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Infections are common in critically ill patients and are 
associated with a significant increase in ICU mortality 
and total costs related to patient management [1]. One of 
the main therapeutic interventions in severe infections is 
the administration of antibiotics; however, the prescrip-
tion of adequate antimicrobial therapy still represents a 
complex challenge for clinicians because of the late iden-
tification of microorganisms and the increasing spread of 
multidrug-resistant pathogens [2]. International guide-
lines recommend an early and broad-spectrum antibi-
otic therapy, typically given as combination therapy, for 
life-threatening infections [3]. Nevertheless, optimizing 
antibiotic therapy in critically ill patients also needs to 
consider the changes in drug pharmacokinetics (PKs), 
in particular an increased volume of distribution asso-
ciated with either augmented or impaired renal clear-
ance, which are responsible for variations in circulating 
antibiotic levels and, potentially, for therapeutic failure 
[4]. β-lactam antibiotics, which are the first-line therapy 
for severe infections, are the most effective when drug 
concentrations exceed the minimal inhibitory concen-
tration (MIC) of the pathogen for an extended period of 
time between different administrations (T  >  MIC) [4]. 
Because of significant and unpredictable changes in drug 
PKs during critical illness when standard intermittent 
administrations (IA) are given [4], a continuous infusion 
(CI) of β-lactam antibiotics could rapidly obtain pro-
longed T > MIC in almost all patients and even for less 
susceptible pathogens, such as Pseudomonas aeruginosa 
or Acinetobacter baumannii, and should be preferred 
to optimize daily drug regimens in critically ill patients 
[5] (Fig.  1a). However, the evidence supporting that CI 

would also result in a better outcome when compared to 
standard regimens remains limited.

As such, in a recent article in Intensive Care Medi-
cine, Abdul-Haziz et al. [6] evaluated the effects of CI of 
β-lactams on clinical cure at 14 days after antibiotic inter-
ruption, when compared to IA in patients with severe 
sepsis not requiring renal replacement therapy (RRT). 
A total of 140 patients were enrolled; CI was associated 
with a higher clinical cure rate (56 vs. 34 %, p = 0.01) and 
more ventilator-free days than IA. The target for optimal 
drug therapy (e.g., 100 % of T > MIC between two drug 
doses) was achieved more frequently in the CI than in the 
IA group on both day 1 (97 vs. 70 %, p < 0.001) and day 3 
of treatment. No difference in 14-day or 30-day survival 
was observed between groups.

Should we then move to CI of β-lactams for all criti-
cally ill septic patients? Probably not! Previous studies 
have shown controversial results, although there may 
be sub-groups of patients in whom the CI of β-lactams 
could be of benefit. In one study from the Defining Anti-
biotic Levels in Intensive Care Unit database (n = 182), 
CI of piperacillin/tazobactam or meropenem resulted in 
a significantly higher survival rate at 30 days when com-
pared to IA, but only in the subgroup of patients with 
respiratory infection (86 vs. 57 %, p = 0.01) [7]. Indeed, 
although penetration of β-lactams into the lungs is rela-
tively limited, CI of ceftazidime was associated with 
a shorter time to adequate pulmonary concentrations 
and presented a more predictable PK profile than IA in 
patients with ventilator-associated pneumonia (VAP) 
[8]. The same study [7] also showed that CI of β-lactams 
was particularly effective in patients with high severity 
of disease when compared to IA (73 vs. 35 %, p = 0.003). 
Also, in another study on hospital-acquired pneumo-
nia due to Pseudomonas aeruginosa, CI of piperacillin/
tazobactam was associated with a lower 14-day mortality 
than IA only in those patients with an Acute Physiologi-
cal and Chronic Health Evaluation (APACHE) II scores 
above 17 (12 vs. 32 %, p = 0.04) [9]. Another important 
confounder influencing the efficacy of CI in critically 
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ill patients is the characteristics of the pathogen. While 
very susceptible bacteria can be adequately treated with 
standard IA, the risk of insufficient β-lactam antibiotic 
concentrations is high only for less susceptible strains, 
e.g., those with a higher MIC but still within the ranges 
that are associated with a positive response to antibiotic 
therapy according to international recommendations [4]. 
In one retrospective study, Lorente et al. showed that CI 
of piperacillin/tazobactam was associated with a higher 
probability of clinical cure than IA for the treatment of 
VAP in patients without renal failure, but only when the 
MIC of the isolated pathogen was ≥8  mg/L (15/17 vs. 
7/21, p  =  0.002) [10]. The final concern is about drug 
accumulation; no difference in 90-day survival (74 vs. 
73 %, p = 0.61) or clinical cure (52 vs. 49 %, p = 0.56) was 
observed in a large cohort of septic patients (n =  432) 
when treated with CI or IA of β-lactams; however, drug 
concentrations were not measured and the inclusion of 
patients with renal failure or RRT, which are associated 
with significant drug accumulation and a lower risk for 
insufficient antibiotic concentrations even during IA, was 
a significant bias [11]. Also, very high levels of β-lactams 
may also be harmful in critically ill patients, with a poten-
tial risk of neurological complications that may overcome 
the beneficial effects on the control of the infection [12].

