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Abstract
Purpose of Review Many new concepts in diagnosis, management, and risk stratification of patients with pneumonia have 
been described recently. The COVID pandemic made importance of viruses as dangerous pathogens of pneumonia quite 
clear while several non-invasive measures for patients with respiratory failure gained a more wide-spread usage.
Recent Findings Studies continue to examine feasibility of bedside ultrasound as a tool in accurate diagnosis of pneumonia 
in the emergency department, and several new antibiotics have been approved for treatment while others are in late-stage 
clinical trials. Additionally, the Infectious Diseases Society, American Thoracic Society, and their European counterparts 
published updated guidelines in recent years. For differences important to emergency medicine clinicians and new emphasis 
as compared to the prior guidelines, please see Table 1. Several new antibiotics have been approved recently but remain 
relatively unknown to emergency clinicians as their use is frequently restricted to infectious disease specialists.
Summary As the emergency physicians gain new tools to rapidly diagnose, treat, and appropriately disposition pneumonia 
cases that appear to become more complex as people unfortunately accumulate more comorbidities, we hope to offer better 
care and improve outcomes for our patients while allowing staff to enjoy coming to work.

Keywords Pneumonia · Guidelines · Emergency

Introduction and Causes

Pneumonia, whether community-acquired or healthcare-
associated, remains an important emergency condition 
with high morbidity and mortality [1, 34]. Known since 
ancient times, its grave prognosis was known to Hippo-
crates, while Osler described it as “the captain of the men 
of death” in pre-antibiotic era [27] and it is still the number 
one cause of death from infectious disease [3]. It accounted 
for approximately one million hospitalizations annually in 
the USA before the current COVID pandemic [3] and its 
incidence continues to rise [1]. Whether protean or sudden 
in onset, pneumonia is one of the leading causes of emer-
gency department visits and hospital admissions [9, 18]. 
While commonly thought of as an acute, short-term dis-
ease, recent studies suggest significant increase in mortality 
over the following 5 years as compared to controls even in 
patients without comorbidities [17]. Cardiovascular compli-
cations, such as acute coronary syndrome, congestive heart 
failure, and arrhythmias, both during the acute phase and for 

weeks and months afterwards are common with bacterial 
and viral pneumonia varieties alike [31••] and COVID-19 
also carries well-described risks of thromboembolism, acute 
cerebrovascular disease, and cardiomyopathy. The precise 
mechanism of these complicating cardiovascular events is 
unclear. Alveoli were long thought to be a sterile place until 
the discovery of normal lung microbiome that can contain 
Streptococcus pneumoniae and Mycoplasma spp [18]. One 
hypothesis is that an antecedent viral infection causes a dys-
biosis allowing the bacterial flora previously harmless to 
cause an invasive disease [18]. Pneumonia can be classi-
fied as community-acquired (non-hospitalized, non-nursing 
home patient, without history of > 2 days hospitalization 
in the prior 3 months, kidney replacement therapy, chemo-
therapy, or presence of a large open wound) [13] although 
new guidelines deemphasize this classification as a base for 
continuing broad-spectrum antibacterial coverage. Hospital-
acquired, and especially ventilator-associated pneumonia, 
and healthcare-associated pneumonia, as well as pneumo-
nia developing after foreign travel to regions with unique 
endemic pathogens, in habitual intravenous drug users, or 
in patients with severe immunodeficiency may require a 
different diagnostic approach and initial antibiotic choice 
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with more broad-spectrum coverage [19••, 28, 34]. While 
Streptococcus pneumonia along with the atypical quartet 
(Mycoplasma pneumoniae, Legionella spp., Chlamydia, and 
Moraxella catarrhalis) remain the most common bacterial 
pathogens in CAP [8, 18], the important roles of viruses 
as the cause, especially of Influenza group during seasonal 
outbreaks, RSV, metapneumoviruses [18], and recently coro-
naviruses, have evolved [5, 33••]. Most cases of severe CAP 
are caused by S. pneumonia, Gram-negative, organisms, 
COVID-SARS-2, or have polymicrobial etiology [20]. When 
MDR organisms cause pneumonia, gram negatives such as 
Pseudomonas aeruginosa, Klebsiella pneumoniae, Acine-
tobacter baumannii, and hospital-acquired MRSA variety 
are the usual culprits [16, 29]. Pseudomonas aeruginosa is 
much more common in North America than in Europe and 
K. pneumoniae is much more prevalent in Asia [29] call-
ing for caution when applying results from studies done in 
different regions. Multiple pathogens are identified in up to 
13% of cases of pneumonia [17, 29]. When viral particles 
are detected in the nasopharynx or sputum of patients with 
pneumonia along with a bacterial pathogen, it is not always 
clear whether this represents a colonization, acute infection, 
or co-infection [17]. It is well known that viral particles can 
persist in airways for weeks after the symptoms of infec-
tion have resolved [18]. Interestingly it appears that many 
respiratory viruses, especially Influenza, parainfluenza, and 
RSV, can modulate ACE receptors in upper airways pre-
disposing the patient to subsequent SARS-COV-2 infection 
[5]. While aspiration is thought to be an important cause of 
CAP, the exact mechanism involved is unknown as up to 
45% of population is documented to aspirate during sleep 
without any consequences [32••]. Recent studies question 
the importance of anaerobic bacteria as pathogens in aspira-
tion community-acquired pneumonia, while Gram-negative 
bacteria are isolated more commonly in this patient popula-
tion [32••]. Timely and appropriate emergency department 
diagnosis, management, and disposition can reduce mortal-
ity and morbidity in patients with pnemonia [1, 4, 11].

