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Abstract: 

Severe pneumonia is a common condition encountered by intensive care clinicians. Recent results regarding microbiology, 

diagnosis, and treatment, particularly the care of critically ill patients with acute respiratory failure, are highlighted in this 

article. Comprehensive search through electronic databases; PubMed and Embase for all relevant articles published in 

English language up to the middle of 2022. Despite advances in antimicrobial and life-supporting treatments, severe 

pneumonia remains the leading cause of admission to the intensive care unit (ICU) and death. Immediate and effective 

antimicrobial treatment is necessary. 
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INTRODUCTION: 

The high mortality and morbidity rate attributed to 

severe pneumonia episodes in intensive care unit 
(ICU) patients is a serious concern for clinicians [1,2]. 

During the past several decades, numerous measures 

have been introduced to maximize the prognosis of 

patients with severe lung infections, with a portion of 

these efforts centered on the need to identify and 

predict sickness severity as accurately as possible 

[3,4]. In addition to other clinical scores, the most 

recent Infectious Diseases Society of 

America/American Thoracic Society (IDSA/ATS) 

guidelines have evaluated major and minor criteria 

that appear to best define the severity of community-

acquired pneumonia (CAP) and determine the need for 
ICU admission [5,6]. 

Gram-negative germs remain the leading cause of 

ventilator-associated pneumonia (VAP). In this 

community, Pseudomonas aeruginosa and 

Acinetobacter baumani are among the most common 

isolates. These microorganisms are associated with 

greater mortality rates than other microorganisms 

(71% versus 41% in one study); they typically appear 

in individuals who have been treated with antibiotics; 

and they are frequently resistant to multiple drugs [1]. 

Staphylococcus aureus is now equally prevalent in 
various locations and is associated with 20% to 33% 

of VAP patients. Compared to methicillin-sensitive S. 

aureus, methicillin-resistant strains (MRSA) are 

associated with a greater incidence of bacteremia, 

shock, and mortality (54.5% versus 2.6%, 

respectively) [6]. Similar to P. aeruginosa, past 

antibiotic treatment is a significant risk factor for 

MRSA pneumonia. A greater prevalence of MRSA in 

the community is also cause for concern. In up to forty 

percent of cases, polymicrobial infections can 

complicate therapy. Even though they are uncommon, 

epidemics can develop in hospitals due to polluted 
water (legionellosis), respiratory equipment 

(Pseudomonas), or viral outbreaks. If patients develop 

pneumonia symptoms within the first 48 to 72 hours 

of hospitalization, community-acquired pathogens 

must be examined (early onset VAP) 

VAP risk factors include shock, multiorgan failure, 

progressive respiratory failure, underlying illness that 

is eventually or swiftly deadly, age over 60, supine 

position, and improper or past antibiotic treatment. On 

a ventilator, the risk of developing pneumonia is 

estimated to be roughly 1% every day for the first 30 
days [5]. There are few data about long-term dangers 

beyond this point. 

Notably, these scores were developed for severe CAP 

(SCAP), and their relevance to other categories of 

severe pneumonia must be extrapolated. In addition, it 

may be challenging to determine whether a pneumonia 

is truly community-acquired (CAP), healthcare-

associated (HCAP), or hospital-acquired (HAP). [7,8]. 

ICU-admitted critically sick patients may develop 
severe pneumonia [9] [ventilator-associated 

pneumonia (VAP); nonventilator ICU-acquired 

pneumonia (NV-ICUAP)]. Both nosocomial and 

community-acquired pneumonia can proceed to acute 

respiratory distress syndrome (ARDS) and acute lung 

injury (ALI), which are linked with a death rate of over 

50% [10]. 

 

This review aims to discuss the proper management 

approaches of sever pneumonia for those patients 

admitted to intensive care unit. 

 

DISCUSSION: 

 

 

Agents causing severe pneumonia may vary widely, 

primarily based on demographic and clinical 

characteristics (Table 1). Up to 10% of hospitalized 

CAP patients require severe treatment due to 

respiratory failure necessitating mechanical 

ventilation and/or septic shock [11]. The prevalence of 

microbiologically confirmed CAP among in-patients 

is around 25%, although the proportion of isolated 
pathogens in SCAP may be higher due to the 

availability and extensive use of more accurate 

diagnostic methods in ICU [12,13]. In a recent cohort 

study, Restrepo et al. [1] identified Streptococcus 

pneumoniae, Staphylococcus aureus, and 

Pseudomonas aeruginosa as the most prevalent 

pathogens isolated from patients admitted to the 

intensive care unit (ICU) with severe pneumonia. S. 

pneumoniae, historically known as 'Captain of Men of 

Death' [14], harbors virulence factors that can induce 

an unbalanced systemic inflammatory response 

syndrome (SIRS) responsible for the severity of the 
disease, and this condition has been shown to be 

associated with specific host genotypes [15]. 

