarcerated, or 
pregnant; prospectively assessed 
severity of illness using PSI; 
calculated CURB-65 
retrospectively using altered 
mental status or a new change in 
Glasgow Coma Scale as proxy 
measures for confusion; stratified 
PCT into 4 tiers: tier I <0.1, tier II 
≥0.1 to <0.25, tier III ≥0.25 to 
<0.5, and tier IV ≥0.5 ng/mL; 
primary outcome was 30-day 
mortality; secondary outcomes 
included 90-day mortality, length 
of stay, and ICU admission; 
survival analysis models  

N=1,651; PCT levels: tier I 32.8%, 
tier II 21.6%, tier III 10.2%, tier IV 
35.4%; alone test characteristics: 
specificity 35% to 64%, sensitivity 
87% to 92%, LR+ 1.41, and LR- 
0.22; adding PCT to PSI in all 
subjects minimally improved 
performance; adding PCT to low 
risk PSI subjects (Classes I through 
III) provided no additional 
information; subjects in PCT tier I 
had low 30-day mortality regardless 
of clinical risk, including those in 
higher risk classes (1.5% vs 1.6% 
for those in PSI Classes I through 
III vs Classes IV and V); among 
high risk PSI subjects (Classes IV 
and V), 126 of 546 patients (25%) 
were in PCT tier I, and the LR- of 
PCT tier I was 0.09; PCT tier I was 
also associated with lower burden 
of other adverse outcomes; similar 
results were seen with CURB-65 
stratification; results were similar 
with CURB-65: 181 of 825 patients 
(21.9%) of CURB-65 group 2 and 3 
subjects had a PCT level in tier I, 
and mortality was 4 of 181 patients 
(2.2%) vs 89 of 644 patients 
(13.8%) for subjects with PCT 
levels in tier I vs tiers II through IV 
(P<.0001), yielding a LR- for a low 
PCT of 0.18 

Secondary analysis of 
larger study; only 71% had 
PCT levels drawn; unclear 
if providers blinded to pro-
calcitonin results during 
hospitalization, though 
likely given methods; 
unclear if mortality results 
were known by data 
abstractors; multiple 
comparisons and 
stratifications were done 
without any adjustments; 
industry sponsored 
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Evidentiary Table (continued). 1086 
Study & Year 

Published 
Class of 

Evidence 
Setting & 

Study Design 
Methods & Outcome 

Measures 
Results Limitations & 

Comments 
Self et al58 

(2016)  
III for Q1 Multicenter 

prospective 
cohort study 
CDC EPIC 
between 
January 2010 
and June 2012 
 
 

Evaluate the 
association of a single 
serum PCT 
measurement at 
hospital presentation 
with the need for 
intubation for 
respiratory failure or 
vasopressors given for 
shock, IRVS during 
the first 72 h among 
adults hospitalized 
with CAP; also 
evaluated the additive 
value of PCT when 
used in conjunction 
with several existing 
pneumonia severity 
scores; logistic 
regression models, 
AUC analysis, 
performance 
characteristics with 
CIs reported 

N=1,770 patients; 115 patients (6.5%) required 
IRVS within 72 h of hospital presentation; higher 
PCT concentration correlated with increasing 
pneumonia severity at presentation as measured 
by the number of ATS minor criteria present, PSI 
score, and SMART-COP score; addition of PCT 
to each of pneumonia severity score models 
increased the AUC curves; area under the AUC 
curve for the ATS minor criteria alone was 0.75 
and improved to 0.78 when PCT was added; 
addition of PCT represented a significant 
improvement in model fit for IRVS for each 
severity score (likelihood ratio test P<.01 for 
each model); PCT concentration had larger 
contribution to predicting IRVS than any of the 
individual ATS minor criteria; patients classified 
as low risk by the ATS minor criteria (<3 criteria 
present) had a 4.7% (95% CI 3.7% to 5.7%) risk 
of IRVS; PCT <0.05 ng/mL corresponded to a 
2.4% (95% CI 1.7% to 3.4%) IRVS risk, whereas 
a PCT concentration of 10 ng/mL corresponded 
to a 12.0% (95% CI 6.4% to 21.3%) risk; without 
considering PCT, patients classified as high risk 
by the ATS minor criteria (≥3 criteria present) 
had a 29.7% (95% CI 21.7% to 37.6%) risk of 
IRVS; within this high-risk subgroup by ATS 
minor criteria, PCT <0.05 ng/mL was associated 
with a 13.2% (95% CI 9.3% to 18.5%) IRVS 
risk, whereas a PCT concentration of 10 ng/mL 
corresponded to a 36.2% (95% CI 25.0% to 
49.1%) risk; Similar results were found with PSI 
and SMART-COP 