Conclusion

Rapid diagnosis of pneumonia enables appropriate triage of 
patients based on expected course and early symptomatic 
and etiologic treatment to improve clinical outcomes.

Diagnosis Update

Diagnosing pneumonia which is defined as an acute infec-
tion of the alveolar lung tissue [3] is often straightforward 
in young, otherwise healthy individuals based on history 
of present illness and physical examination [3, 15]. It has 

been shown in a study from pre-COVID era that otherwise 
healthy adults with respiratory complaints, normal vital 
signs, and normal lung exam have a chance of CAP less 
than 1% during that visit [15]. Older, immunocompromised 
patients are more likely to have an atypical presentation, 
such as an isolated altered mental status, with up to 65% 
lacking the triad of cough, fever, and shortness of breath 
[3], leading to delays in diagnosis. Isolated abdominal pain, 
chest pain, hemoptysis, or vomiting can all be chief pre-
senting complaint in a patient harboring pneumonia [1, 
8]. Radiographic demonstration of lung infiltrate by some 
means is highly desirable to rule out other mimicking con-
ditions and distinguish pneumonia from bronchitis [8]. The 
status of plain two-view chest radiography which has been 
a gold standard for decades in identifying an infiltrate in the 
lungs has been increasingly challenged as both false positive 
and false negatives are common [3, 10]. Field diagnostic 
accuracy of CXR in diagnosis of pneumonia is estimated 
at 65% and ED physicians long understood that CXR find-
ings may be delayed or absent in a patient with the disease 
[3, 21]. While chest CT may be the new gold standard in 
pneumonia diagnosis [21], its routine use for this purpose 
is problematic given associated ionizing radiation, cost, and 
time it takes to complete. As CT is much more sensitive and 
specific in detecting lung infiltrates, several concerns now 
arise. Firstly, is it possible that some patients will be over-
treated as prior studies of antibiotics’ risks and benefits were 
based on evaluating chest X-rays? Secondly, since some of 
what was called pneumonia was not, then these patients may 
not have benefited from receiving antibiotic courses [18]. 
Reassuringly, recent small study suggests that the groups 
diagnosed by CT and X-ray behave similarly in terms of 
complications and the need for admission [17]. In addition 
to being more sensitive and specific, CT can better deline-
ate the pathology allowing the radiologist to comment on 
causative organism, more so than based on CXR [3, 33••]. 
Chest sonography for diagnosing pneumonia or looking for 
an alternative diagnosis is an attractive modality in the emer-
gency department, given its portability and high accuracy 
reported in recent studies reaching 97% [10, 21], and the 
ability of an emergency physician to rapidly learn the pro-
cedure [25]. It can help to detect certain pneumonia mimics, 
such as pneumothorax and pericardial effusion and clue in 
the clinician to the others, such as when McConnell’s sign 
is noted in large pulmonary embolism, or bilateral pleural 
effusions are seen in congestive heart failure. On the other 
hand, as bedside ultrasound performance inevitably entails 
close and prolonged staff exposure to a patient with res-
piratory complaints, the potential of SARS-COV-2 trans-
mission should be kept in mind. A variety of blood tests 
is obtained in sicker and complicated patients worked up 
for pneumonia. Attempts to establish a specific biomarker, 
such as C-reactive protein or procalcitonin to rapidly identify 
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patients not needing aggressive therapy, have not worked so 
far and it is not recommended to guide antibiotics therapy 
based on procalcitonin level [19••]. Interestingly, elderly 
pneumonia patients with decreased total blood cholesterol 
showed increased mortality in a recent study [14]. Patients 
admitted to the hospital with pneumonia commonly develop 
cardiovascular complications [24, 31••] so cardiac biomark-
ers may be helpful in a select group. For pneumonia mimics, 
please see Table 2.

