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The aim of this study was to evaluate the efficacy and safety of outpatient antimicrobial therapy
with piperacillin-tazobactam in continuous infusion using elastomeric pumps and to evaluate the
economic impact compared with conventional hospital treatment in patients with Pseudomonas
aeruginosa (PA) infections. This is an observational study. Patients with PA infection treated with
continuous piperacillin-tazobactam infusion using elastomeric pumps in our hospital between
January 2015 and December 2017 were included. Primary outcomes were mortality during antibiotic
treatment and mortality at 30 days. Secondary outcomes were reinfection or relapse at 30 days and
clinical cure rate. The cost of each episode was compared with theoretical cost of the same treatment
using conventional hospitalization. 35 patients were included. One patient (2.9%) died during the
treatment. Overall 30-day mortality was 5.7%. No death was related to infection by PA. One patient
(2.9%) had a reinfection at 30 days. Cure was achieved in 93% of patients at the end of treatment.
There were no severe complications related to elastomeric pumps. Treatment cost with outpatient
antimicrobial therapy was 67% lower than theoretical cost with conventional hospital treatment.
Oupatient antimicrobial therapy with piperacillin-tazobactam in continuous infusion using elastomeric
pumps in patients with PA infections is safe and effective with lower costs.

Pseudomonas aeruginosa is a non-fermentative gram-negative bacillus with intrinsic resistance to several antimi-
crobial agents. Pseudomonas aeruginosa infections are common in hospitalized patients and have a variable mor-
tality at 30 days depending of the source of infection (from 7% in urinary tract infections to 48% in bacteremic
pneumonia)’?. Parenteral administration is the only option in a great number of cases and therapeutic options
for outpatient care are limited. Moreover, the posology of most parenteral antipseudomonal antibiotics requires
to be administered in several daily doses®. This makes it much harder to offer an intravenous outpatient therapy
and requires in most cases a hospital therapy which expose the patients to risks related with hospitalization
and increases healthcare costs*. Pharmacological characteristics of piperacillin/tazobactam in terms of stability
and PK/PD properties allow a 24-h continuous infusion administration and makes it possible to replace it with
just a daily visit®. There are several options for ambulatory administration of antibiotics, with a wide range of
recommended devices®. Elastomeric pumps do not require to be connected to power sources, do not impair the
patient’s movements, and reduce the amount of nurse visits in the event of potential electronic alerts’. The aim
of this study was to assess the effectiveness and safety of outpatient parenteral antimicrobial therapy (OPAT)
in patients with Pseudomonas aeruginosa infections using piperacillin/tazobactam in continuous infusion with
elastomeric pumps, as well as to assess potential savings in costs comparing with conventional hospital therapy.
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Baseline characteristics

Male sex 54%

Age (years) 74 (range 30-94)

Charlson comorbidity index | 2 (range 0-6)

COPD 28.6%

Heart failure 5.7%

Chronic renal insufficiency 14.3%

Cognitive impairment 28.6%

Barthel index 20 (range 0-100)
Respiratory 42.9%

Source of infection Skin/soft tissues | 28.6%
Urinary 25.7%
Bone and joints 2.9%

Table 1. Baseline characteristics.

Materials and methods
This is an observational and retrospective study.

Inclusion criteria: patients infected with Pseudomonas aeruginosa and treated with piperacillin/tazobactam
using OPAT with elastomeric pumps between January 2015 and December 2017.

Exclusion criteria: cases where the antibiogram showed Pseudomonas aeruginosa resistant to piperacillin/
tazobactam or polymicrobial infection by other microorganisms resistant to that drug.

In our institution OPAT is administered by the hospital at Home department. Piperacilin/tazobactam is
administered in patient home with a nurse daily visit using elastomeric pumps with 240 ml of capacity and flow
rate of 10 ml/h. Peripheral lines or, if necessary, peripheral inserted central catheter were used for drug infusion.

The following variables were analysed: age, gender, comorbidity, source of infection, dosage, number of days
of antibiotic treatment, complications related to the infusion device, and clinical evolution. The primary outcome
related to the effectiveness of OPAT was mortality during the episode and at 30 days since OPAT started. The
secondary outcomes related to the effectiveness and safety of the treatment were: clinical and microbiological
cure rate, frequency of reinfection or relapse by the same microorganism at 30 days and complications or adverse
events related to the infusion device. A cost saving analysis was also carried out by our analytical accounting
department. The cost of outpatient admission for each patient was calculated taking into account the length of
stay, medications and tests performed during follow-up by the hospital at home department. A new calculation
was made using the theoretical costs of conventional hospital admission instead of the cost of OPAT. The cost
savings in outpatient therapy were calculated by the difference between the two assumptions. Finally, we analysed
the factors related to a worse evolution or a higher rate of complications related to the device.

Baseline characteristics are presented using medians for continuous variables and frequencies or percentages
for categorical variables. Analysis of dichotomous variables was made using Chi-square test or bilateral Fisher’s
exact test. Quantitative variables were analysed using Student T test or Mann-Whitney U test when appropri-
ated. Multivariate analysis was performed using binary logistic regression. Statistical significance was established
with two-tailed p <0.05.

