
ABSTRACT

Hospital-acquired pneumonia (HAP) is a group of nosocomial infections that includes a 
variety of different phenotypes of pneumonia. This heterogeneity, along with the time-
dependent nature of the disease, contributes to the difficulty in determining its exact 
incidence and mortality, despite being one of the most common and lethal hospital acquired 
infections, particularly in critically ill patients. Many cases of infection are sustained by 
multi-drug resistant pathogens and require rapid diagnosis and identification of the 
responsible pathogen and appropriate antibiotic treatment. This review aims to summarize 
the main evidence in the clinical management of HAP, focusing on the identification of 
risk factors, prevention, and innovations in the areas of diagnosis and treatment.
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INTRODUCTION

Hospital acquired pneumonia (HAP) rep-
resents an heterogenous group of severe lung 
parenchyma infections occurring after at least 
48 h from the hospital admission. The term 
HAP refers to both healthcare-acquired pneu-
monia and ventilator-associated pneumonias 
(VAP), with the latter being generally charac-
terized by greater severity and worse progno-
sis1. HAP occurs at a rate of 5-20/1,000 hospital 
admissions, being the second most common 
cause of nosocomial infection yet the first one 
in the intensive care unit (ICU) setting2. The 
development of HAP has been also associated 
to a relevant mortality (from 20 to 70% accord-
ing to different case series) and increment of 
duration of the hospitalization period with 
high costs for the healthcare system3,4. The eti-
ology of HAP varies depending on the hospi-
tal and geographic context but is predominantly 
characterized by nosocomial pathogens. These 
pathogens are often difficult to treat due to the 
prevalence and diversity of multi-drug resis-
tance (MDR) mechanisms and their presence 
has been related to negative outcomes5-7. The 
latest European guidelines for the manage-
ment of nosocomial pneumonia were pub-
lished in 2017, offering recommendations 
based on the evidence available at the time8. 
However, the clinical management of these 
infections has evolved since then and the 
application of the guidelines recently showed 
limited efficacy in the treatment of HAP pre-
senting with septic shock at the time of diag-
nosis9. The introduction of rapid diagnostic 
assays and next-generation antimicrobial 
agents deeply changed the management of 
HAP and VAP, allowing for precision medi-
cine approaches and minimizing the overuse 
of broad-spectrum antibiotics, but the evidence 

supporting the effectiveness of these method-
ologies is still limited10-12. The present review 
aims to outline the complexity and heteroge-
neity of HAP with the objective to summarize 
the knowledge to assist intensive care physi-
cians in the clinical management of these 
infections.

DEFINITION

As previously said, HAP indicates a wide 
group of pulmonary infections including 
different kind of conditions developing after 
48 h in the hospital setting13. HAP is tradi-
tionally categorized in HAP and VAP, how-
ever also other subgroups have been proposed 
by literature.

Some American studies suggested the defini-
tion of healthcare-associated pneumonia in 
patient with the following risk factors: hospi-
talized for at least 2 days within the preceding 
3 months; residents in extended care facilities; 
undergoing chronic infusion therapy or dialy-
sis. It was hypothesized that such patients had 
a high risk to be caused by MDR microorgan-
isms14, however, recent European data found 
substantial similarities in the etiology of HCAP 
and community-acquired pneumonia, chal-
lenging the definition of HCAP itself15.

In recent years, an additional group of patients 
with severe HAP who ultimately require 
mechanical ventilation has been recognized 
and defined as ventilated hospital-acquired 
pneumonia (VHAP)16. Patients with VHAP 
have been shown to be more similar to those 
with VAP in terms of causative agents and 
prognosis and therefore warrant a differenti-
ated clinical management approach8,17-19.



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

107

D. Calabretta et al. Hospital-acquired pneumonia

Another category that has gained importance 
in recent years is ventilator-associated tra-
cheobronchitis (VAT), acquired in the ICU 
and characterized by signs of respiratory 
infection without new radiologic infiltrates20. 
The impact of this condition has been shown 
to be significant in terms of incidence; how-
ever, recent studies suggest an uncertain 
effect of this condition on prognosis and 
argue against the necessity of antibiotic treat-
ment when this pathology is identified in 
intubated patients16,21.

Finally, HAP has historically been defined as 
“early” or “late” depending on the time of 
onset from the admission into the hospital 
setting22,23. A late onset of pneumonia was 
related to the risk of developing infections 
supported by MDRs, however, recent studies 
challenged this classification reporting simi-
lar etiologies in the two different groups7,24. 
This difference has likely been progressively 
lost over time and may be linked to the global 
increase MDR microorganisms, which is 
reshaping the ecological balance within ICUs.

EPIDEMIOLOGY

HAP is a common complication of hospital-
ization, accounting for 22% of all hospital-ac-
quired infections25. In ordinary inpatient 
wards, the average incidence of HAP is esti-
mated at 3 cases/1,000 hospital admissions, 
with a higher risk in elderly patients with 
underlying comorbidities and subjected to 
prior hospitalizations lasting more than 5 
days26. Conversely, most studies on HAP in 
critically ill patients focus on VAP, which 
weighs from 48 to 90% of HAP cases in ICUs27. 
Non-ventilated patients are less likely to 

develop HAP than ventilated patients, with a 
risk of 0.58 cases/1,000 patient-days, against 
an incidence rate ranging from 1.58 and 5.44 
cases/1,000 ventilation days, depending on 
whether invasive or non-invasive ventilation 
is chosen28. These data strongly suggest that 
intubation, rather than ventilation support 
itself, plays a key role in determining HAP 
risk in ICU patients while confirming that the 
incidence in non-ventilated patients is non-
insignificant16.

Globally, VAP affects 9-27% of mechanically 
ventilated patients29, with significant differ-
ences between case series. U.S. hospitals 
report an incidence of 1-2.5 cases/1,000 venti-
lator days30, compared to 18.3 in Europe31, 
and 9-18.5 in Asia, depending on the coun-
try’s income group32. These discrepancies 
reflect varying resource availability and chal-
lenges in establishing a standardized VAP 
definition33. Incidence rates also vary depend-
ing on the underlying medical conditions of 
the patient, with respiratory comorbidities 
such as chronic obstructive pulmonary dis-
ease34, acute respiratory distress syndrome35, 
and severe cases requiring extracorporeal 
membrane oxygenation support36 associated 
with a higher incidence of VAP. While older 
age is generally associated with greater 
comorbidities, age itself does not significantly 
increase VAP incidence rates, unlike male 
gender, active malignant neoplasia, and recent 
major trauma, which are independent risk 
factors within specific age groups37,38.