Importantly, although the Abdul-Haziz study [6] 
reported a dramatic benefit with CI of β-lactams in the 
management of severe sepsis, some important limita-
tions also need to be clarified. First, this was an open-
label clinical trial. Knowledge of treatment assignment 
may have led to differential management of patients but 
more importantly may have influenced the assessment of 

outcome. This study would have been greatly improved 
if a blinded adjudication committee to assess the final 
outcome was used. Secondly, the authors did not report 
real MIC values for their isolates but only susceptibility 
estimates from published guidelines. The fact that MIC 
values vary significantly internationally and even among 
hospitals within a region or over time periods raises seri-
ous questions about this practice. Moreover, more than 
one-third of patients achieving clinical cure had no path-
ogen identified, which would limit the calculation of drug 
concentrations required to improve drug effectiveness. 
Third, the authors found a high percentage of “difficult-
to-treat” pathogens and this may not reflect the ecology 
of other countries with a different susceptibility pat-
terns (e.g., limited external validity). Fourth, only serum 
drug concentrations were assessed, as this approach may 
be limited when dealing with infected sites with poor 
drug penetration, such as the brain, the peritoneum or 
the bones [13]. Also, respiratory infections represented 
the largest proportion of infected sites in this work and 
no conclusion on the potential benefits for CI could be 
drawn for other type of infections. Fifth, the proportion 
of patients with 100  % T  >  MIC was similar between 
patients with clinical response and failure. As such, 
although CI may provide some clinical benefits, this 
appeared not to be related to a longer and better expo-
sure to therapeutic drug concentrations. Patients with 
clinical cure had a lower APACHE II score and received 
meropenem more frequently than those with clinical fail-
ure. Thus, an imbalance in the severity of disease and the 
spectrum or bactericidal activity may also account for 
the differences in outcome between groups. Finally, no 

Fig. 1  a Differences in the time that β-lactam antibiotic concentrations exceed the minimal inhibitory concentration (T > MIC) of a pathogen 
between intermittent (IA, light green) and continuous infusion (CI, light blue). b A practical approach to identify those patients with the highest 
likehood to benefit from continuous infusion of β-lactam antibiotics during critical illness. MIC minimal inhibitory concentration. *Organs with poor 
antibiotic penetration
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data on the emergence of resistant strains and/or super-
infection were provided; although this issue is extremely 
difficult to address in clinical practice, these two com-
plications may also be dependent on the achievement of 
adequate serum drug concentrations.

In conclusion, the concept of optimizing β-lactam 
antibiotic concentrations in severely ill patients using CI 
remains of great interest but is not convincingly proven. 
The body of evidence suggests that application of this 
strategy may be best in severe infections, in patients with 
normal renal function and lung infections, and when less 
susceptible pathogens are isolated or suspected (Fig. 1b). 
The impact of CI of β-lactams on patients’ outcomes 
needs to be better characterized in future studies, espe-
cially when additional confounders, such as the use of 
RRT or renal failure, may further alter drug concentra-
tions in this setting.
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