All methods were carried out in accordance with relevant guidelines and regulations. The study was approved
by Galicia Research Ethics Committee (code 2019/200) which waived the need to obtain written informed con-
sent. All data were deidentified.

Results

814 patients were treated with outpatient parenteral antibiotic therapy during the study period. 35 of them met
inclusion criteria. 54% of them were male, and the median age was 74 years (range 30-94). Baseline character-
istics of patients are shown in Table 1. The median of Charlson’s comorbidity index was 2, and the median of
Barthel’s index was 20. The most frequently source of infection was respiratory (42.9%), followed by the skin
and soft tissues (28.6%), urinary (25.7%), and bone and joints (2.9%). All patients were hemodynamically stable
upon starting outpatient parenteral antibiotic therapy. The median of days on therapy with piperacillin/tazobac-
tam administered by elastomeric pumps was 10 days (range 3-30). Only 1 patient (2.9%) died during therapy,
and the cause of death was not infection related. Global mortality within 30 days amounted to 5.7%, and the
causes of death were not related to the infection by Pseudomonas aeruginosa. Only 1 patient (2.9%) with COPD
and respiratory infection had a relapse within 30 days with onset of respiratory symptons again and growth of
Pseudomonas aeruginosa in sputum. Infectious symptoms were resolved in 93% of patients after treatment with
piperacillin/tazobactam. With regards to the safety of the OPAT administration device, the only complications
were the loss or extravasation of the intravenous line (8% of cases), which was replaced without any complica-
tions. None of the variables analysed was significantly associated with a higher risk of mortality. History of
hemiplegia was associated with an increased risk of elastomeric pump related complications (OR 7.7; CI 95
1.6-36.8; P=0-01). Treatment cost with OPAT was 67% lower than theoretical cost with conventional hospital
treatment. The estimated global cost saving was 56.341 euros (equivalent to 68000 USD).
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Discussion
To our best knowledge, this is the first study assessing the use of piperacillin/tazobactam with elastomeric pumps
in continuous infusion for the specific treatment of Pseudomonas aeruginosa infections. This therapy has been
linked, in our experience, to a high rate of clinical cure, absence of mortality linked to the infection process,
few adverse events linked to the infusion device and significant theoretical savings in costs, with an estimation
of 67% when compared to conventional hospitalization. Previous studies on ambulatory intravenous antibiotic
therapy with elastomeric pumps show results that support their use as well, with high effectiveness rates and few
complications linked to the device. Some studies mention piperacillin/tazobactam, although they do not specify
neither the type of infection that led to its administration nor the specific results of therapy with that antibiotic®®.
Other works mention the ambulatory use of piperacillin/tazobactam without specifying the administration
method!®!!. One study performed in Switzerland with 150 patients treated between 2013 and 2017 assessed
outpatient antibiotic therapy in continuous infusion with elastomeric pumps. The clinical cure rate was 95% and
the adverse event rate was 11%, none of them severe. In this work, only 12 patients were treated with piperacil-
lin/tazobactam. Among them, one had a relapse which was cured with a second round of the same therapy®. In
a study using data from the Spanish Registry of Outpatient Parental Antibiotherapy, between 2011 and 2016,
1463 nosocomial infections were treated with outpatient parenteral antibiotics, 22% of them with elastomeric
pumps. Pseudomonas aeruginosa was responsible for 14% of the infections and only 10% of them were treated
with piperacillin/tazobactam. The overall results, in terms of effectiveness, were favorable, with a mortality rate
of 0.9%’. Another study based on the same registry and focused on exacerbation therapy of chronic obstruc-
tive pulmonary disease reported 562 patients treated at home with OPAT, 212 with Pseudomonas aeruginosa
infections. 115 were treated with piperacillin/tazobactam, 27% with elastomeric pumps. The results were also
favorable, with a mortality rate of 1.1% and only 2.7% of complications related to the venous catheter'?. Regarding
the economic costs, no study has specifically analyzed the use of elastomeric devices for this type of infections.
Several previous reports have shown significant cost savings with the use of outpatient parenteral antimicrobial
therapy compared to conventional hospitalization, with an estimated cost savings of 57-81%*">.

Limitations of our study were the observational design and the small number of patients. Moreover, all
patients of our study were treated by Hospital at Home department, which limits the generalizability of our
results for other kinds of OPAT programs.

Conclusions

Outpatient therapy with piperacillin/tazobactam in continuous infusion using elastomeric pumps is safe and
effective with lower costs compared to conventional hospitalization for the treatment of Pseudomonas aeruginosa
infections.

Received: 4 December 2020; Accepted: 30 March 2021
Published online: 21 April 2021

References

1. Gomila, A. et al. Risk factors and prognosis of complicated urinary tract infections caused by Pseudomonas aeruginosa in hospital-
ized patients: A retrospective multicenter cohort study. Infect. Drug Resist. 11, 2571-2581. https://doi.org/10.2147/IDR.S185753
(2018).