Mortality due to VAP is difficult to quantify 
because of the time-dependent character of 
this condition, being associated with length 
of stay and days of mechanical ventilation; in 
fact, it is the patients who survive the longest 
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who have the highest risk of developing VAP. 
Moreover, once acquired, VAP delays the 
moment of ICU discharge, consensually 
increasing the overall daily hazard for ICU 
mortality, and death from all causes4. For this 
reason, the mortality for all causes associated 
with VAP ranges between 20% and 50%, 
according to different case series16, while 
mortality directly attributable to it is esti-
mated to be between 9 and 13% according to 
recent meta-analyses39. This discrepancy is 
due to the effect of randomization in reducing 
the impact of time-dependent biases and bet-
ter discriminating between mortality from 
VAP and ICU death from other causes. Inter-
estingly, the highest attributable mortality 
was observed in surgical patients with mid-
range severity scores on admission4. Histori-
cally, VAP mortality is considered higher than 
that of HAP, as the latter includes patients 
who are not critically ill enough to require 
invasive mechanical ventilation40. However, 
in critically ill patients, crude mortality is 
similar between HAP and VAP, suggesting 
that the incidence of HAP is more influenced 
by airway management invasiveness, while 
mortality is mostly related to patient comor-
bidities27. Consistent with this, the highest 
mortality is observed in patients with HAP 
who required intubation because of the infec-
tion (VHAP), as this is a marker of failure to 
contain the infection and pneumonia pro-
gression41.

MICROBIAL ETIOLOGY AND RISK 
FACTORS FOR MDRS

Globally, the most frequently involved patho-
gens in the development of HAP are 
methicillin-resistant Staphylococcus aureus 

(MRSA), Pseudomonas aeruginosa, Klebsiella 
pneumoniae, Escherichia coli, and Acinetobacter 
baumannii42. However, the relative prevalence 
of these microorganisms varies across differ-
ent geographical regions. In the USA, S. aureus 
is by far the most frequently isolated microor-
ganism among HAP patients (40%), P. aerugi-
nosa is the second most common (16-19%, in 
patients with HAP and in those in the VAP 
subgroup, respectively), while E. coli and K. 
pneumoniae are found in 12 and 13% of cases, 
with a slight decrease in E. coli prevalence in 
VAP patients (8.7%)43. In Western Europe44, 
the most frequent pathogens are P. aeruginosa 
(18, 2-17.5%, in patients with HAP and VAP, 
respectively), S. aureus (12.1-12,2%), K. pneumo-
niae (10.3-6,9%), and E. coli (7.5-6,7%). However, 
in ICU patients, infections from Enterobacter 
cloacae (7.3%), Serratia marcescens (7%), and 
other non-fermenting Gram-negative bacilli 
such as Stenotrophomonas maltophilia and A. 
baumannii, responsible for 5.5% and 0.7% of 
VAP cases, respectively, also become signifi-
cant45. In addition, in other geographical areas 
like Eastern Europe, the frequency of infec-
tions from A. baumannii is very high, reaching 
up to 20%46, justifying its inclusion among the 
microorganisms most involved in the etiology 
of HAP42.

In certain patient populations, such as those 
undergoing invasive mechanical ventilation 
or immuno-compromised individuals, viral 
or fungal etiology also becomes important42. 
The latter is a major concern in immunocom-
promised patients, with Aspergillus infection 
being the most common, as its proliferation is 
strongly associated with sustained neutrope-
nia47. Historically, the viruses most involved 
in HAP are the influenza virus and respiratory 
syncytial virus, with adenovirus, rhinovirus, 
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cytomegalovirus, metapneumovirus, and parain-
fluenza virus less commonly involved. Herpes 
simplex virus is also noteworthy. Still, its 
presence in the lower respiratory tract of ICU 
patients is difficult to interpret, as it could 
indicate infection, reactivation due to immu-
nosuppression, or simply contamination from 
the upper respiratory tract37,48. The advent of 
the severe acute respiratory syndrome coro-
navirus 2 pandemic has impacted the inci-
dence of hospital infections, increasing the 
incidence of VAP37. In this context, the most 
identified causative pathogens were 
Gram-negative bacteria from the Enterobacte-
riaceae family and S. aureus among Gram-
positives. In these patients, factors such as 
increased sedation needs, prolonged invasive 
mechanical ventilation, the prone position, 
and immunosuppression caused by COVID-
19 led to an increase in infections from MDR 
pathogens compared to the pre-pandemic 
period, with a particular rise in carbapen-
em-resistant K. pneumoniae and MRSA49.

The impact of MDR HAP is largely influ-
enced by local epidemiology, highlighting 
significant differences in the presence of MDR 
strains between Europe and the USA46. In 
fact, the percentage of MRSA in Western 
Europe is around 16%, while in Eastern Euro-
pean countries and the USA, it reaches 38.6-
40.1%, respectively. Among the Enterobacterales, 
K. pneumoniae is a primary concern due to the 
development of carbapenemases, especially 
in Eastern Europe (23.6%), while the frequency 
of this resistant strain is less common in the 
rest of Europe and the USA, with percentages 
around 1%. The subtype of carbapenemase 
also appears to differ, with a predominance 
of OXA-48 and MBLs in Eastern Europe and 
KPC in other areas. This geographical region 

is also concerning due to the higher preva-
lence of P. aeruginosa and A. baumannii resis-
tant to meropenem, representing 51% and 
90%, respectively46.

