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Hospital-acquired Pneumonia

• Incidence: 5–40%
• Progressive risk: peak at 5–9 days of MV 
• Metrics depending on setting and diagnostic algorithm
• Microbiological confirmation: strongly recommended; method: controversial
• Prevention: reduction of modifiable & non-modifiable risk factors 
• Treatment duration: 7 days, with caveat
• De-escalation & antibiotic-free days to be implemented 

Cillóniz C et al. BMJ 2021;375:e065871; Papazian L et al. Intensive Care Med 2020;46:888–906.



Definitions
• CDC/NHSH 20081

• CDC 2012
• ECDC-HELICS 20102 Clinical + imaging + microbiology
• CDC/NHSH 2013-2021:3

– VAE: ventilator-associated events;
– VAC: ventilator-associated condition;
– IVAC: infection-related ventilator-associated complication;
– Possible and probable VAP

1. Horan TC et al. Am J Infect Control 2008;36:309–32; 2. Plachouras D et al. Intensive Care Med 2018;44:2216–18; 3.Centres for Disease Control and 
Prevention (2018) National Healthcare Safety Network (NHSN) Patient Safety Component Manual. CDC, Atlanta. Available at: 
https://www.cdc.gov/nhsn/pdfs/pscmanual/pcsmanual_current.pdf (accessed September 2023).

Ventilator-associated events (VAE):
This definition is for use in surveillance; it is not a clinical definition algorithm and is not intended for use 
in the clinical management of patients

https://www.cdc.gov/nhsn/pdfs/pscmanual/pcsmanual_current.pdf


HAP & VAP 
- “Disease Difficult to Characterize” -

No Diagnostic gold standard: Diagnostic Methodology

 Invasive Vs. Non-invasive

 Conventional Vs. fast-track

Algorythms of empiric treatment 

  MRSA, Enterobacterales (ESBL, KPC, NDM) 

 P. aeruginosa, A. baumanni

 



Example of "Progressive Disease" in HAP - VAP
Amani Alnimir Infect Dis Ther 2023



Risk Factors for HAP & VAP
European Vs. US Guidelines

Cillóniz C et al. BMJ 2021;375:e065871.



Risk Factors for HAP & VAP

Zaragoza R et al. Crit Care 2020;24:383.



Etiology of HAP-VAT-VAP (2010–2019)

Zaragoza R et al. Crit Care 2020;24:383.



VAP: Example of Local Epidemiology on Respiratory Isolates

Local epidemiology data. City of Health & Sciences, Turin, Italy, 2019.

Further changes expected with NDM Enterobacterales
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Diagnosis of VAP in Critically Ill Adult Patients: A Systematic Review & Meta-analysis

Fernando SM et al. Intens Care Med 2020;46:1170–9.

Estimates of the performance of physical examination, chest radiography, laboratory values, and CPIS for the diagnosis 
of ventilator-associated pneumonia, relative to reference standard of histopathology from lung biopsy



VAP: Clinical & Microbiological Strategies

Papazian L et al. Intensive Care Med  2020;46:888–906.



“Invasive Microbiology”

Papazian L et al. Intens Care Med 2020;46:888–906.



French Multicenter Study: Clinical Vs. Br-BAL/PSB
Fagon & Chastre, Ann Intern Med 2000; 132: 621

Multicentric RCT of VAP outcomes; 413 pts in 31 ICUs

Clinical Dx (n=204) Vs. Br-PSB/BAL (n=209)

Br-BAL/PSB used to adjust or stop Rx



• Clinical group: Endotracheal Aspirate
– Sterile collection by a suction catheter, vortexed for 1 minute 
  Gram staining and culture

• Invasive group
– PSB or BAL
– One sample: 

 Gram staining of cytocentrifuge preparations 
  % of cells containing intracellular bacteria

– One sample: 
 Quantitative cultures

Microbiological Methodology & Analysis 
Fagon & Chastre, Ann Intern Med 2000; 132: 621
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Empiric Therapeutic Window in VAP
Amani Alnimir Infect Dis Ther 2023



Xu e, et al., Microorganisms. 2021;9(3):534. doi:10.3390/microorganisms9030534



Buchan et al., J Clin Microbiol 58:e00135-20. https://doi.org/ 10.1128/JCM.00135-20

• Targets quantified as 104 copies/ml by the PN panel may frequently be quantified as 103 CFU/ml by routine culture, ie the culture-based limit of detection
• Their clinical significance is largely unreported
• Interpretation should be done in the context of other clinical & laboratory results (e.g., additional pathogens present at high concentrations in the same specimen)
• All bacterial targets reported as 105 CFU/ml in culture were reported as 105 genomic copies/ml by the PN panel

Quantitative Agreement: Bacterial Targets Between PN Panel And SOC

In positive cultures, concordance = 43.6% (34/78)

 Concordance poorest with low bacteria
 Strong bias toward higher semiquantitative 

values, when PN panel is compared to culture

 In case of discordant quantification, the PN panel 
result was higher than that of culture, with 72.2% 
(34/44) of the results exceeding culture 
quantification by >1 log



Early Use of PN Panel  Early Adaptation of Therapy & Reduction of 
Unnecessary Antimicrobial Exposure & in Adult Patients with Pneumonia

Retrospective multicenter study in 4 French University Hospitals.
159 adult patients with a suspicion of CAP, HAP and VAP, with appropriate samples (mainly ETA) available. 30 pts not ICU located

Monard C, et al. Crit Care. 2020;24(1):434. doi:10.1186/s13054-020-03114-y

Assess the impact of PN+ on early adaptation of empirical AB therapy in adult pneumonia patients;
A group of experts (ICU, ID, Lab) examines clinical data and PN+ result to recommend an AB treatment without knowing the culture results for these 
patients. -> simulates the real-life situation of having PN+ results BEFORE culture

ATB treatment would have been changed in 77% of the cases on average (VAP: 87%);
De-escalation of empiric AB therapy would be the predominant treatment change;
Adoption of PN+ would have decreased useof β-lactams from 92% to 82% (‘main treatment’) and β-lactam companion therapies 
from 50% to 31%.