Recognition of Severe CAP in the Emergency 
Department

Pneumonia is a leading cause of death in the USA from 
infectious disease with mortality in admitted patients 
at approximately 6% [3], with most death occurring in 
the elderly and those with comorbidities. In a group of 
patients with CAP, the disease rapidly and at times sud-
denly progresses to a life-threatening organ dysfunction 
[20] typically manifesting as either respiratory failure 
or septic shock [27]. It is recommended that established 
clinical guidelines are used in the emergency department 
to help decide treatment and disposition [2], but adher-
ence to established guidelines varies quite widely among 
individual practitioners [4]. The American Thoracic Soci-
ety and Infectious Diseases Society of America defined 
major and minor criteria for ICU admission in patients 
with pneumonia. Major criteria are straightforward and 
include the need for mechanical ventilation and/or pres-
sors support. Minor criteria originally included tachypnea, 
hypoxia, altered mental status, hypothermia, hypotension, 
multilobar infiltrates, acute kidney injury, leukopenia, and 
thrombocytopenia, with age greater than sixty-five and lac-
tic acidosis suggested as additional important variables 
[27, 30]. Severe CAP can be defined when either one of 
the major or three minor criteria are present [8, 19••]. Of 
note, including patients that require mechanical ventilation 
or vasopressors on admission in a prediction tool for ICU 
versus non-ICU admission makes the prediction tool less 
relevant to the ED doc [30]. In a recent study, when pneu-
monia patients with tachycardia, tachypnea, hypotension, 
hypothermia, or newly altered mental status documented 
on admission went to a non-ICU setting, their mortality 
was almost 50% higher than patients directly admitted to 
ICU [8, 30]. SMART-COP is another validated tool to 
assess the need for ICU admission that adds PaO2, serum 
pH, and serum albumin to the calculation [19••]. Other 
tools to help the clinician recognize severe CAP in need 
of inpatient care but not to guide ICU admission include 
Pneumonia Severity Index (PSI) and CURB65 (confusion, 
blood urea nitrogen, blood pressure, age greater than 65) 
tool. PSI use is favored in current guidelines over CURB65 

in determining the need for admission, although it also 
may underestimate disease severity in younger patients 
[9, 19••]. There have been attempts to incorporate various 
biomarkers, such as procalcitonin and C-reactive protein 
into the decision instruments to predict negative outcomes 
of patients with pneumonia [6]. The authors of a recent 
Korean study found that combining procalcitonin level 
with pneumonia severity index was better at predicting 
short-term mortality than PCI alone [6]. There are studies 
looking at using machine-learning models, using data and 
algorithms helping computer programs to improve over-
time to predict mortality of patients with pneumonia in 
the emergency department [26]. Since pneumonia caused 
by MDRO organisms, such as P. aeruginosa, extended-
spectrum beta-lactamase-producing Enterobacteriaceae, or 
MRSA tends to have a severe course, but is relatively rare, 
there is an interest in identifying patients at risk for this 
malady. For the gram negatives, the residence in a nursing 
home, immune-suppressive therapy, history of coloniza-
tion of infection with the pathogens, systemic antibiotic 
therapy, or hospitalization for longer than 2 days in the 
past 3 months, tube feeding, severe chronic lung disease, 
or tracheostomy increase the risk [22, 23, 30]. For MRSA 
pneumonia, any cerebrovascular disease, dementia, prior 
MRSA colonization or infection, hospital admission within 
the past 30 days, or hemodialysis increase the risk [30]. 
MDcalc web site lists Shorr rule for identifying patients 
with the risk of healthcare-associated MRSA pneumonia 
that also incorporates age older than 79 or younger than 
30, and presence of diabetes mellitus but only in female 
patients. Community-acquired MRSA pneumonia is rare 
but tends to have a malignant course. Rapid progression 
of radiographic findings of pneumonia, gross hemopty-
sis, evidence of lung necrosis, presence of toxic shock, or 
scalded skin syndrome, especially in a patient after recent 
influenza infection or history of MRSA skin lesions, are all 
features suggesting this disease [18]. Both young, other-
wise healthy patients and debilitated old people seem to be 
at risk. While early identification of these patients enables 
appropriate therapy and improves outcomes, inappropri-
ately broad inclusion actually leads to worse outcomes 
and breeds more MDRO [12, 23]. All of these rules were 
developed for assessment of patients with CAP of bacte-
rial etiology and are not for use in patients with severe 
viral CAP where currently some recommendations for the 
level of care exist only for patients with COVID-19. Viral 
pneumonia, depending on the causative organism, com-
monly has a different set of risk factors for severe disease 
development, such as pregnancy for influenza viruses or 
obesity for COVID-SARS-2 and in pre-COVID studies 
up to 30% of patients admitted for viral CAP went to ICU 
[29]. Certain common clinical situations, for example 
pneumonia complicated by acute heart failure, are not 
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covered by existing guidelines [24]. Importantly, none of 
the mentioned decision instruments has been shown to be 
better than an experienced clinician judgment and should 
supplement not replace the one [30].

