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Abstract: Sepsis and septic shock are common in critically ill patients and, as recommended by the 

Surviving Sepsis Campaign (SSC), early empiric antimicrobial therapy, specifically within the first 

hour, is crucial for the successful management of these conditions. To be effective, the antimicrobial 

therapy must also be appropriately administered: the drugs should cover the most probable patho-

gens and achieve effective concentrations at the site of infection. However, pharmacokinetics are 

frequently altered in critically ill patients and continuously change since the clinical conditions of 

these patients quickly and markedly change over time, either improving or deteriorating. Accord-

ingly, optimizing antimicrobial drug dosing is fundamental in intensive care units (ICUs). This Spe-

cial Issue of Microorganisms examines the epidemiology, diagnostic innovations, and strategies ap-

plied in the context of infections in critically ill patients with MDR infections. 
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1. Introduction 

In recent years, there has been a notable increase in antimicrobial resistance and 

multi-drug resistance among critically ill patients. Several infections, such as hospital-ac-

quired pneumonia (HAP) and ventilator-associated pneumonia (VAP), are the most com-

mon nosocomial infections in the intensive care unit (ICU) and are responsible for more 

than half of antibiotics prescribed in critical care se�ings. Despite efforts to improve an 

early diagnosis and management of infection, morbidity and mortality rates remain high, 

particularly if a multi-drug resistance (MDR) phenomenon occurs. Multiple factors con-

tribute to determine the onset of MDR, so, for these reasons, an accurate and early identi-

fication of the responsible pathogen is required to implement the appropriate treatment 

that may impact the mortality. 

2. Discussion 

In this Issue, several interesting topics have been addressed regarding the diagnostic 

innovations and the strategies applied in the context of infections in critically ill patients. 

Of particular interest is the overview on the management and diagnosis of nosocom-

ial pneumonia offered by the review included in this Issue [1]. 

Diagnosing HAP or VAP remain a challenge at the bedside for physicians in ICUs. 

Despite the use of a chest X-ray being more common in ICUs, daily routine CXR is no 

longer recommended in ICU patients to assess the evolutive changes and the response to 

treatment. The use of lung ultrasound should be promoted as a tool for diagnosing HAP 

and VAP, particularly when combined with clinical information. 

Nowadays, the traditional aetiologic diagnostic cultures approach fails to detect 

pathogens due to the administration of empirical antibiotics that require approximately 
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from 48 h to 72 h to obtain definitive results from sample acquisition. New strategies need 

to be implemented in order to reduce the pathogen identification time and achieve the 

faster initiation of appropriate treatment or a faster switch to target treatment according 

to antimicrobial stewardship programs [1]. 

The advances in rapid molecular techniques for microbiological confirmation, such 

as rapid syndromic multiplex PCR tests have enhanced the diagnostic armamentarium of 

nosocomial infection. The introduction of the Syndromic Rapid Multi-Pathogen PCR pan-

els has the advantage of identifying multiple targets from a sample in a timely manner. 

Of note, it allows for an early identification of MDR pathogens in order to facilitate en-

hanced infection control practices. The use of these advances for the early detection of 

serious bacterial infections will result in a decrease in antibiotic use and more targeted 

antimicrobial regimens. In addition, they have the potential to change the scene of the 

diagnostic and management approach of NP in the future, improving outcomes, as well 

as contributing to be�er antibiotic stewardship. However, further validations versus tra-

ditional diagnostic techniques are needed to verify their effects on antimicrobial prescrib-

ing, patient outcomes, and resistance. 