In addition to local microbial ecology, the 
likelihood of developing VAP caused by MDR 
pathogens varies depending on several cumu-
lative risk factors, such as the length of hos-
pitalization and ICU stay, the timing of 
invasive ventilatory support, and previous 
exposure to antibiotic treatments50. Typically, 
early-onset VAP, occurring within 4 days of 
initiating ventilatory support, is caused by 
non-MDR microorganisms found in the com-
mon oropharyngeal flora, while late-onset 
VAP is often caused by MDR pathogens42. 
Both the American19 and European8 guide-
lines have aimed to identify the risk factors 
for MDR to guide the empirical treatment of 
HAP but provide different recommendations. 
The American guidelines are more complex, 
distinguishing risk factors for HAP and VAP 
and considering more elements related with 
organ failure defined by a condition of shock, 
acute respiratory distress syndrome, or need 
for continuous renal replacement therapy. In 
contrast, the European guidelines are simpli-
fied, considering only a high prevalence of 
MDR microorganisms (≥ 25%), and the sever-
ity of the patients according to the predicted 
mortality risk and the presence or absence of 
septic shock51. The definition of risk factors 
for MDRs in a life-threatening infection such 
as HAP is crucial to determine an appropriate 
empirical treatment. However, there is no 
conclusive evidence that these criteria are 
actually able to discriminate patients with 
HAP sustained by MDR and a recent study 
suggested that the guidelines’ criteria may be 
lacking of accuracy52. Table 1 shows and 



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

110

BRN Rev. 2025;11(2) 

confronts the risk factors suggested by both 
European and American guidelines for 
HAP53.

DIAGNOSIS

The diagnosis of HAP is based on three key 
elements: the presence of a clinical suspicion3 

supported by imaging evidence of a newly 
detected infiltrate, and a positive microbio-
logical culture test8,19.

Clinical suspicion of infection arises from the 
appearance of at least one of the following: 
temperature > 38°C, alteration in the white 
blood cell count, and in mental status. In this 
case, the presence of at least two ancillary 
criteria such as the appearance of purulent 
endotracheal secretions, dyspnea or tachy-
pnea, rales or bronchial breath sounds, and 
worsening of respiratory exchange54 increase 
the chance of pneumonia. However, none of 
these criteria, either alone or in association 
with evidence of an infiltrate on the chest 

X-ray (CXR), are sufficient to make a diagno-
sis55, as these findings lack sufficient specific-
ity in critically ill patients56. Scores like the 
clinical pulmonary infection score57 aim to 
improve diagnostic accuracy by combining 
clinical, radiographic, and laboratory criteria. 
However, they are more useful for determin-
ing when to safely stop antibiotics58 rather 
than for initiating therapy59, which is why 
current guidelines8,19 do not recommend their 
use for diagnosis.

Conventionally, a CXR is performed when 
pneumonia is suspected to identify new infil-
trates or signs of worsening, although the 
specificity and sensitivity of this test are not 
sufficient to avoid false negatives. In fact, no 
radiographic sign has a diagnostic accuracy > 
68%60. On the other hand, a computed tomog-
raphy scan can identify pneumonia with 
greater sensitivity61 and sometimes assist in 
identifying the causative microorganism62. 
However, due to high costs and increased 
radiation exposure, it cannot be used on a 
large scale63. Recently, several studies have 
assessed the possibility of introducing lung 
ultrasound as an imaging technique, finding 
its sensitivity and specificity in detecting 
pneumonia to be superior to 90%64,65.

In terms of microbiological diagnosis, the 
main variables to consider are the site of sam-
ple acquisition, which can be from the upper 
or lower respiratory tract, and the use of 
quantitative, semi-quantitative, or qualitative 
techniques to support the diagnosis. The 
acquisition of a sample from the lower air-
ways involves invasive techniques, by means 
of fiberoptic bronchoscopy to perform proce-
dures such as bronchial aspirate, protected 
specimen brush, or bronchoalveolar lavage 

Table 1. MDR risk factors considered by American and 
European guidelines to guide the empirical antibiotic 
treatment of HAP

American (IDSA/ATS 2016) European (ERS/ESICM/
ESCMID/ALAT 2017)

Recent exposure to antibiotics Local ecology: prevalence of 
MDR isolates ≥ 25%

Hospitalization period ≥ 5 days Severity:
  Mortality risk ≥15%
 � Presence or absence of 

septic shock

Organ failure severity:
  Shock
  ARDS
Need for CRRT

Severity:
  Mortality risk ≥15%
 � Presence or absence of 

septic shock

HAP: hospital-acquired pneumonia; ARDS: acute respiratory distress 
syndrome; CRRT: continuous renal replacement therapy.
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(BAL). These techniques allow direct visual-
ization of the bronchi and the collection of a 
sufficient sample volume for additional inves-
tigations beyond culture tests, helping to 
reduce inappropriate use of antibiotics. On 
the other hand, the sample acquisition 
requires adequately trained personnel to 
minimize the risk of complications such as 
bleeding, pneumothorax, and barotrauma. 
The acquisition of an endotracheal aspirate is 
quicker and carries fewer complications, 
making it possible for less specialized per-
sonnel to perform it. However, it has a lower 
ability to differentiate between true pneumo-
nia and microbial contamination or tracheo-
bronchitis, posing a risk of unjustified 
antibiotic use66. Since data do not show dif-
ferences in outcomes when either method is 
applied67, international guidelines are not in 
agreement: the European guidelines8 advo-
cate for obtaining a sample using an invasive 
technique, while the American guidelines19 

suggest collecting a sample from the upper 
airways. An intermediate approach between 
these strategies is the mini-BAL, which is per-
formed obtaining a sample theoretically from 
the lower airways but without the use of an 
invasive tool like a bronchoscope. However, 
this technique still carries complications sim-
ilar to those related to bronchoscope use and, 

as it is performed with a blind catheter, does 
not provide full assurance of the site of sam-
ple acquisition68. Finally, quantitative culture 
techniques are more reliable compared to 
qualitative ones, as the patient develops pneu-
monia when a pathogen reach concentrations 
in the lower airways ranging between 103 and 
105 colony forming units/mL, depending on 
the acquiring method chosen69. Diagnostic 
thresholds for each technique are resumed in 
table 2. On the other hand, observation under 
the microscope with Gram staining provides 
quick support for the diagnosis, but its nega-
tive result does not exclude VAP, due to its 
sensitivity and specificity characteristics of 
68% and 95%, respectively70.