Treatment of CAP Update

Once the diagnosis of pneumonia is established, the focus 
of the clinician shifts to choosing an appropriate treatment. 
Antibacterial and/or anti-viral agents are chosen as appropri-
ate and various disease-modifying, supportive, or sympto-
matic measures may be needed. If complications develop or 
comorbidities are exacerbated, those need to be managed as 
well. In the ED, the initial antibiotic treatment of bacterial 
pneumonia is empiric in majority of cases. Antibiotic resist-
ance has been impacting available choices for pneumonia 
treatment worldwide for a long time [1]. But the problem of 
resistance is especially difficult for Gram-negative patho-
gens. Limiting broad-spectrum antibiotic use and developing 
new agents are the two main ways that the medical com-
munity is using trying to stay ahead of the game. Amoxicil-
lin in high-dose monotherapy is now considered the treat-
ment of choice for a patient with mild pneumonia and no 
comorbidities, while in a patient with comorbidities who 
is appropriate for outpatient management, amoxicillin/cla-
vulanic acid is recommended [8]. These recommendations 
seem to be based on a study by Postma et al. that showed 
similar outcomes in patient with beta-lactam monotherapy 
or beta-lactam/macrolide combination or respiratory fluo-
roquinolone [30]. A total of 25% of patients enrolled in that 
study did not have a confirmatory chest X-ray however [30]. 
Neither amoxicillin nor amoxicillin/clavulanate combina-
tion is effective against the atypical organisms, so if there 
is a concern for atypical being the culprit, an addition of a 
macrolide or possibly doxycycline is needed. Alternatively, 
a respiratory fluoroquinolone can be used as monotherapy. 
When fluoroquinolones are chosen, a careful risk–benefit 
and drug-drug interaction assessment should be performed 
especially in patients at risk for tendinopathy, cardiac, or 
neurologic complications. Macrolide monotherapy is prob-
lematic due to emerging S. pneumonia resistance [8, 18], 
but it is unique among antibiotics in suppressing exotoxin 
production by S. pneumonia and has beneficial host immu-
nomodulatory effects, making it an important agent in sicker, 
admitted patients. It can still be used as monotherapy if local 

resistance is less than 25% according to the new pneumo-
nia guidelines [19••]. Oral cephalosporins are no longer 
recommended for treatment of pneumonia [8]. Non-ICU 
pneumonia patients that are admitted are usually treated 
with a combination b-lactam and macrolide or respiratory 
fluoroquinolone. Broader spectrum agents may be needed 
if risk factors for Gram-negative pathogens or MRSA 
exist and local hospital epidemiological data indicate their 
prevalence [8, 22]. Patients who are admitted to ICU need 
broad-spectrum antibiotic coverage unless clear clinical or 
epidemiological signs allow for pneumonia etiology to be 
established early [22]. Most patients diagnosed with severe 
viral pneumonia get at least a short course of antibiotics [8, 
30]. Specific anti-viral treatment exists for influenza, and 
arguably SARS-COV-2 disease. Supportive care of patients 
with pneumonia typically revolves around management of 
respiratory failure and septic shock. Pneumonia is the most 
frequent cause of acute respiratory distress syndrome [27] 
and early and frequent assessments of oxygenation are man-
datory in sicker patients [1]. Non-invasive ventilation (NIV) 
is usually the first step in pneumonia patients with respira-
tory failure either as a bridge to endotracheal intubation or as 
a more permanent solution. Especially the use of high-flow 
nasal cannula oxygen therapy, while not novel, became more 
common in this COVID-19 pandemic. It should be noted, 
however, that patients who continue needing either high-
flow nasal cannula or BIPAP for support are at high risk 
of failure of this therapy approaching 50% [11] and require 
frequent re-assessment. Intubation should not be delayed if 
respiratory failure is worsenming [27] mandating an ICU 
level of care for this group of patients even if they initially 
appear relatively stable on NIV and hemodynamic support 
requirement is a strong predictor of NIV failure [11, 27]. 
Pneumonia is also the most common cause of sepsis [27] 
and can present in septic shock requiring fluid resuscitation 
and pressors support as appropriate. Corticosteroids are no 
longer recommended in treatment of pneumonia except as 
needed to treat refractory septic shock [17] or another com-
plication where they are clearly beneficial, such as acute 
concomitant COPD exacerbation. There have been some 
retrospective studies suggesting a reduction in acute cardio-
vascular complications with prophylactic antiplatelet therapy 
in patients with pneumonia [31••] with clopidogrel and tica-
grelor more effective than aspirin [18]. For new antibiotics 
that have been either approved for treatment of pneumonia 
or are in late clinical trials, see Table 3.
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