During the last decade, new therapeutic options (beta-lactam/beta-lactamase inhibi-

tor) have been approved for HAP and VAP, with positive results for several Gram-nega-

tive bacilli that represent a major problem, especially in the critical care se�ing. Beta-lac-

tams are frequently administered in ICUs; they are one of the safest antibiotics but are not 

without side effects: neurotoxic manifestations occur in 10–15% of ICU patients and renal 

complications increase when they are associated with well-known nephrotoxic drugs such 

as vancomycin [2]. However, the clinicians should evaluate the benefit–risk ratio for the 

efficacy/toxicity of using antibiotics, especially in patients presenting pre-existing kidney 

disease, older patients, or patients with septic shock [2]. In an interesting review, Roger et 

al. [3], focusing on the misdiagnosis of beta-lactam-related adverse events, suggested the 

relevance of therapeutic drug monitoring and how to identify toxicity thresholds may 

help to be�er tailor beta-lactam dosing regimens in ICU patients. Several reports de-

scribed the most common neurotoxic and nephrotoxic adverse events associated with the 

beta-lactam antibiotics routinely used in the ICU se�ing. According to this evidence, mon-

itoring toxicity and antimicrobial resistance is indispensable to accept or refute the ad-

vantage of prolonged infusion of beta-lactam antibiotics in ICUs [3]. 

Ideally, individualized dosing strategies should account for the altered pharmacoki-

netic and pathogen susceptibility in each patient [4]. However, administering the appro-

priate therapy may be challenging in critically ill patients with infectious diseases, due to 

the dynamic and variable fluctuations. Fluid administration, alterations in protein-bind-

ing, and capillary permeability can affect the volume of distribution, while hemodynamic 

resuscitation may result in increased cardiac output and augmented renal clearance, with 

increased drug clearance and subsequent insufficient drug levels to treat less-susceptible 

strains [4]. Altered pharmacokinetics can result in insufficient B-lactams serum concentra-

tions and can lead to treatment failure and increased selection pressure and resistance in 

critically ill patients. 

From COVID-19, we learned that most bacterial infections (between 30% and 50%) 

were developed during ICU and hospital stay but the main mechanism involved in deter-

mining the occurrence of over infections remains unclear [5,6]. The reported incidence of 

MDR bacterial infections in critically ill COVID-19 patients is high; however, MDR infec-

tions are associated with a higher length of stay in ICU [5] and the acquisition rate of MDR 

in ICU patients appears similar during the first wave of COVID-19 compared to the pre-

vious period [7,8]. Interestingly, the analysis performed by Pasero et al. underlines that 

the extensive use of empirical broad-spectrum antimicrobial drugs and steroids treatment 

seem to play a role in developing secondary infections, especially of bacterial origin, with 

a variable rate of resistance [5]. In accordance with this lesson, the empiric antimicrobial 

therapy should be administered following an appropriate stewardship program that bal-

ances the effects and the risks of critically ill patients.  
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Some critically ill patients require extracorporeal membrane oxygenation (ECMO) as 

cardio‒pulmonary support in the case of life-threatening respiratory and/or cardiac fail-

ure. Since the use of ECMO is increasing in ICUs, it has become important to investigate 

whether this method is also able to modify the pharmacokinetics of different drugs. The 

impact of ECMO on the pharmacokinetics of some antimicrobial drugs frequently used in 

ICUs is discussed in this Special Issue [9,10]. 

3. Conclusions 

In conclusion, many new drugs with broad spectrum activity against MDR patho-

gens represent promising options to enhance the antibiotic armamentarium in the clinical 

practice in ICUs. However, due to there being few data regarding the efficacy in practice, 

this require further investigation. The development of “new optimal dosing regimens”, 

based on pharmacokinetics/pharmacodynamic targets could guarantee clinical and mi-

crobiological efficacy, but pharmacokinetics /toxicodynamic targets could also reduce the 

risk of side effects. The use of dosing software may help to achieve these goals. Further 

research is needed to confirm that target a�ainment is be�er. 

Funding: This research received no external funding. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The author declares no conflict of interest. 