To improve the accuracy of diagnostic meth-
ods, various biomarkers have been investi-
gated: procalcitonin (PCT), C-reactive protein 
(CRP), soluble triggering receptor expressed 
on myeloid cells type 1, and the mid-region 
fragment of pro-adrenomedullin53. However, 
none of these are deemed sufficiently reliable 
to be used as a gold standard for the identi-
fication of nosocomial pneumonia. Among 
the investigated factors, CRP appears to be 
the most robust parameter, particularly 
regarding the trend of its curve over time. In 
fact, kinetics of CRP in the days before VAP 

Table 2. Diagnostic threshold and relative performance of different techniques for microbiological diagnosis of HAP72

Characteristic BAS PSB BAL

Diagnostic threshold (UFC/mL) 105 103 10

Sensitivity (%) 76 66 73

Specificity (%) 75 90 82

Relative performance Most sensitive Most specific Most accurate

HAP: hospital-acquired pneumonia; BAS: bronchial aspirate; PSB: protected specimen brush; BAL: bronchoalveolar lavage; UCF: colony-forming unity.
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diagnosis, namely, the slope of CRP, could be 
useful in VAP prediction, since an average 
increase in CRP of 1 mg/dL/day results in a 
62% greater chance of infection when com-
pared with a patient with no CRP increase71.

In recent years, several rapid molecular assays 
have been developed for the diagnosis of 
HAP, aiming to provide rapid pathogen iden-
tification and guide antibiotic treatment72. 
The most commonly used assays are based 
on polymerase chain reaction, allowing for 
the identification of the primary pathogens 
involved in nosocomial pneumonia and their 
main resistance mechanisms in < 1 h73-75. 
These techniques can be applied to any respi-
ratory-derived microbiological sample and 
hold the promise of revolutionizing the 
approach to severe pneumonia and empirical 
treatment due to their high sensitivity and 
specificity. Nonetheless, the use of rapid diag-
nostic assays has also been shown to increase 
the risk of overdiagnosis and overtreatment, 
as they can detect DNA fragments from 
non-viable pathogens76. Several ongoing stud-
ies are currently investigating the impact of 
these techniques on the incidence of negative 
outcomes and their ability to guide antibiotic 
therapy, but no conclusive results are avail-
able yet77.

PATHOGENESIS AND PREVENTION

HAP occurs in debilitated patients who 
remain hospitalized for prolonged periods. 
The pathogenesis of this infection has been 
linked to bacterial translocation processes, 
which take place in these patients due to a 
weakening of the body’s natural defense 

mechanisms. It has been demonstrated that 
the translocation of bacterial species through 
micro-aspiration of material from the diges-
tive tract or bloodstream plays a crucial role 
in the development of pneumonia. Studies on 
the pulmonary dysbiosis occurring in criti-
cally ill patients appear to support this 
mechanism78.

In these cases, deep alterations in the respira-
tory microbiome have been observed in terms 
of absolute increase of the microbial burden, 
loss of biological diversity, and depletion of 
the protective commensal species that consti-
tute the normal microbial flora of the respira-
tory system79. Specifically, there is a 
progressive reduction in biodiversity, allow-
ing the predominant pathogen to increase its 
biomass to the point of causing infection in a 
patient whose immune defenses are simulta-
neously weakened80. Such alterations have 
shown a strong correlation with the develop-
ment of HAP and circumstances that pro-
mote the aspiration of microorganisms from 
the oropharynx or digestive tract to the lower 
airways have been demonstrated to increase 
the likelihood of developing pneumonia81. 
Patients with swallowing impairment, inef-
fective cough reflex, as well as intubated 
patients, are therefore at high risk for the 
onset of HAP. For this reason, invasive 
mechanical ventilation represents a primary 
risk factor for nosocomial pneumonia, due 
to the need for endotracheal intubation, and 
sedative drugs which reduce their ability to 
cough and may lead to the development 
of VAP45.

Therefore, the most effective preventive inter-
ventions are those aimed at avoiding 



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

113

D. Calabretta et al. Hospital-acquired pneumonia

intubation, preferring non-invasive positive 
pressure ventilation strategies or the use of 
high-flow nasal oxygen82,83, as well as those 
aimed at minimizing sedation84,85, when 
applicable. In this context, protocols for light 
sedation obtained through multimodal strat-
egies that favor dexmedetomidine and propo-
fol over benzodiazepines86 and that include 
daily awakening trials for the patient87 are 
also recommended.

However, several other measures have proven 
effective in reducing the incidence of infection, 
although they have not demonstrated the same 
strength in other outcomes, such as the dura-
tion of mechanical ventilation, length of ICU 
stay, the need for antibiotic use, and mortality42. 
This is why the literature on HAP prevention 
appears difficult to interpret. As a result, Amer-
ican19 and European8 guidelines have adopted 
completely different approaches to the topic. 
The American guidelines chose not to issue 
any recommendation, as the Society for Health-
care and Epidemiology of America had already 
expressed on the subject in 2008 and 2014, with 
a further update in 202288; the European guide-
lines, on the other hand, sought to clarify some 
of the preventive measures with greater 
interpretative uncertainty, such as the use of  
0.12-0.2% chlorhexidine in oral care and the use 
of selective oropharyngeal decontamination 
(SOD) and selective digestive decontamination 
(SDD) protocols51.

Indeed, the use of chlorhexidine has been 
associated with a significant reduction in pul-
monary infections without affecting the use 
of antibiotics, length of stay, or ventilation 
times. However, this advantage was accom-
panied by a non-significant increase in 

mortality89,90, possibly due to the microaspi-
ration of small amounts of disinfectant. 
Therefore, in the absence of clear clinical ben-
efits and in the face of a potential increase in 
mortality, European guidelines do not recom-
mend its use. Regarding antibiotic prophy-
laxis with topical application of tobramycin, 
colistin, and amphotericin B in the form of an 
oropharyngeal paste (SOD) and via nasogas-
tric tube, in addition to intravenous adminis-
tration of cefotaxime (SDD), there was a 
reduction in the incidence of pneumonia91 

and mortality92. Therefore, European guide-
lines support the use of these prophylaxes, 
favoring SOD as it does not involve the use 
of intravenous antibiotics. However, to mini-
mize the effects of these treatments on the 
potential emergence of antibiotic resistance, 
their use is recommended in regions where 
the occurrence of resistant strains is < 5%8.

