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Beta- lactam (β- lactam) antibiotics are time- dependent, and reduc-
tions in bacterial burden are best predicted by the time the free 
concentration of the drug remains above the MIC during the dosing 
interval (fT>MIC). With this, administration of prolonged infusions (PI) 
of intravenous β- lactams can be used to increase the fT>MIC. For this 
document, PI is defined as infusions over at least 3 h, including ex-
tended infusion (EI) or continuous infusion (CI). PI β- lactam dosing 

regimens have been implemented and evaluated globally as a strategy 
to improve outcomes across diverse patient populations. However, 
these dosing regimens are not yet standard clinical practice.

This guideline provides an expert- based consensus on the use of PI 
β- lactam agents from a group of international and interprofessional col-
laborators. Literature comparing prolonged versus short infusion strat-
egies is summarized for severely ill and nonseverely ill adult patients, 

Abstract
Intravenous β- lactam antibiotics remain a cornerstone in the management of bacterial 
infections due to their broad spectrum of activity and excellent tolerability. β- lactams 
are well established to display time- dependent bactericidal activity, where reductions 
in bacterial burden are directly associated with the time that free drug concentrations 
remain above the minimum inhibitory concentration (MIC) of the pathogen during the 
dosing interval. In an effort to take advantage of these bactericidal characteristics, 
prolonged (extended and continuous) infusions (PI) can be applied during the admin-
istration of intravenous β- lactams to increase time above the MIC. PI dosing regimens 
have been implemented worldwide, but implementation is inconsistent. We report con-
sensus therapeutic recommendations for the use of β- lactam PI developed by an ex-
pert international panel with representation from clinical pharmacy and medicine. This 
consensus guideline provides recommendations regarding pharmacokinetic and phar-
macodynamic targets, therapeutic drug monitoring considerations, and the use of PI β- 
lactam therapy in the following patient populations: severely ill and nonseverely ill adult 
patients, pediatric patients, and obese patients. These recommendations provide the 
first consensus guidance for the use of β- lactam therapy administered as PIs and have 
been reviewed and endorsed by the American College of Clinical Pharmacy (ACCP), the 
British Society for Antimicrobial Chemotherapy (BSAC), the Cystic Fibrosis Foundation 
(CFF), the European Society of Clinical Microbiology and Infectious Diseases (ESCMID), 
the Infectious Diseases Society of America (IDSA), the Society of Critical Care Medicine 
(SCCM), and the Society of Infectious Diseases Pharmacists (SIDP).

K E Y W O R D S
beta- lactams, consensus, infectious diseases, prolonged infusion

TA B L E  1  Summary of Questions and Consensus Statements/Recommendations for Use of PI β- lactam Antibiotics.

Background (non- PICO) Questions and Consensus Statements

I. Are there microbiologic targets for bacterial killing and resistance suppression for β- lactams in preclinical pharmacokinetic/pharmacodynamic 
(PK/PD) models of infections?

1. Preclinical targets for reductions in colony- forming units (CFU) are 40%– 70% fT>MIC for short infusion (SI) and up to 4- h EI, and 100% fT>MIC 
with concentrations that exceed up to 4– 8 times free drug over the steady- state concentration (fCss) for CI. No absolute target guarantees 
suppression of resistance but exceeding the MIC by 4– 6 times may minimize resistance. (Panel vote 17– 0 in favor of this consensus statement)

II. Does PI of β- lactams result in enhanced bacterial killing relative to SI in preclinical PK/PD models of infections?

(Continues)
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pediatric patients, and obese patients. The document also addresses 
pharmacokinetic and pharmacodynamic targets, therapeutic drug mon-
itoring, and stability considerations. The Grading of Recommendations 
Assessment Development and Evaluation (GRADE) system was utilized, 
where appropriate, to evaluate the quality of evidence and determine 
the strength of recommendations. Meta- analyses were performed 
when that methodology informed the PICO and sufficient randomized 
controlled trials were available. A summary of consensus statements/
recommendations and panel member votes may be found in Table 1. 
Please refer to the main document for additional details regarding 
methodology, evidence summaries, and references.
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2. In vitro and animal data, predominately with gram- negative bacteria, demonstrated equivalent or better killing for PI compared to SI; this is 
likely attributable to greater fT>MIC with PI compared to SI. (Panel vote 17– 0 in favor of this consensus statement)

