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Introduction   
Pseudomonas aeruginosa (P. aeruginosa) is a major cause 

of nosocomial infections, particularly bloodstream and 

respiratory infections, with a high mortality rate of up to 

30%1. It has intrinsic resistance to many antimicrobials and 

can quickly develop resistance to most available 

antibiotics2. With the spread of highly resistant strains, the 

risk of inappropriate empiric treatment is increasing, and 

has been correlated with increased mortality, especially in 

severe infections like sepsis3. Difficult to treat (DTR)                     

P. aeruginosa is a recent definition that indicates resistance 

to piperacillin-tazobactam, ceftazidime, cefepime, 

aztreonam, meropenem, imipenem-cilastatin and 

quinolones, and is used in most current guidelines4. 
 

Empirical Antimicrobial Treatment (EAT) 
EAT in severe sepsis should be chosen according to the 

patient’s allergies, comorbidities, primary site of infection, 

prior antibiotic exposure, and most importantly, local 

susceptibility patterns.  

Combination therapy for P. aeruginosa sepsis may decrease 

the risk of inadequate EAT by combining mechanisms of 

action. However, the evidence regarding the efficacy of 

combination EAT is conflicting. While one Cochrane review 

comparing beta lactam monotherapy and combination with 

an aminoglycoside (AG) 

showed similar mortality for 

patients with P. aeruginosa 

sepsis, another recent meta

-analysis evaluating all-

cause mortality showed 

improved survival with 

combination EAT5,6.  
 

Given the rise of 

antimicrobial resistance 

(AMR), combination EAT  should be highly considered in 

cases of severe sepsis to avoid inappropriate EAT7. Two 

different mechanisms of action should be combined, 

typically a backbone beta-lactam and a fluoroquinolone 

(FQ) or preferably, an AG. Prompt de-escalation to 

monotherapy with a narrower spectrum is highly advised 

once susceptibility results are available and source control 

is achieved. 
 

Targeted therapy for P. aeruginosa sepsis 
P. aeruginosa sensitive to first line agents 

First-line beta-lactam agents for P. aeruginosa coverage 

include beta-lactam / beta-lactamase-inhibitor 

combinations (BL/BLI) (piperacillin-tazobactam and 

ticarcillin-clavulanate), antipseudomonal cephalosporins 

(ceftazidime, cefepime and cefoperazone) and 

antipseudomonal carbapenems (doripenem, meropenem, 

imipenem). If possible, cephalosporins should be favoured 

over carbapenems for their higher potency, narrower 

spectrum, and lower tendency to induce resistance8.  

Antipseudomonal AG (gentamicin, tobramycin, amikacin) 

should only be used in combination therapy except for 

urinary tract infections (UTIs)9. Levofloxacin and 

ciprofloxacin are currently the only available oral treatment 

options for P. aeruginosa and should be spared for oral 

transitioning. Emergence of resistance is possible and 

should be highly suspected in patients who worsen despite 

appropriate therapy8.  

 

P. aeruginosa resistant to first line therapy 

P. aeruginosa may acquire resistance to carbapenems 

through various mechanisms such as production of a 

carbapenemase, outer membrane protein modification or 

efflux pumps (Table). The potential of co-resistance to 

multiple first-line agents,  especially, between ceftazidime, 

piperacillin-tazobactam and meropenem is high. In those 

cases, escalation to second-

line agents will likely 

improve outcomes10. 

Second-line agents include 

novel BL-BLI like 

ceftolozane-tazobactam (C/

T), ceftazidime / avibactam 

(CAZ/AVI) and imipenem-

cilastatin/relebactam (IMI/

REL)  or the siderophore 

cephalosporin, cefiderocol2.  

 

C/T has a high affinity to all penicillin-binding proteins (PBP) 

of P. aeruginosa and has been approved for complicated 

intra-abdominal infections (cIAI), UTIs, and hospital-

acquired pneumonia (HAP) including ventilator-associated 

pneumonia (VAP) by both the Food and Drug 

Administration (FDA) and the European Medicines Agency 

(EMA). Favourable outcomes have been reported in clinical 

trials comparing C/T to other agents for P. aeruginosa HAP 

including VAP, cIAI, and UTIs. CAZ/AVI has also been 

approved by the FDA and EMA for the treatment of UTIs, 

cIAI and infections with resistant Gram-negative pathogens. 