The main measures explored for their poten-
tial role in nosocomial pneumonia prevention 
are resumed in table 3, aimed to provide the 
most comprehensive overview possible on the 
subject. Some of these strategies are included 
within bundles of care, which are sets of dif-
ferent techniques aimed at maximizing the 
reduction of the incidence of HAP, with par-
ticular reference to the subgroup of late-onset 
VAP93. The efficacy of the individual tech-
niques remains debated; however, their com-
bination in bundles of care could be beneficial. 
There is no conclusive evidence about the 
impact on mortality, even given the presence 
of bundle application protocols that differ 
from center to center88. Nevertheless, HAP 
bundles of care’s ability to reduce the duration 
of invasive mechanical ventilation and the 
incidence of HAP has already been observed94.
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TREATMENT

The treatment of HAP/VAP presents a chal-
lenge that requires combining the adminis-
tration of early and appropriate empiric 
therapy that can possibly be de-escalated to 

targeted once microbiological test results are 
available. Nevertheless, delayed and inappro-
priate empirical therapy still remain frequent 
in clinical practice47,95, being strongly cor-
related with the incidence of adverse out-
comes96. For such reason, both American and 

Table 3. Overview of the main preventive strategies for nosocomial pneumonia91

Intervention Quality of 
evidence

Indication Rational

Limit the use of invasive mechanical 
ventilation

High Essential High-flow nasal oxygen and non-invasive positive 
pressure ventilation might represent an alternative 
to invasive mechanical ventilation in absence of 
contraindications

Reduce sedation when possible High Essential Use the minimum necessary sedation, preferring 
multimodal strategies with propofol and dexmedeto-
midine over benzodiazepines, and a light sedation 
protocol with daily interruptions

Change the ventilation circuit only when 
necessary

High Essential Changing the ventilation circuit at scheduled 
intervals has no impact on the incidence of 
pneumonia and leads to an unjustified increase in 
hospital costs

Prioritize enteral nutrition High Essential Enteral nutrition is preferred over parenteral 
nutrition when possible

Oral care of the patient Moderate Essential Daily brushing of the teeth and oral care without 
using chlorhexidine may have a preventive impact 
on pneumonia.

Head of the bed inclined at 30-45° Low Additional Raising the patient’s head reduces microaspiration 
of secretion and the incidence of pneumonia but 
has no impact on mortality

Antibiotic prophylaxis SOD (selective oral 
decontamination) and selective digestive 
decontamination

Moderate Additional The application of prophylaxis is justified in settings 
where the frequency of encountering resistant 
microorganisms is below 5%

Drainage of subglottic secretions Moderate Additional The use of endotracheal tubes that allow for the 
drainage of subglottic secretions positively impacts 
the incidence of VAP, but not other outcomes129 and 
is justified in patients expected to undergo 
intubation for at least 48 h

Early tracheostomy Moderate Additional It reduces the incidence of VAP but not mortality131; 
its application should be evaluated on a case-by-
case basis.

Assessment of the structure and pressure 
of the endotracheal tube cuff

Moderate Not recommended ultrathin polyurethane, tapered endotracheal tube 
cuffs, and automatic cuff pressure control has not 
shown benefits

Stress-ulcer prophylaxis Moderate Contraindicated It does not impact pneumonia but may prevents 
gastrointestinal bleeding

Monitoring of residual gastric volume Moderate Contraindicated The addition of this monitoring has not shown 
greater effectiveness compared to controls140
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European guidelines for HAP/VAP recom-
mend risk-based treatment algorithm to help 
the prescription of an effective empirical  
therapy19,51. The ERS/ESICM/ESCMID/ALAT 
guidelines8, calibrated to the European con-
text, suggest empirical treatment focused on 
the use of narrow-spectrum anti-gram nega-
tive agents as the first line of treatment in 
low-risk patients, with the need to resort to 
MRSA agents or broader-spectrum anti-gram 
negative molecules (anti-pseudomonal agents) 
in case of the presence of risk factors for 
MDRs and/or presence of septic shock at the 
time of diagnosis of pneumonia (Fig. 1).

Table 4 summarizes the recommended treat-
ment options and posology according to the 
2017 ERS/ESICM/ESCMID/ALAT guidelines 
for the management of HAP by Torres et al.

The application of these recommendations 
has recently been shown to be effective in 
reducing the incidence of adverse outcomes 
in a historical cohort of critically ill patients; 
however, it failed to demonstrate any benefit 
in the population of the most severe patients 
that presented septic shock at the time of 
diagnosis9. This lack of efficacy could be 
related to a low statistical power of the study, 
due to an insufficient sample size. However, 
the need for dual anti-pseudomonal coverage, 
on which the recommendations of the Euro-
pean guidelines are based has been ques-
tioned in the last few years and recent 
evidence suggests that it does not result in 
outcome benefits by potentially leading to 
greater microbiome injury and therefore to 
increased risk of adverse events97,98. More-
over, the posology recommended by the 

Figure 1. Treatment algorithm for empirical antibiotics in nosocomial pneumonia. #Low risk for mortality is defined as a ≤ 15% chance of 
dying53, a mortality rate that has been associated with better outcome using monotherapy than combination therapy when treating serious 
infection. HAP: hospital-acquired pneumonia; MDR: multidrug-resistant; MRSA: methicillin-resistant Staphylococcus. HAP: hospital-
acquired pneumonia; MDR: multidrug resistant; MRSA: methicillin-resistant Staphylococcus aureus; VAP: ventilator-associated pneumonia 
(reprinted with permission from Torres et al.19).
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guidelines has also been questioned, espe-
cially in critically ill patients, in whom 
dynamic changes in pharmacokinetics due to 
the underlying disease may require higher 
dosages, with the need for an initial loading 
dose and potential dose reduction in patients 
with hepatic or renal impairment99-101. Since 
the publication of the guidelines, the thera-
peutic management of HAP has, therefore, 
deeply changed due to the gradual introduc-
tion of new evidence from literature, but at 
the same time, a true revolution is underway 
in the management of this pathology, driven 
by the market introduction of rapid microbi-
ological diagnostic tests and novel molecules 
for antibiotic treatment102.