Legionella pneumophila is a well-known causative 

agent of SCAP, and immune-mediated 

extrapulmonary involvement [16] is frequently 

documented. Due to its propensity to create several 

virulence factors and protective biofilms [17], the 

mortality rate of Pseudomonas SCAP may be very 

high. S. aureus, the causal agent of SCAP, can be 

isolated from influenza patients. In addition, the rate 

of methicillin resistance among patients with severe 
community-acquired lung infections is steadily 

increasing [18]. 79% of the 128 patients with S. aureus 

CAP investigated by Taneja et al. [19] were 

hospitalized to the intensive care unit, and 24 died. 43 
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individuals showed positive first cultures for 

methicillin-resistant strains [19]. Viruses such as 

adenovirus, respiratory syncytial virus, seasonal 

influenza, and parainfluenza are frequently found in 

respiratory samples, frequently in conjunction with 
mixed bacterial infections. In 214 countries, influenza 

A (H1N1 2009) of swine origin caused 18,000 deaths 

among middle-aged patients (20–40 years), whereas 

obesity and pregnancy revealed to be significant risk 

factors for the development of severe respiratory 

complications (ALI/ARDS) [20]. Other pulmonary 

pathogens, including bacteria, viruses (herpesviruses), 

fungi (Aspergillus spp., Pneumocystis jiroveci, 

particularly in patients with human immunodeficiency 

virus, Cryptococcus neoformans, and endemic 

mycoses), and parasites, may cause respiratory 

insufficiency in immunocompromised patients [21]. 
The true bacterial epidemiology of HCAP remains 

problematic, as approximately fifty percent of these 

pneumonia cases are culture-negative [22]. 

Nonetheless, episodes severe enough to necessitate 

intensive therapy are better documented 

microbiologically and are typically caused by 

multidrug-resistant (MDR) bacteria [23]. A quarter of 

HCAP patients die as a result of the severity of the 

condition [24,25]. Schreiber et al. [26] retrospectively 

studied 190 cases of severe pneumonia (ARDS rate of 

37%) and found that the most frequently isolated 
bacteria in HCAP episodes were methicillin-resistant 

S. aureus (MRSA) and P. aeruginosa. S. pneumoniae 

and S. aureus sensitive to methicillin were the most 

frequently isolated pathogens in SCAP patients. Six 

major MDR bacterial species have been identified as 

HAP/VAP causal agents: S. aureus, P. aeruginosa, 

Klebsiella spp., Escherichia coli, Acinetobacter 

baumannii, and Enterobacter spp. Despite ICU 

admission, the high incidence of medication resistance 

and the presence of several comorbidities are 

responsible for significant fatality rates [27]. Recently, 

Esperatti et al. [28] observed in a large prospective 
cohort of ICU-acquired pneumonia that the causal 

agents (mostly P. aeruginosa and S. aureus) in non-

ventilated patients were identical to those causing 

VAP., with similar mortality rate (42 vs. 36%; P ¼ 

0.4). 

 

TABLE 1: Most common causes of severe pneumonia 

SCAP (mainly drug-susceptible strains) Severe HCAP/HAP/‘late onset’ VAP (mainly 

multidrug-resistant strains) 

● Streptococcus pneumoniae ● Pseudomonas aeruginosa 

● Staphylococcus aureus ● Enterobacteriaceae (Klebsiella pneumoniae; 

Escherichia coli; Enterobacter spp.) 

● Legionella spp. ● Staphylococcus aureus 

● Gram-negative bacilli 

● Virus and fungi (mainly in immmunosuppressed population) 

HAP, hospital-acquired pneumonia; HCAP, healthcare-associated pneumonia; SCAP, severe community-acquired 

pneumonia; SP, severe pneumonia; VAP, ventilator-associated pneumonia. 

 

 

Blood and lower respiratory tract samples for culture 

should be taken from all patients with severe 

pneumonia prior to treatment [29]. In a recent 

retrospective study with 3116 consecutive patients 

with CAP, Falguera et al. [30] created a six-variable 

score for predicting the probability of bacteremia. 

Patients with a score value of at least 2 exhibited a 
bloodstream infection rate between 16 and 63%, 

according to the investigators. Urinary antigen tests to 

detect S. pneumoniae and L. pneumophila infections 

are available [5]. High diagnostic accuracy, fast 

availability of results, and strong performance under 

antibiotic therapy are the primary benefits of their use. 