III. Do PI β- lactams minimize resistance emergence relative to SI in preclinical PK/PD models of infections?

3. β- lactams given by PI may reduce the emergence of resistance. β- lactam agent, the bacterial species, MIC, and initial inoculum are important 
factors affecting the emergence of resistance. (Panel vote 17– 0 in favor of this consensus statement)

IV. Is there a role for therapeutic drug monitoring (TDM) of PI β- lactams?

4. We suggest that β- lactam TDM and personalized dosing may be considered on a patient- by- patient, indication- by- indication, drug- by- 
drug basis until further evidence is available. We cannot recommend for or against routine TDM for PI β- lactams at this time. Consensus 
recommendation. (Panel vote 17– 0 in favor of this recommendation)

V. What β- lactam concentration or exposure should be targeted when performing TDM?

5. There is insufficient evidence to recommend a single concentration or exposure to target when performing β- lactam TDM; however, evidence 
does exist for a minimum exposure. When TDM is performed, we suggest minimum plasma exposures of at least 50%– 70% fT>MIC be targeted 
for β- lactams when administered as SI and EI. For β- lactams administered as CI, we suggest 100% fT>MIC with concentrations at least 4 times 
the MIC. (Panel vote 17– 0 in favor of this consensus statement)

VI. Are there stability concerns when delivering PI β- lactam infusions?

6. There are general stability concerns that should be considered on a drug- by- drug basis when delivering β- lactams by PI. (Panel vote 17– 0 in 
favor of this consensus statement)

PICO Questions and Recommendations

VII. Should PI β- lactam antibiotics be preferred over SI dosing in severely ill adult patients to improve mortality or clinical cure?

7. We suggest PI β- lactam antibiotics over SI to reduce mortality or increase clinical cure among severely ill adult patients, particularly those with 
gram- negative infections. Conditional recommendation; very low certainty of evidence. (Panel vote 17– 0 in favor of this recommendation)

VIII. Should PI β- lactam antibiotics be preferred over SI in nonseverely ill adult patients to improve mortality and clinical cure?

8. We cannot recommend for or against PI β- lactam antibiotics over SI to reduce mortality and increase clinical cure among nonseverely ill adult 
patients. Conditional recommendation; very low certainty of evidence (Panel vote 17– 0 in favor of this recommendation)

IX. Is the use of PI β- lactam antibiotics safer than SI among adult and pediatric patients?

9. We cannot recommend for or against the use of PI over SI to provide a safety advantage and reduce adverse effects of β- lactam antibiotics. 
Conditional recommendation; very low certainty of evidence. (Panel vote 17– 0 in favor of this recommendation)

X. Should a loading dose be administered over no loading dose when using PI β- lactam antibiotics in adults to improve mortality or clinical cure?

10. We suggest use of a loading dose over no loading dose when initiating CI β- lactam antibiotics to improve clinical success and we cannot recommend 
for or against a loading dose with EI. Conditional recommendation; very low certainty of evidence. (Panel vote 17– 0 in favor of this recommendation)

XI. Should PI β- lactam antibiotics be used in children versus SI to improve efficacy?

11. We cannot recommend for or against routine use of PI for any specific clinical situations or in any specific patient populations (e.g., severely ill, 
obese, neonates) to improve efficacy of β- lactam agents in the pediatric population. Conditional recommendation, very low certainty of evidence. 
(Panel vote 16– 0 in favor of this recommendation; 1 author abstained from voting)

XII. Should PI β- lactam antibiotics be used in obese patients versus SI to improve efficacy?

12. We cannot recommend for or against routine use of PI to improve efficacy of β- lactam agents in obese patients. Consensus recommendation 
(Panel vote 17– 0 in favor of this consensus recommendation)

TA B L E  1  (Continued)
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