The use of ceftaroline and ceftobiprole has 
shown a good efficacy in Gram-positive respi-
ratory infections of the critical patient, being a 
possible alternative to linezolid and vancomy-
cin for targeted treatment in pneumonia sus-
tained by MRSA103,104. The biggest revolution 
in recent years, however, has involved new 
possibilities for treating infections with 
gram-negative MDR microorganisms105. Cefid-
erocol, as well as the novel associations of 
β-lactams/β-lactamase inhibitors and aztreo-
nam/avibactam, has demonstrated efficacy 
comparable to the treatment regimens recom-
mended by clinical guidelines, allowing for 
the effective treatment of) pathogens present-
ing different mechanisms of antimicrobial 

Table 4. European recommendations for the HAP according to the presence/absence of risk factors

Risk Recommended treatment Recommended posology

Low MDR risk and low mortality risk (≤ 15% 
chance of dying)

Aminopenicillin plus β-lactamase inhibitor or 
second-generation cephalosporin or 
respiratory fluoroquinolone

Amoxicillin-clavulanate 2.2 g × 3
Ampicillin sulbactam 3 g × 3
Cefotaxime 2 g × 3
Ceftriaxone 2 g/day
Levofloxacin 750 mg
Moxifloxacin 400 mg

High MDR risk/ or mortality risk and absence 
of septic shock

Anti-Pseudomonas β-lactams or carbapenems 
or fluoroquinolone
Addition of coverage for MRSA if suspected

Piperacillin/tazobactam 4.5 g × 3
Ceftazidime 2 g × 3
Cefepime 2 g × 2
Imipenem 1 g × 3
Meropenem 1 g × 3
Ciprofloxacin 400 mg × 3
Levofloxacin 50 mg/day
Vancomycin 1 g × 2
Linezolid 600 mg × 2

High MDR risk or mortality risk and presence 
of septic shock 

Anti-Pseudomonas β-lactams or carbapenems 
+ aminoglycoside or fluoroquinolone or if 
Acinetobacter is a possible pathogen
Addition of coverage for MRSA if suspected

Piperacillin/tazobactam 4.5 g × 3
Ceftazidime 2 g × 2
Cefepime 2 g × 2
Imipenem 1 g × 3
Meropenem 1 g × 3
Amikacin 15-20 mg/kg/day
Gentamicin 5-7 mg/kg/day
Tobramycin 1 × 5-7 mg/kg/day 
Ciprofloxacin TDS 400 mg
Levofloxacin 750 mg/day
Colistin 2.5 mg × (1.5 × CrCl + 30) × 2
Vancomycin 1 g × 2
Linezolid 600 mg × 2

MDR: multi-drug resistance, MRSA: methicillin-resistant Staphylococcus aureus.
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resistance106-109. The use of such molecules has 
already modified the approach to severe infec-
tions sustained by the, so called, diffi-
cult-to-treat pathogens, and recently both 
Spanish and European guidelines have 
included them as first lines or alternative treat-
ment options110,111. Table 5 summarizes the 
principal novel drugs that have been approved 
for the treatment of resistant enterobacterales 
and non-fermenting Gram-negative bacteria. 
The mechanisms of action, along with the 
antimicrobial spectrum and the possible mech-
anisms of drug resistance, are reported.

In recent years, the use of inhaled antibiotic 
therapy with colistin and aminoglycosides 
has been proposed for the management of 

intubated patients with HAP/VAP, aiming to 
achieve efficacy at the pulmonary site while 
reducing the risk of systemic side effects and 
cross-resistance associated with these 
drugs112,113. However, the overall quality of 
the available evidence is low and, to date, no 
recommendations can be made for the rou-
tine use of these strategies for the prevention 
and treatment of HAP114,115.

In addition to selecting the appropriate mole-
cule, however, data from the literature empha-
size the importance of developing antimicrobial 
stewardship programs based on knowledge of 
local ecology, risk factors associated with the 
patient’s history, and the appropriate timing of 
antibiotic treatment116,117. This should include 

Table 5. New molecules for the treatment of HAP

Antibiotic Mechanism of action Spectrum of activity Resistance mechanisms

Ceftolozane/tazobactam Fifth-generation cephalosporins + 
classical β-lactamase inhibitors

Broad-spectrum, including 
Pseudomonas aeruginosa

AmpC Ω-loop, PBP3, GalU; OXA-2/10, 
ESBLs, class A and B carbapenemases

Ceftazidime/avibactam Cephalosporins + diazabicycloc-
tanes β-lactamase inhibitors

Broad-spectrum, including 
Pseudomonas aeruginosa

AmpC Ω-loop, MexAB↑, PBP3, GalU; 
OXA-2/10, GES, KPC, class B carbapen-
emases

Imipenem/relebactam Carbapenems + diazabicycloctanes 
β-lactamase inhibitors

Broad-spectrum OprD-, MexAB↑, MexST, ParRS, PBP2, 
PBP1a; Class A and B carbapenemases

Meropenem/vaborbactam Carbapenems + boronic acid 
β-lactamase inhibitors

Broad-spectrum OprD-, MexAB↑, PBP3, GalU; Class A 
and B carbapenemases

Cefiderocol Siderophore cephalosporins Broad-spectrum AmpC Ω-loop, PBP3, GalU; OXA-2/10, 
ESBLs, class A and B carbapenemases

Aztreonam/avibactam Monobactams + diazabicycloc-
tanes β-lactamase inhibitors

Limited-spectrum MexAB↑, PBP3, GalU; ESBLs and class 
A carbapenemases

Cefepime/zidebactam Cephalosporins + diazabicycloc-
tanes β-lactamase and PBP2 
inhibitors

Broad-spectrum MexXY↑, MexAB↑, PBP3, GalU, PBP2; 
ESBLs, class A and B carbapenemases

Cefepime/taniborbactam Cephalosporins + boronic acid 
β-lactamase inhibitors including 
MBLs

Broad-spectrum MexXY↑, MexAB↑

HAP: hospital-acquired pneumonia; PBP: penicillin binding protein; MBL: metallo-β-lactamase; AmpC: ampicillin Class C resistant β-lactamase; GalU: α galactosidase; 
OXA: oxacylline β-lactamase; ESBL: extended-spectrum β-lactamase; Mex: multi-drug efflux resistant mechanism; GES: guiana extended spectrum β-lactamase; KPC: 
Klebsiella pneumoniae carbapenemase; ParRS: Pseudomonas aeruginosa resistance regulator system.
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proper de-escalation from empirical therapy 
and an adequate duration of targeted treat-
ment. It has been demonstrated that a 7-day 
treatment regimen is sufficient for most cases 
of HAP, except for infections caused by MRSA, 
fungi, and complicated infections which may 
require longer treatment periods118. The use of 
unnecessary antibiotic treatment must be 
strictly avoided, as it has been associated with 
the emergence of antimicrobial resistance and 
an increased incidence of adverse clinical out-
comes119,120. Furthermore, the use of inflamma-
tory biomarkers such as CRP and PCT has 
been investigated to guide de-escalation or 
discontinuation of therapy. However, while 
their trends may provide clinicians with 
insights into disease progression, there are no 
clear thresholds for their use in this.

