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Drug stability testing of continuous infusion of Beta-lactam antibiotics in 
elastomeric pumps and determination of drug plasma levels in patients for 
improved outpatient parenteral antimicrobial therapy (OPAT) 

Background 
Outpatient Parenteral Antimicrobial Therapy (OPAT) refers to the administration of a parenteral 
antimicrobial in an outpatient setting with the explicit aim of facilitating early discharge or 
avoiding admission. Infectious diseases commonly treated in the OPAT program include 
urogenital infections, cellulitis, bone and joint infections, and infective endocarditis. Patient 
welfare, reduction of risk of health care associated infection and cost-effective use of hospital 
resources are the main drivers for OPAT. The safe practice of OPAT depends on a team 
approach with careful patient selection and antimicrobial management with programmed and 
adaptable clinical monitoring and assessment of outcome. In December 2013, the university 
hospitals of Basel and Lausanne established the first OPAT-teams in Switzerland. The 
Hospital-Pharmacy (SPH) of the University Hospital Basel (USB) played a crucial role 
introducing elastomeric antibiotic pumps to patients requiring 24-hour continuous antibiotic 
delivery. Over the past four years, several systematic literature reviews and two lab-based 
stability studies were conducted at SPH to provide the OPAT program with instructions for safe 
use of continuous parenteral antibiotic treatment. The use of Beta-lactam antibiotics (BA) in 
OPAT needs special consideration. In order to sustainably achieve drug concentration levels 
above the minimal inhibitory concentration (MIC), BA are usually administered as short 
infusions three to six times daily in the in-patient setting. This impedes its application in the 
outpatient setting.  

To circumvent these issues, the USB and many other OPAT programs worldwide rely on 
disposable portable elastomeric pumps for the administration of BA [1]. Elastomeric pumps 
release intravenous drug solutions at an almost steady rate, and drug levels are comparable 
to levels achieved using continuous infusion by standard infusion devices for stationary units 
[1]. BA administration using elastomeric pumps has been associated with good clinical 
outcome (e.g. [1]). However, stability and safety of one BA is not transferable to the whole drug 
group, the main limitation for its use in elastomeric pumps is the chemical stability of the active 
pharmaceutical ingredient (API). The BA (as API) are unstable in some solutions - this can be 
as pronounced as almost no API being left chemically intact in solution after 24 hours at slightly 
elevated room temperatures. This was for example shown for benzylpenicillin [2]. Studies 
investigating the temperature exposure of the API’s in elastomeric pumps when carried near 
to the body are available. Specifically voluntary subjects were used to carry elastomeric 
infusion devices fitted with temperature sensors during 24 h and mimicked the continuous 
administration of the drugs in OPAT. These studies show that typical administration during 
OPAT can lead to exposure of API’s to temperatures of above 30 °C [3,4].  

The literature data for BA use in continuous infusion is incomplete and often controversial. We 
found that some drugs highly depend on solvent properties or specific pH-buffer. For 
benzylpenicillin, for example, the temperature is highly relevant [3]. To improve the stability of 



BA in elastomeric pumps the carrying pouches of the elastomeric pumps can be fitted with cold 
packs to cool down the drug during infusion [3,5]. Target BA drugs for OPAT studies 
Benzylpenicillin is considered non-sufficient stable for OPAT programs when applied in water 
for injection and shows a quick chemical decomposition. According to McDougall et. al. [2] it 
shows much better stability and thus OPAT suitability when buffered with a citrate buffer. 
Because of the limited evidence for benzylpenicillin use in OPAT and the strong buffer (pH) 
dependency of the stability we will start our series of stability studies with a replication study 
of the study concerning benzylpenicillin stability in a simulated OPAT scenario. Next to this 
replication study we aim at conducting studies on two recently approved BA drugs against 
multidrug-resistant gram-negative bacteria (e.g. Pseudomonas aeruginosa): 
ceftolozane/tazobactam (Zerbaxa®) and ceftazidime/avibactam (Zavizefta®).  

In case these drugs demonstrate suitability for OPAT we would furthermore gather therapeutic 
drug monitoring (TDM) data for five OPAT-patients per API to show that the API plasma levels 
achieved during administration via elastomeric pump are sufficient. 

Goals and Methods 
Part 1: Development and validation of a HPLC-MS-MS method for the API’s in plasma and in 
watery solutions 

Part 2: Preliminary testing and searching for candidate solutions for simulated infusion 
experiment 

 Measuring stability of API’s dissolved in pure H2O, in NaCl 0,9 % and in glucose 5% at  
37 °C for 24 h and development of solutions by additional buffering, using different pH 
ranges and testing the effect of cooling on drug stability 

Part 3: Conducting stability study for publication 

 Conducting adapted stability study depending on the outcome of the first and second 
parts 

Part 4: Write manufacturing protocol for OPAT usage of the suitable candidates and determine 
plasma levels of five patients 

 Monitor API plasma levels for five patients included in OPAT and treated with the 
subject API 

Part 5: Degradation products 

 Observation of the relevant degradation products to determine the chemical structure 
of the products in order to assess toxicity 
 

Results 

Benzylpenicillin 
Results on the stability and safety for benzylpenicillin was published in the following study. It 
was presented at the OPAT Symposium 2019 and at the GSASA congress 2020 by Julian 
Meier. 
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ENHANCING STABILITY AND INVESTIGATING TARGET ATTAINMENT OF BENZYLPENICILLIN IN 