References 

1. Xu, E.; Pérez-Torres, D.; Fragkou, P.C.; Zahar, J.-R.; Koulenti, D. Nosocomial Pneumonia in the Era of Multidrug-Resistance: 

Updates in Diagnosis and Management.Microorganisms 2021, 9, 534. h�ps://doi.org/10.3390/ microorganisms9030534 

2. Spadaro S, Berselli A, Fogagnolo A, Capuzzo M, Ragazzi R, Marangoni E, Bertacchini S, Volta CA. Evaluation of a protocol for 

vancomycin administration in critically patients with and without kidney dysfunction. BMC Anesthesiol. 2015 Jun 27;15:95. doi: 

10.1186/s12871-015-0065-1. PMID: 26116239; PMCID: PMC4483208 

3. Roger, C.; Louart, B. Beta-Lactams Toxicity in the Intensive Care Unit: An Underestimated Collateral Damage? Microorganisms 

2021, 9, 1505. h�ps://doi.org/10.3390/microorganisms9071505 

4. Póvoa, P.; Moniz, P.; Pereira, J.G.; Coelho, L. Optimizing Antimicrobial Drug Dosing in Critically Ill Patients. Microorganisms 

2021, 9, 1401. h�ps://doi.org/10.3390/microorganisms9071401 

5. Pasero, D.; Cossu, A.P.; Terragni, P. Multi-Drug Resistance Bacterial Infections in Critically Ill Patients Admi�ed with COVID-

19. Microorganisms 2021, 9, 1773. h�ps://doi.org/10.3390/microorganisms9081773 

6. Cultrera R, Barozzi A, Libanore M, Marangoni E, Pora R, Quarta B, Spadaro S, Ragazzi R, Marra A, Segala D, Volta CA. Co-

Infections in Critically Ill Patients with or without COVID-19: A Comparison of Clinical Microbial Culture Findings. Int J Envi-

ron Res Public Health. 2021 Apr 20;18(8):4358. doi: 10.3390/ijerph18084358. 

7. Bussolati E, Cultrera R, Quaranta A, Cricca V, Marangoni E, La Rosa R, Bertacchini S, Bellonzi A, Ragazzi R, Volta CA, Spadaro 

S, Scaramuzzo G. Effect of the Pandemic Outbreak on ICU-Associated Infections and Antibiotic Prescription Trends in Non-

COVID19 Acute Respiratory Failure Patients. J Clin Med. 2022 Nov 29;11(23):7080. doi: 10.3390/jcm11237080. 

8. Bogossian EG, Taccone FS, Izzi A, Yin N, Garufi A, Hublet S, Njimi H, Ego A, Gorham J, Byl B, Brasseur A, Hites M, Vincent JL, 

Creteur J, Grimaldi D. The Acquisition of Multidrug-Resistant Bacteria in Patients Admi�ed to COVID-19 Intensive Care Units: 

A Monocentric Retrospective Case Control Study. Microorganisms. 2020 Nov 19;8(11):1821. doi: 10.3390/microorgan-

isms8111821. 

9. Gijsen, M.; Dreesen, E.; Annaert, P.; Nicolai, J.; Debaveye, Y.; Wauters, J.; Spriet, I. Meropenem Pharmacokinetics and Target 

A�ainment in Critically Ill Patients Are Not Affected by Extracorporeal Membrane Oxygenation: A Matched Cohort Analysis. 

Microorganisms 2021, 9, 1310. h�ps://doi.org/10.3390/microorganisms9061310. 

10. Van Daele, R.; Bekkers, B.; Lindfors, M.; Broman, L.M.; Schauwvlieghe, A.; Rijnders, B.; Hunfeld, N.G.M.; Juffermans, N.P.; 

Taccone, F.S.; Coimbra Sousa, C.A.; et al. A Large Retrospective Assessment of Voriconazole Exposure in Patients Treated with 

Extracorporeal Membrane Oxygenation. Microorganisms 2021, 9,1543. h�ps://doi.org/10.3390/microorganisms9071543. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 

to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

 