Secondary analysis of 
prospective trial; one of 
many; rules have been 
fully incorporated in 
specialist society 
recommendations, 
perhaps influencing 
ICU admission practices 
and decisions to start 
vasopressors or intubate 
leading to incorporation 
bias; and overestimation 
of accuracy; models 
failed to account for 
clustering 
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Study & Year 

Published 
Class of 
Evidence 

Setting & Study 
Design 

Methods & Outcome 
Measures 

Results Limitations & Comments 

Schuetz et al60 
(2017)  

II for Q2 Cochrane meta-
analysis using 
individual patient level 
data from 26 
randomized controlled 
trials in 12 countries 
and 6,708 patients; 14 
of the trials were in 
the ED including 
3,805 patients 

PCT to initiate or stop 
antibiotics in lower respiratory 
tract infections; primary 
outcomes were all cause 
mortality or 30-day treatment 
failure; secondary outcomes 
included duration of antibiotic 
therapy 

Mortality lower in PCT guided 
therapy 286 of 3,336 PCT guided 
(8.6%) compared to 336 of 3,372 
(10.0%) (adjusted OR, 0.83; 95% 
CI 0.70 to 0.99); no difference in 
treatment failure of PCT guided 
therapy (23% vs 24.9%); lower 
antibiotic utilization (2.43 days 
less) in PCT guided groups 

There was no significant 
difference in outcomes when 
analysis was limited to ED trials; 
heterogeneity of trials; half of 
trials were funded by Thermo 
Fisher, the manufacturer of the 
PCT assay; some caution needs to 
be used in interpreting the OR 
because the absolute mortality 
reduction was 1.4%; because 
physicians used PCT for decision 
making there was no blinding to 
the treatment allocation group; 
lack of high-quality criterion 
standard for bacterial infection 

Schuetz et al61 
(2018)  

II for Q2 Meta-analysis using 
patient level data and 
Cochrane 
methodology; 26 
randomized controlled 
trials, in 12 countries 
and 6,708 patients; 14 
of the trials were in 
the ED including 
3,805 patients 

PCT to initiate or stop 
antibiotics in lower respiratory 
tract infections; outcomes were 
treatment failure or death; 
secondary outcomes included 
duration of antibiotic therapy 

Mortality lower in PCT guided 
therapy (adjusted OR, 0.83; 95% 
CI 0.70 to 0.99); no difference in 
treatment failure of PCT guided 
therapy (23% vs 24.9%); lower 
antibiotic utilization (2.43 days 
less) in PCT guided groups; when 
only including ED based trial the 
finding of mortality benefit was 
no longer statistically significant 

This is the exact same meta-
analysis as the 2017 Cochrane 
review…same 26 articles and 
same 6,708 patients 
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Study & Year 

Published 
Class of 
Evidence 

Setting & Study Design Methods & Outcome 
Measures 

Results Limitations & Comments 

Huang et al62 
(2018) 

II for Q2 Multicenter clinical trial; 
14 emergency departments 
in US 

Adult patients with acute 
lower respiratory infection 
but for whom there was 
uncertainty about use of 
antibiotics; 1:1 
randomization between 
use of PCT assay and 
guideline to aid 
interpretation vs usual 
care; outcomes: total 
antibiotic exposure; 
composite of adverse 
outcomes that could be 
attributed to withholding 
antibiotics 

N=1,656 (826 PCT group; 830 
usual care); PCT levels received 
by clinicians in 95.9% of the PCT 
group and 2.2% of the usual care 
group; no difference in antibiotic 
days between groups (mean 4.2 
vs 4.3 days, respectively; 
difference=-0.5, 95% CI -0.6 to 
0.5; P=.87); no difference in 
adverse outcomes between groups 
(11.7% vs 13.1%, respectively; 
difference=-1.5%, 95% CI -4.6% 
to 1.7%; P<.001 for 
noninferiority) 