Appropriate Vs. Inappropriate Antimicrobial Therapy:  Mortality, 
Cost-effectiveness & Health-economic Outcomes

Mortality Length of Hospital Stay

Treatment Failure Costs

Rapid diagnostics for early identification of etiology ensure appropriate initial antimicrobial therapy

Bassetti et al., 2020.. Intern. J. of Antimicrobial Agents 56 106184.



VAP: Initial Antibiotic Treatment

Papazian L et al. Intensive Care Med  2020;46:888–906.

MDR Risk Factors 

• Antibiotics: previous 90 days
• Hospital stay >5 days 
• Septic shock at VAP onset
• ARDS prior to VAP onset
• RRT prior to VAP onset
• Previous MDR colonization

*This situation and the corresponding antimicrobial agents are not mentioned in IDSA/ATS guidelines
‡The empirical use should be restricted to patients colonized by specific pathogens (carbapenem-resistant Enterobacteriaceae or extensively drug-resistant P. aeruginosa), according to previous susceptibility testing



US & European Guidelines: Choice of Empiric Treatment

Cillóniz C et al. BMJ 2021;375:e065871.



Treatment Algorithm: Example

vHAP, ventilated hospital-acquired pneumonia

Zaragoza et al. Crit Care 2020;24:383.

Consider colistin 
or cefiderocol

Empirical

Targeted Wide Window for 
the new BL/BLI, 

including 
Cefiderocol



Haddad SF et al. Curr Opin Infect Dis 2022;35:614–620.

Ongoing studies on shorter <8 days treatment of VAP 

• Multinational multicentre study, 460 patients enrolled (November 22, 2023)
• Aims: clinical non-inferiority and superiority of SAT (up to 7 days) vs long antibiotic treatment (LAT)
• NCT03382548: https://clinicaltrials.gov/ct2/show/NCT03382548 

REGARD-VAP trial

• Completed in early 2022 with pending results: 22 patients enrolled
• 4- vs 8-day treatment for early VAP
• NCT01994980: https://clinicaltrials.gov/ct2/show/NCT01994980 

DATE trial (Duration of Antibiotic Treatment for Early VAP)

Duration of Antibiotic Therapy in Gram-negative Infections 
with a Particular Focus on MDR pathogens



Discontinuation of Therapy: IDSA Guidelines

1. Kahil AC et al. Clin Infect Dis 2016:63:e61–111; 2. Torres A et al. Eur Respir J 2017;50:1700582.

Recommendation:

1. For patients with HAP/VAP, we suggest using PCT levels plus clinical criteria to guide the 
discontinuation of antibiotic therapy, rather than clinical criteria alone (weak recommendation, low-
quality evidence)

Remarks:
It is not known if the benefits of using PCT levels to determine whether or not to discontinue antibiotic 
therapy exist in settings where standard antimicrobial therapy for VAP is already 7 days or less 

De-escalation 
Highly recommended

- IDSA & ERS Guidelines -



Respiratory Viruses in Nosocomial Pneumonia: An Evolving Paradigm

Zilberbeg MD et al. Viruses 2023;15:1676.

Nosocomial spread of common respiratory viruses 

• Influenza, respiratory syncytial virus, adenovirus, and rhinovirus
• Especially among immunosuppressed and pediatric patients

Common cause of nosocomial pneumonia

Difficult differential between bacterial & viral infections

Rival or exceed those in bacterial NP

Crude mortality in viral HAP and VAP 

• Rigorous prospective, multicenter trials 
• Studies of novel therapeutics for these viral infections

Current medical needs



Metagenomics for Microbiological Diagnosis of HAP & VAP

Heitz M et al. Resp Research 2023



Metagenomics for Microbiological Diagnosis of HAP & VAP
Heitz M et al. Resp Research 2023



(Early) Sensitivity Vs. (Delayed) Specificity

A. Esame microscopico diretto / (Fast track) / colturale
B. Decidere su quali casi usare Fast-track Microbiology
• Criteri diagnostico-terapeutici
• Protocollo condiviso con microbiologi, intensivisti e pneumologi

C. Fast-track
 -   Escalation (myne)– de-escalation

D. Definite de-escalation "composita" con colturali (CIII?)
E. Integrare uso biomarkers
F. Antibiotic free-days importante misura in ICU



Conclusions

• Choice of clinical / invasive strategy 
• Fast microbiological testing for VAP 

• Potential results in real time to tailor therapy on pathogens and MDR determinants
• Support clinical data

• Local ICU ecology of utmost importance
• Mathematical models and scoring systems 

• Still not sufficiently developed for operational application

• Areas for priority research studies in VAP 
• Clinical utility & implementation of rapid diagnostics 
• Validation of prediction scores in making clinical decisions
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