OUTPATIENT PARENTERAL ANTIMICROBIAL THERAPY: INSIGHTS FROM IN VITRO AND IN VIVO 

EVALUATIONS 

Abstract  

Background/Objective: Narrow-spectrum beta-lactam antibiotics such as benzylpenicillin 
and flucloxacillin are increasingly used in outpatient parenteral antimicrobial therapy (OPAT) 
programs to mitigate the adverse effects associated with broad-spectrum antibiotics. These 
beta-lactams require continuous administration via portable infusion devices during OPAT. 
However, the use of benzylpenicillin in OPAT requires special consideration because of its 
limited stability at elevated temperatures. Methods: We tested the benzylpenicillin stability, 
pH, and degradation of products in elastomeric pumps at different concentrations in saline and 
in buffered solution containing sodium citrate during a prolonged storage and at high 
temperatures (seven days at 2–8 °C followed by 24 h at 37 °C). Additionally, drug 
concentrations during intermittent bolus infusion and during OPAT were determined in five 
patients. The concentrations and degradation products of benzylpenicillin 

were measured using liquid chromatography mass spectrometry (LC-MS/MS). Results: 
Unbuffered benzylpenicillin solutions that were already degraded during refrigerator storage 
and analyte concentration were not measurable after 8 days. The stability of the buffered 
solutions was acceptable at all three of the tested concentrations (97.6 ± 1.3%, 96.3 ± 0.8%, 
and 94.9 ± 1.1% for 10 Mio IU, 20 Mio IU, and 40 Mio IU of benzylpenicillin). The stability was 
influenced by benzylpenicillin concentration, and several breakdown products were identified. 
Benzylpenicillin concentrations were measured in five patients during OPAT and ranged from 
7.2 to 60 mg/L. Conclusions: Benzylpenicillin buffered with sodium citrate is a safe and 
convenient option for use in continuous infusions during OPAT and should be favored over 
broad-spectrum antibiotics. Therapeutic drug monitoring data indicate sufficient to high plasma 
levels when patients received benzylpenicillin as continuous infusions. 

Ceftazidime/Avibactam and Ceftolazone/Tazobactam 
Further stability studies were done with the reserve antibiotics ceftazidime-avibactam and 
ceftolazone-tazobactam.  

Erdmann, J., Vu, L.A.T., Halbeisen, D., Rentsch, K.M. (2025) Stability of two reserve Antibiotics 
in Elastomeric Pumps: Ceftazidime-Avibactam and Ceftolozane-Tazobactam. Antibiotics. 14, 
966.  
https://doi.org/10.3390/antibiotics14100966 

STABILITY OF TWO RESERVE ANTIBIOTICS IN ELASTOMERIC PUMPS: CEFTAZIDIME-AVIBACTAM 

AND CEFTOLOZANE-TAZOBACTAM 

Abstract 

Background/Objectives: Parenteral antibiotic therapy is indispensable in the treatment of 
several infections. The parenteral administration often leads to the need for prolonged 
hospitalization. Therefore, interest in outpatient parenteral antimicrobial therapy (OPAT) is 
growing. OPAT is typically administered in elastomeric devices, which release an infusion 
solution over a 24 h period and are meanwhile worn close to the body. This work aimed to 
evaluate the stability of the reserve antibiotics ceftazidime-avibactam and 
ceftolozane/tazobactam for OPAT use. Methods: Elastomeric pumps were prepared in 



triplicate at the dosages 3.75 and 7.5 g of ceftazidime-avibactam and 2.25, 4.5, and 9.0 g of 
ceftolozane/tazobactam in 240 mL 0.9% saline each. The pumps were first stored at 2–8 °C 
for 7 days and subsequently incubated for 48 h at 25 °C. To determine actual concentrations 
of ceftazidime, avibactam, ceftolozane, tazobactam, and pyridine, samples were taken at nine 
different time points during storage and incubation. High-performance liquid chromatography 
coupled to tandem mass spectrometry was used for quantification. Results: Although 
concentrations of ceftazidime and avibactam stayed above 90% during a 24 h incubation 
period at 25 ◦C, the pyridine limit of the European Pharmacopeia was already exceeded in the 
ceftazidime-avibactam pumps after the storage time at 2–8 °C. In the ceftolozane/tazobactam 
pumps, the ceftolozane concentration was stable for 24 h incubation, but tazobactam 
concentrations decreased below 90% within 12 h in the two higher dosages. Conclusions: 
Accordingly, stability cannot be guaranteed for both tested preparations and their use for OPAT 
should be thoroughly considered. 

Conclusion 
OPAT programs have been established in many hospitals to reduce the length of stay of 
patients in hospital. Unfortunately, beta-lactam antibiotics in particular are not very stable, and 
it is important to show the possibilities for which outpatient therapy is possible. In recent years, 
a lot of data on stability have been published, but not all data can be compared, as the duration 
of storage as well as the temperature to which the solutions are exposed are very 
heterogeneous. Our data support the decision-making process of a therapy, but also make 
further investigations necessary to have broader possibilities for the future.  
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Supplements: 
- Interim Report for GSASA: Juli 2020 
- GSASA congress presentation 2020: Drug stability testing of continuous infusion of 

β- lactam antibiotics in elastomeric pumps and determination of drug plasma levels in 
patients for improved outpatient parenteral antimicrobial therapy 

- Poster GSASA congress 2023 (R-PCT-15): Are Zavicefta ® and Zerbaxa® sufficiently 
stable for Outpatient Parenteral Antimicrobial Therapy? 

- Final presentation GSASA congress 2024: Continuous infusion of beta-lactam 
antibiotics for OPAT  

- Publication 1: Enhancing stability and investigating target attainment of 
benzylpenicillin in outpatient parenteral antimicrobial therapy: insights from in vitro and 
in vivo evaluations 

- Publication 2: Stability of two reserve antibiotics in elastomeric pumps: Ceftazidime-
avibactam and ceftolozane-tazobactam 