The Legionella urine antigen test has great specificity 

(0.99), but lower sensitivity (0.74), according to a 

meta-analysis; nonetheless, the authors noted poor 

study quality and publication bias [31]. A recent 

prospective study of 171 adult patients hospitalized 

with CAP (ICU admission, 8%) found that the 

pneumococcal urine antigen test has a sensitivity of 

71% and a specificity of 96% [32]. The diagnostic 

reliability of deep cough-produced sputum and 

nasopharyngeal aspirates is questionable [33] in 
patients with severe pneumonia who have not yet 

received endotracheal intubation (ETI). Noninvasive 

ventilation (NIV) permits fiberoptic bronchoscopy 

(FOB) with bronchoalveolar lavage (BAL) in 

hypoxemic patients with pneumonia without 

increasing the work of breathing during FOB [34,35]. 

Many writers discourage the routine use of 

endotracheal aspirate for microbiological sampling in 

patients undergoing ETI. Protected specimen brushing 
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(PSB) and FOB with BAL or miniBAL (done without 

fiberoptic guiding) are invasive techniques used to 

diagnose severe pneumonia microbiologically in ICU 

patients. Literature-based evidence does not support 

the use of bronchoscopic procedures over 'blind' 
techniques; hence, the decision is solely dependent on 

institutional resources and experience. The Gram stain 

of respiratory samples, which is accessible within a 

few hours, can assist doctors in restricting or 

expanding the antimicrobial spectrum [11]. Current 

research supports the use of quantitative cultures in 

diagnosing bacterial pneumonia in intubated patients 

[36]. Early molecular detection approaches, 

predominantly utilizing polymerase chain reactions 

(PCRs) in real-time, are being developed [37]. 

Regarding the bacterial etiology, multiplex 

amplification assays may discover commonly 
involved species, and in situations of hospital-acquired 

infections, resistance gene targets may also be 

detected [38]. A recent Swedish study from the 

Karolinska University Hospital compared traditional 

diagnostic methods with PCR-based methods in 124 

patients with CAP (6% were treated in the ICU) [38]. 

The scientists discovered that the deployment of this 

molecular method resulted in a greater 

microbiological yield, with S. pneumoniae and 

respiratory viruses coexisting often. Despite the 

potentially immense benefits of PCR-based diagnostic 
procedures (rapidity, sensitivity, and simplicity), there 

are some drawbacks, such as the need for a 

quantitative cutoff to discriminate. 

 

Diagnostic and management approaches:  

The use of invasive vs noninvasive procedures to 

diagnose and whether the invasive approach has a 

demonstrated impact on patient outcome are major 

grounds of debate. Clinical criteria for determining the 

presence or absence of pneumonia have a relatively 

low predictive value, which has sparked the dispute. 

(A) new or worsening infiltrates, (B) fever, (C) 
purulent sputum or tracheal secretions, and (D) 

peripheral leukocytosis or leukopenia were the 

traditional diagnostic criteria for pneumonia. The 

diagnostic threshold for pneumonia is three out of 

four. In the ICU, however, these markers are utilized 

less frequently. Noninfectious causes of fever include 

medications, systemic inflammatory response 

syndrome (SIRS), pulmonary thromboembolic disease 

(PTE), and extrapulmonary infections. Similarly, the 

chest radiograph's sensitivity and specificity may be 

greatly diminished. Pulmonary contusions, aspirated 
blood, pulmonary infarctions, and atelectasis are all 

examples of potentially confusing results. Frequently, 

the quality of portable films is low, which further 

diminishes their utility. Acute lung damage or ARDS 

is a particularly worrisome finding. In an autopsy 

analysis of 47 ARDS patients, Bell et al. [39] found a 

10% false-positive rate for pneumonia and a 62% 

false-negative rate when clinical suspicion was used as 

the diagnostic criterion. In the same study, antibiotic 
response did not predict the presence or absence of 

infection at autopsy. Gram staining and culture of 

endotracheal aspirates cannot differentiate between 

colonization and infection. Standard Gram staining or 

culture has been linked to overtreatment, putting 

patients at risk for infection with highly resistant 

pathogens such as P. aeruginosa or MRSA. 

 

Invasive and noninvasive procedures 

To increase diagnostic accuracy, invasive 

bronchoscopy procedures such as protected specimen 

brushing (PSB) and bronchoalveolar lavage were 
developed (BAL). Bronchoscopy enables one to 

circumvent potential contamination from the upper 

airway and proximal tracheobronchial tree. PSB 

utilizes a microbiologic brush designed to collect 

about 0.1 mL of respiratory secretions. Single or 

double lumen catheters with a wax stopper to prevent 

contamination are available. Under direct 

visualization, the catheter is guided to the target region 

by the working channel. The brush is advanced, 

dislodging the plug, which then evaporates, and 

bronchial secretions of interest are sampled. The brush 
is retracted back into the catheter and then the 

bronchoscope is removed. The brush tip is removed 

with sterile scissors, placed in 1 mL of preservative-

free saline, manually vortexed, and transported to the 

microbiology lab for quantitative culture [39,40]. 