Did not directly address whether 
antibiotics could be safely 
withheld on the basis of low PCT; 
approximately 20% lost to 30-day 
follow-up 

Muller et al86 
(2007)  

III for Q2 545 patients with suspected 
lower respiratory tract 
infection; combined patient 
cohorts from 2 previous 
prospective RCTs; Pre-
planned post-hoc analysis 

Comparison of PCT driven 
antibiotics versus standard 
of care; additionally, PCT, 
CRP, and WBC evaluated 
as tools to diagnose and 
prognosticate CAP 
outcomes 

PCT and hsCRP, AUC 0.92 (95% 
CI 0.89 to 0.94) improved the 
AUC for diagnosing pneumonia 
when compared to physical exam 
alone, AUC 0.79 (95% CI 0.75 to 
0.83); PCT was better, AUC 0.88 
(95% CI 0.84 to 0.93) when 
compared to hsCRP, AUC 0.76 
(95% CI 0.69 to 0.83); PCT >0.1 
mcg/L had a 90% sensitivity and 
59% specificity; hsCRP >40 
mg/L had an 89% sensitivity and 
52% specificity; PCT and CRP 
performed best in diagnosis and 
risk stratification of CAP 

Single-center study; combined to 
studies with slightly different 
recruitment inclusion and 
exclusion criteria; pathogen only 
identified by culture in 26% of 
patients leaving criterion standard 
in question; PCR was not 
performed routinely for 
Streptococcus pneumoniae and 
not performed at all for 
Mycoplasma pneumoniae or 
Chlamydia pneumoniae; lack of 
high-quality criterion standard for 
bacterial infection 
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Study & Year 

Published 
Class of 

Evidence 
Setting & Study 

Design 
Methods & Outcome 

Measures 
Results Limitations & Comments 

Rainer et al87 
(2009)  

III for Q2 Single-center 
prospective case-
control study of 561 
adult patients with 
lower respiratory 
tract infection  

Measured the CRP to neopterin 
ratio to predict bacterial 
infection; suspected pneumonia 
was diagnosed clinically based 
on 2 or more of the following 
clinical signs and symptoms: 
fever ≥38ºC, chills, tachypnoea 
≥24 breaths/minute, tachycardia 
≥100 beats/minute, pleuritic 
chest pain, cough, sputum 
production, dyspnea, chest signs 

CRP was elevated above 10 
nmol/L in 94.9% of patients with 
bacterial etiology; CRP was also 
higher in patients with bacterial 
pneumonia vs viral pneumonia 
(177.5 vs 33.1 mg/L; P<.0001); 
neopterin levels were higher in 
viral than in bacterial pneumonia 
(25.2 vs 1.3 nmol/L; P<.0001) 
CRP to neopterin ratio was higher 
in bacterial vs viral pneumonia 
(12.5 vs 1.2 mg/nmol; P<.0001). 
CRP to neopterin ratio ≤0.06 had 
100% sensitivity and 3.7% 
specificity and CRP to neopterin 
ratio of >40 had a sensitivity of 
9.4% and specificity of 100% 

Single-center study; specialized 
test (neopterin) unclear utility in 
the ED; lack of high-quality 
criterion standard for bacterial 
infection; assumed no coexistence 
of viral and bacterial infection 
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AUC, area under the curve; CAP, community-acquired pneumonia; CRP, c-reactive protein; CXR, chest x-ray; dL, deciliter; eCURB, electronic version of CURB-1094 
65; HAP, hospital-acquired pneumonia; h, hour; IRVS, invasive respiratory or ventilator support; L, liter; mg, milligram; mL, milliliter; MPV, mean platelet 1095 
volume; MR-ProADM, midregional pro-adrenomedullin; ng, nanogram; NPV, negative predictive value; nmol, nanomole; OR, odds ratio; PCT, procalcitonin; 1096 
PNA, pneumonia; ProADM, pro-adrenomedullin; PSI, Pneumonia Severity Index; RCT, randomized controlled trial; REI-ICU, risk of early admission to the 1097 
intensive care unit; SCAP, severe community-acquired pneumonia; TB, tuberculosis; US, United States; y, year. 1098 