CONCLUSION

The definition of HAP itself includes a multi-
plicity of clinical entities with different epidemi-
ology and prognostic impact. The key challenges 
in its management include identifying risk fac-
tors, ensuring early diagnosis, implementing 
effective preventive strategies, and optimizing 
empirical and targeted antimicrobial therapy. 
The development of knowledge in this area is 
profoundly changing our approach to HAP, yet 
much of the evidence regarding new diagnostic 
and therapeutic possibilities lacks a solid foun-
dation, and future studies will be needed to 
provide for new recommendations.
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Hospital-acquired pneumonia and ventilator-associated pneumonia: a lit-
erature review. Microorganisms. 2024;12:213.

54.	 Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance definition of 
health care-associated infection and criteria for specific types of infections 
in the acute care setting. Am J Infect Control. 2008;36:309-32.

55.	 Klompas M. Does this patient have ventilator-associated pneumonia? 
JAMA. 2007;297:1583-93.

56.	 Tejerina E, Esteban A, Fernández-Segoviano P, Frutos-Vivar F, Aramburu 
J, Ballesteros D, et al. Accuracy of clinical definitions of ventilator-associ-
ated pneumonia: comparison with autopsy findings. J Crit Care. 2010;25:62-
8.

57.	 Pugin J, Auckenthaler R, Mili N, Janssens JP, Lew PD, Suter PM. Diagnosis 
of ventilator-associated pneumonia by bacteriologic analysis of broncho-
scopic and nonbronchoscopic “blind” bronchoalveolar lavage fluid. Am 
Rev Respir Dis. 1991;143:1121-9.

58.	 Singh N, Rogers P, Atwood CW, Wagener MM, Yu VL. Short-course empiric 
antibiotic therapy for patients with pulmonary infiltrates in the intensive 
care unit. A proposed solution for indiscriminate antibiotic prescription. 
Am J Respir Crit Care Med. 2000;162:505-11.

59.	 Luyt CE, Chastre J, Fagon JY. Value of the clinical pulmonary infection 
score for the identification and management of ventilator-associated pneu-
monia. Intensive Care Med. 2004;30:844-52.

60.	 Wunderink RG, Woldenberg LS, Zeiss J, Day CM, Ciemins J, Lacher DA. 
The radiologic diagnosis of autopsy-proven ventilator-associated pneumo-
nia. Chest. 1992;101:458-63.

61.	 Prendki V, Scheffler M, Huttner B, Garin N, Herrmann F, Janssens JP, et al. 
Low-dose computed tomography for the diagnosis of pneumonia in elderly 
patients: a prospective, interventional cohort study. Eur Respir J. 
2018;51:1702375.

62.	 Douglas AP, Smibert OC, Bajel A, Halliday CL, Lavee O, McMullan B, et 
al. Consensus guidelines for the diagnosis and management of invasive 
aspergillosis, 2021. Intern Med J. 2021;51:143-76.

63.	 Brenner DJ, Hall EJ. Computed tomography--an increasing source of radi-
ation exposure. N Engl J Med. 2007;357:2277-84.

64.	 Llamas-Álvarez AM, Tenza-Lozano EM, Latour-Pérez J. Accuracy of lung 
ultrasonography in the diagnosis of pneumonia in adults: systematic 
review and meta-analysis. Chest. 2017;151:374-82.

65.	 Xia Y, Ying Y, Wang S, Li W, Shen H. Effectiveness of lung ultrasonography 
for diagnosis of pneumonia in adults: a systematic review and meta-
analysis. J Thorac Dis. 2016;8:2822-31.

66.	 Johanson WG. Nosocomial respiratory infections with gram-negative 
bacilli. Ann Intern Med. 1972;77:701.

67.	 Berton DC, Kalil AC, Teixeira PJZ. Quantitative versus qualitative cultures 
of respiratory secretions for clinical outcomes in patients with ventilator-as-
sociated pneumonia. Cochrane Database Syst Rev. 2014;2014:CD006482.

68.	 Fujitani S, Yu VL. Diagnosis of ventilator-associated pneumonia: focus on 
nonbronchoscopic techniques (nonbronchoscopic bronchoalveolar lavage, 
including mini-BAL, blinded protected specimen brush, and blinded bron-
chial sampling) and endotracheal aspirates. J Intensive Care Med. 
2006;21:17-21.

69.	 Jourdain B, Novara A, Joly-Guillou ML, Dombret MC, Calvat S, Trouillet 
JL, et al. Role of quantitative cultures of endotracheal aspirates in the 
diagnosis of nosocomial pneumonia. Am J Respir Crit Care Med. 
1995;152:241-6.

70.	 Ranzani OT, Motos A, Chiurazzi C, Ceccato A, Rinaudo M, Li Bassi G, et 
al. Diagnostic accuracy of Gram staining when predicting staphylococcal 
hospital-acquired pneumonia and ventilator-associated pneumonia: a sys-
tematic review and meta-analysis. Clin Microbiol Infect. 2020;26:1456-63.

71.	 Póvoa P, Martin-Loeches I, Ramirez P, Bos LD, Esperatti M, Silvestre J, et 
al. Biomarker kinetics in the prediction of VAP diagnosis: results from the 
BioVAP study. Ann Intensive Care. 2016;6:32.

72.	 Conway Morris A, Gadsby N, McKenna JP, Hellyer TP, Dark P, Singh S, et 
al. 16S pan-bacterial PCR can accurately identify patients with ventila-
tor-associated pneumonia. Thorax. 2017;72:1046-8.