 

Empirical therapy: 

The selection of empiric antibiotic coverage for VAP 

is influenced by suspected pathogens and local 

resistance tendencies. In most series, including the 

comprehensive National Nosocomial Infection 

Surveillance Program data, P. aeruginosa and S. 
aureus are the major causes of VAP. Initial coverage 

must include antimicrobial medicines active against 

these pathogens [40]. 

 

Gram-negative bacilli: The standard treatment for 

pseudomonal pneumonias has been a combination of a 

b-lactam and an aminoglycoside to take advantage of 

the synergistic action of both medications. Known 

issues with aminoglycosides include renal and 

ototoxicity. In order to reduce renal damage while 

retaining antimicrobial activity, once-daily dosage has 
been utilized. This approach exploits the delayed post-

antibiotic action of aminoglycosides on gram-negative 

bacteria. Fluoroquinolones may be substituted for 

aminoglycosides to prevent renal damage in high-risk 
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patients. It has been shown that b-lactams and 

fluoroquinolones exhibit synergistic action in vitro. 

Ciprofloxacin has the strongest activity against P. 

aeruginosa among the currently available 

fluoroquinolones and is the medication of choice in 
this class [41]. 

 

In terms of survival, studies using VAP have failed to 

provide a clear advantage for either monotherapy or 

double coverage. Possible exception is A. baumani, 

which, like Pseudomonas, has a tendency to develop 

resistance during monotherapy. In some 

circumstances, the presence of multi-resistant gram-

negative pathogens in some intensive care units is a 

challenging concern. In such cases, empiric coverage 

may entail the use of two or even three antibiotics in 

order to ensure treatment with an appropriate drug. 
Similar to what is done for tuberculosis, some 

authorities have recommended utilizing multidrug 

therapy to prevent the establishment of resistance. 

There are currently no statistics to support such a 

strategy. In addition, in contrast to outpatient 

tuberculosis treatment, the ICU population is typically 

very unwell, has multiorgan failure, and is more prone 

to pharmaceutical side effects. These patients are also 

taking numerous drugs that can interact in a negative 

way [41]. 

 
Gram-positive organisms have superseded gram-

negative organisms as the most prevalent pathogen in 

certain regions. Gram-positive organisms are 

becoming increasingly widespread as causes of 

nosocomial infection. S. aureus and P. aeruginosa co-

occur in 20% to 30% of all instances of ventilator-

associated pneumonia (VAP). Due to the high 

prevalence of MRSA and its relationship with higher 

morbidity and mortality, empiric coverage with 

vancomycin is required. The rise of resistant 

enterococci explains the reluctance to suggest 

vancomycin for prophylactic usage. There are 
currently isolated instances of staphylococcal isolates 

with low levels of vancomycin resistance. Although 

methicillin-resistant staphylococci are adequately 

treated with bactericidal penicillins, it is sometimes 

feared that vancomycin's therapeutic efficacy in 

treating MRSA is inadequate. Although this may be a 

result of host response rather than the drug itself, there 

is a definite need for new effective anti-MRSA 

medications, particularly if vancomycin resistance 

becomes a clinical reality. For the treatment of severe 

MRSA infections, some experts propose adding 
rifampin or an aminoglycoside to vancomycin. In 

certain clinical scenarios, additional empiric coverage 

may be added, such as anaerobic coverage if large 

aspiration is part of the clinical picture or antiviral or 

legionella coverage in cases of known nosocomial 

epidemics. Response to treatment can vary widely 

amongst patients. It is typical for 48 to 72 hours to pass 

before clinical improvement develops in response to 

successful medication. Initial selection is the most 
significant predictor of survival. Before proclaiming a 

treatment failure, a reasonable amount of time should 

elapse, unless objective proof implicates a novel or 

resistant organism. 

 

CONCLUSION: 

Severe pneumonia is a frequent cause of ICU 

admission. Given the necessity of early 

treatment of critically sick patients, a rapid 

recognition of those illnesses that require ICU 

management is vital. Depending on 

epidemiological and individual risk variables, 
causative agents can vary significantly. Rapid 

microbiological diagnosis is necessary in order 

to avoid incorrect empirical treatment and early 

clinical failures. By applying 

pharmacodynamic/pharmacokinetic criteria, it 

is possible to optimize the efficacy of 

antimicrobials. Few data are available to 

support the use of pharmacological therapies 

other than traditional antibacterial therapy. 

Patients with severe pneumonia often develop 

severe acute respiratory failure needing 
invasive or noninvasive mechanical 

ventilation. Innovative measures, such as 

extracorporeal oxygenation, are currently 

accessible and may represent the treatment of 

the future for a historically prevalent disease.  
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