2. Morata, L. et al. Influence of multidrug resistance and appropriate empirical therapy on the 30-day mortality rate of Pseudomonas
aeruginosa bacteremia. Antimicrob. Agents Chemother. 56(9), 4833-4837. https://doi.org/10.1128/AAC.00750-12 (2012).

3. Slavik, R. S. & Jewesson, P. J. Selecting antibacterials for outpatient parenteral antimicrobial therapy: Pharmacokinetic-pharma-
codynamic considerations. Clin. Pharmacokinet. 42, 793-817. https://doi.org/10.2165/00003088-200342090-00002 (2003).

4. Gonzalez-Ramallo, V.]. et al. Costs of outpatient parenteral antimicrobial therapy (OPAT) administered by Hospital at Home units
in Spain. Int. J. Antimicrob. Agents. 50, 114-118. https://doi.org/10.1016/j.ijjantimicag.2017.02.017 (2017).

5. Voumard, R. et al. Antibiotic stability related to temperature variations in elastomeric pumps used for outpatient parenteral anti-
microbial therapy (OPAT). J. Antimicrob. Chemother. 72, 1462-1465. https://doi.org/10.1093/jac/dkw582 (2017).

6. Norris, A. et al. 2018 IDSA clinical practice guideline for the management of outpatient parenteral antimicrobial therapy. Clin.
Infect. Dis. 68, el-e35. https://doi.org/10.1093/cid/ciy745 (2019).

7. Oliver, G. Optimising patient safety when using elastomeric pumps to administer outpatient parenteral antibiotic therapy. Br. J.
Nurs. 25, S22-S27. https://doi.org/10.12968/bjon.2016.25.19.522 (2016).

8. Voumard, R. et al. Efficacy and safety of continuous infusions with elastomeric pumps for outpatient parenteral antimicrobial
therapy (OPAT): An observational study. J. Antimicrob. Chemother. 73, 2540-2545. https://doi.org/10.1093/jac/dky224 (2018).

9. Gonzélez Ramallo, V. J., Mirén Rubio, M., Estrada Cuxart, O. & Garcia Leoni, M. E. Usefulness of Hospital at Home in nosocomial
infections: advantages and limitations. Rev. Esp. Quimioter. 30(Suppl 1), 61-65 (2017) (PMID: 28882019).

10. Durojaiye, O. C., Bell, H., Andrews, D., Ntziora, F. & Cartwright, K. Clinical efficacy, cost analysis and patient acceptability of
outpatient parenteral antibiotic therapy (OPAT): A decade of Sheffield (UK) OPAT service. Int. J. Antimicrob. Agents. 51, 26-32.
https://doi.org/10.1016/j.ijantimicag.2017.03.016 (2018).

11. Chambers, S. T. et al. Outpatient parenteral antimicrobial therapy (OPAT) in Christchurch: 18 years on. N. Z. Med. ]. 132, 21-32
(2019) (PMID: 31465324).

12. Ponce Gonzalez, M. A. et al. Effectiveness and safety of outpatient parenteral antimicrobial therapy in acute exacerbation of chronic
obstructive pulmonary disease. Int. J. Clin. Pract. https://doi.org/10.1111/ijcp.13022 (2017).

13. Psaltikidis, E. M., Silva, E. N. D., Bustorff-Silva, J. M., Moretti, M. L. & Resende, M. R. Economic evaluation of outpatient parenteral
antimicrobial therapy: A systematic review. Expert Rev. Pharmacoecon. Outcomes Res. 17, 355-375. https://doi.org/10.1080/14737
167.2017.1360767 (2017).

Author contributions
Data curation: J.L.L.E, J.A.O., A.S.R,L.G.G,, LR.C, ].PG. Methodology: J.L.L.E, J.A.O. Formal analysis: J.L.L.E
Software: M.ES. Supervision: J.L.L.E, J.A.O., J.F.A. Writing—original draft: .L.L.F. Writing—review & editing:
JLL.E,J.A.O., ASR., J.EA.

Scientific Reports|  (2021)11:8610 | https://doi.org/10.1038/s41598-021-88179-7 nature portfolio


https://doi.org/10.2147/IDR.S185753
https://doi.org/10.1128/AAC.00750-12
https://doi.org/10.2165/00003088-200342090-00002
https://doi.org/10.1016/j.ijantimicag.2017.02.017
https://doi.org/10.1093/jac/dkw582
https://doi.org/10.1093/cid/ciy745
https://doi.org/10.12968/bjon.2016.25.19.S22
https://doi.org/10.1093/jac/dky224
https://doi.org/10.1016/j.ijantimicag.2017.03.016
https://doi.org/10.1111/ijcp.13022
https://doi.org/10.1080/14737167.2017.1360767
https://doi.org/10.1080/14737167.2017.1360767

www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.L.L.E

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021)11:8610 | https://doi.org/10.1038/s41598-021-88179-7 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Outpatient therapy with piperacillintazobactam using elastomeric pumps in patients with Pseudomonas aeruginosa infection
	Materials and methods
	Results
	Discussion
	Conclusions
	References