73.	 Paonessa JR, Shah RD, Pickens CI, Lizza BD, Donnelly HK, Malczynski M, 
et al. Rapid detection of methicillin-resistant Staphylococcus aureus in BAL: 
A pilot randomized controlled trial. Chest. 2019;155:999-1007.

74.	 Murphy CN, Fowler R, Balada-Llasat JM, Carroll A, Stone H, Akerele O, 
et al. Multicenter evaluation of the BioFire FilmArray pneumonia/pneu-
monia plus panel for detection and quantification of agents of lower respi-
ratory tract infection. J Clin Microbiol. 2020;58:e00128-20.

75.	 Buchan BW, Windham S, Balada-Llasat JM, Leber A, Harrington A, Relich 
R, et al. Practical comparison of the BioFire FilmArray pneumonia panel 
to routine diagnostic methods and potential impact on antimicrobial stew-
ardship in adult hospitalized patients with lower respiratory tract infec-
tions. J Clin Microbiol. 2020;58:e00135-20.

76.	 Bay P, Fihman V, Woerther PL, Peiffer B, Gendreau S, Arrestier R, et al. 
Performance and impact of rapid multiplex PCR on diagnosis and treat-
ment of ventilated hospital-acquired pneumonia in patients with extend-
ed-spectrum β-lactamase-producing Enterobacterales rectal carriage. Ann 
Intensive Care. 2024;14:118.

77.	 Enne VI, Aydin A, Baldan R, Owen DR, Richardson H, Ricciardi F, et al. 
Multicentre evaluation of two multiplex PCR platforms for the rapid micro-
biological investigation of nosocomial pneumonia in UK ICUs: the INHALE 
WP1 study. Thorax. 2022;77:1220-8.

78.	 Sands KM, Wilson MJ, Lewis MA, Wise MP, Palmer N, Hayes AJ, et al. 
Respiratory pathogen colonization of dental plaque, the lower airways, and 
endotracheal tube biofilms during mechanical ventilation. J Crit Care. 
2017;37:30-7.

79.	 Johnstone J, Meade M, Lauzier F, Marshall J, Duan E, Dionne J, et al. Effect 
of probiotics on incident ventilator-associated pneumonia in critically Ill 
patients: a randomized clinical trial. JAMA. 2021;326:1024-33.

80.	 Roquilly A, Torres A, Villadangos JA, Netea MG, Dickson R, Becher B, et 
al. Pathophysiological role of respiratory dysbiosis in hospital-acquired 
pneumonia. Lancet Respir Med. 2019;7:710-20.

81.	 Zakharkina T, Martin-Loeches I, Matamoros S, Povoa P, Torres A, Kastelijn 
JB, et al. The dynamics of the pulmonary microbiome during mechanical 
ventilation in the intensive care unit and the association with occurrence 
of pneumonia. Thorax. 2017;72:803-10.

82.	 Klompas M. Prevention of intensive care unit-acquired pneumonia. Semin 
Respir Crit Care Med. 2019;40:548-57.

83.	 Sang L, Nong L, Zheng Y, Xu Y, Chen S, Zhang Y, et al. Effect of high-flow 
nasal cannula versus conventional oxygen therapy and non-invasive ven-
tilation for preventing reintubation: a Bayesian network meta-analysis and 
systematic review. J Thorac Dis. 2020;12:3725-36.

84.	 Shehabi Y, Bellomo R, Kadiman S, Ti LK, Howe B, Reade MC, et al. Seda-
tion intensity in the first 48 hours of mechanical ventilation and 180-day 
mortality: a multinational prospective longitudinal cohort study. Crit Care 
Med. 2018;46:850-9.

85.	 Devlin JW, Skrobik Y, Gélinas C, Needham DM, Slooter AJC, Pandhar-
ipande PP, et al. Clinical practice guidelines for the prevention and 
management of pain, agitation/sedation, delirium, immobility, and 
sleep disruption in adult patients in the ICU. Crit Care Med. 2018;46: 
1532-48.

86.	 Ouellette DR, Patel S, Girard TD, Morris PE, Schmidt GA, Truwit JD, et al. 
Liberation from mechanical ventilation in critically ill adults: an official 
American college of chest physicians/American thoracic society clinical 
practice guideline. Chest. 2017;151:166-80.



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

121

D. Calabretta et al. Hospital-acquired pneumonia

87.	 Fraser GL, Devlin JW, Worby CP, Alhazzani W, Barr J, Dasta JF, et al. Ben-
zodiazepine versus nonbenzodiazepine-based sedation for mechanically 
ventilated, critically ill adults. Crit Care Med. 2013;41:S30-8.

88.	 Klompas M, Branson R, Cawcutt K, Crist M, Eichenwald EC, Greene LR, 
et al. Strategies to prevent ventilator-associated pneumonia, ventilator-as-
sociated events, and nonventilator hospital-acquired pneumonia in acute-
care hospitals: 2022 update. Infect Control Hosp Epidemiol. 2022;43:687-713.

89.	 Klompas M, Speck K, Howell MD, Greene LR, Berenholtz SM. Reappraisal 
of routine oral care with chlorhexidine gluconate for patients receiving 
mechanical ventilation: systematic review and meta-analysis. JAMA Intern 
Med. 2014;174:751-61.

90.	 Zhao T, Wu X, Zhang Q, Li C, Worthington HV, Hua F. Oral hygiene care 
for critically ill patients to prevent ventilator-associated pneumonia. 
Cochrane Database Syst Rev. 2020;12:CD008367.

91.	 Li J, Xie D, Li A, Yue J. Oral topical decontamination for preventing venti-
lator-associated pneumonia: a systematic review and meta-analysis of ran-
domized controlled trials. J Hosp Infect. 2013;84:283-93.

92.	 Price R, MacLennan G, Glen J, Collaboration S. Selective digestive or oro-
pharyngeal decontamination and topical oropharyngeal chlorhexidine for 
prevention of death in general intensive care: systematic review and net-
work meta-analysis. BMJ. 2014;348:g2197.

93.	 Burja S, Belec T, Bizjak N, Mori J, Markota A, Sinkovič A. Efficacy of a 
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