C/T and CAZ/AVI have been considered key therapeutic 

agents and have greatly improved outcomes in patients 
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 C/T CAZ/AVI IMP/REL Cefiderocol Plazomicin Fosfomycin Colistin  

Carbapenemase        

     Class A (KPC) No Yes Yes Yes Yes Yes Yes 

     Class B (MBL) No No No Yes Variable Yes Yes 

     Class D (OXA) No Yes No Yes Yes Yes Yes 

OprD  Yes Yes  Yes Yes    

MexAB Yes No Yes Yes    

MexXY Yes No Yes Yes    

 Table 1. Treatment options for Carbapenem-resistant P. aeruginosa according to 
mechanism of resistance. C/T, Ceftolozane-Tazobactam; CAZ/AVI, Ceftazidime-
avibactam; IMP/REL, Imipenem-cilastatin-relebactam 
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with DTR P. aeruginosa. However, resistance to them has 

started emerging11.  

The European Society of Clinical Microbiology and 

Infectious Diseases (ESCMID) suggest treatment with C/T 

as the single first choice for severe DTR pseudomonal 

infections like severe sepsis12. IDSA recommends 

treatment with either C/T, CAZ/AVI, or imipenem/

relebactam for DTR P. aeruginosa infections outside the 

urinary tract4. Although C/T is favoured over CAZ/AVI for P. 

aeruginosa, susceptibility to both agents should be 

obtained as there are C/T-resistant CAZ/AVI-susceptible 

strains13. Real world evidence has confirmed the efficacy of 

both1. 

 

Cefiderocol is recommended as an alternative to novel BL/

BLI by IDSA. Although there is concern about higher 

mortality due to the CREDIBLE-CR trial’s results, the 

number of patients with P. aeruginosa in that trial was 

small, hence, these findings may not be generalisable14. 

Cefiderocol remains an option, especially given its activity 

against metallo-beta lactamases (MBL). 

The emergence of MBL-producing P. aeruginosa is of 

significant concern. Aztreonam may resist hydrolysis by 

MBLs making it an attractive agent in combination with 

CAZ/AVI15.   

Although many guidelines recommend against the use of 

polymyxins they might be the only option for the 

treatment of DTR strains in low resource settings. Although 

intravenous Fosfomycin may be active against DTR P. 

aeruginosa, monotherapy is only indicated for cases of 

uncomplicated UTIs due to the risk of emergence of 

resistance16. 

A single agent, preferably a beta-lactam, should be chosen 

for DTR isolates since definitive combination therapy has 

not been shown to improve outcomes and may increase 

costs and adverse events1. 

 

Important key elements of therapy 
The pharmacokinetics of most antimicrobials are altered 

following the hemodynamic changes of severe sepsis. 

Critically ill patients may require dose adjustments. For C/

T, higher doses (3g every 8 hours) are recommended in 

critically ill patients to maintain bactericidal serum 

concentration17.  

Extended infusion (EI) of beta lactams may help achieve a 

more sustainable serum concentration and decrease the 

length of stay18. It is also recommended by IDSA and 

ESCMID for the treatment of non-susceptible strains4.  

The duration of treatment should consider the primary site 

of infection, the patient’s underlying comorbidities, source 

control, susceptibility results, inflammatory biomarkers, 

and clinical response. Two to three weeks is currently 

recommended especially for immunocompromised 

patients and patients with pneumonia who are at risk of 

recurrence with shorter regimens19.  

Conclusion 
The burden of P. aeruginosa severe sepsis is worsened by 

resistant strains. Novel treatment options have improved 

patients’ outcomes and spared the adverse events of older 

toxic drugs like polymyxins. Combination empiric therapy 

should be initiated in critically ill patients to avoid 

inappropriate antimicrobial therapy and prompt de-

escalation when susceptibility results are available. 
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