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n	 INTRODUCTION

Vascular prosthetic infections represent a chal-
lenge in clinical practice due to their high 

morbidity and mortality rates, necessitating in 
most cases both surgery and prolonged antimi-

crobial therapy [1]. Gram-negatives Enterobacter-
ales (GNE) are responsible for a non-negligible 
proportion of these cases and carbapenem-resist-
ant (CR) GNE represent a significant challenge in 
this setting due to limited treatment options only 
approved for intravenous in-hospital administra-
tion [2]. The use of elastomeric pumps for outpa-
tient parenteral antimicrobial therapy (OPAT) as 
an alternative to in-hospital intravenous treat-
ment emerged as a promising solution for man-
aging complex infections such as endocarditis or 

SUMMARY

Introduction: Vascular prosthetic infections (VPI) are as-
sociated with high morbidity and mortality, often requir-
ing prolonged antimicrobial therapy. The emergence of 
carbapenem-resistant Enterobacterales (CRE) represents 
a significant challenge due to the limited availability of 
outpatient treatment options. While ceftazidime-avibac-
tam is a cornerstone of the treatment of CRE infections, 
its 12-hour stability limit poses a barrier for standard 
Outpatient Parenteral Antimicrobial Therapy (OPAT).
Case presentation: We describe a 78-year-old male with 
multiple comorbidities (diabetes, peripheral artery dis-
ease, and ischemic cardiomyopathy) who presented 
with a VPI following an axillo-femoral bypass. Initial 
cultures isolated MRSA and ESBL-producing Klebsiella 
pneumoniae. Despite surgical debridement and various 
antibiotic regimens, the patient experienced a recur-
rence with inguinal fistulization. A subsequent isolate 
of K. pneumoniae demonstrated resistance to both er-
tapenem and ceftolozane-tazobactam.
Treatment was transitioned to daptomycin (500 mg 
daily) and ceftazidime-avibactam (2.5 g three times a 
day), with oral rifampin added for anti-biofilm activity. 

To facilitate early discharge per the patient’s request, 
ceftazidime-avibactam was administered off-label via 
an elastomeric pump. A continuous infusion regimen 
of 5 g every 12 hours was delivered through a PICC 
line. This schedule addressed the drug’s stability con-
straints while requiring only two daily administrative 
interventions.
The patient completed the OPAT course without ad-
verse events or signs of pyridine-related toxicity. Clini-
cal and microbiological resolution was achieved, and 
no relapses were detected during the follow-up period.
Conclusions: This case demonstrates that continuous 
12-hour infusion of ceftazidime-avibactam via elasto-
meric pumps is a feasible and safe strategy for manag-
ing complex CRE infections in the OPAT setting. Such 
tailored approaches can enhance patient quality of life 
and reduce hospital stays, though further prospective 
studies are needed.
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osteomyelitis, thereby enhancing patient quality 
of life and potentially reducing complication 
risks [3, 4]. The use of these devices allows con-
sistent drug levels and improved therapeutic ef-
ficacy even in the outpatient setting [5, 6]. Recent-
ly Ferreiro et al. demonstrated not only effective-
ness and safety but also the potential economic 
benefit of the administration through an elasto-
meric pump of piperacillin-tazobactam in OPAT 
compared to conventional inpatient treatment in 
severe infections, including those caused by 
Pseudomonas aeruginosa [7]. Ceftazidime-avibac-
tam is a pivotal drug for treating infections 
caused by CR-GNE but, according to the current 
approved labelling it is not stable for a period 
longer than 12 hours. This limitation represents a 
significant barrier for its use in OPAT regimens, 
where 24 hours stability is often necessary for 
both OPAT services working schedules and pa-
tient compliance [7, 8]. This case report aims to 
describe the successful management of a vascular 
prosthetic infection caused by a carbapenem-re-
sistant Klebsiella pneumoniae using ceftazi-
dime-avibactam administered via an elastomeric 
pump in an outpatient setting.

n	 CLINICAL CASE

A 78-year-old male patient allergic to penicillin 
with a history of diabetes mellitus, peripheral ar-
tery disease, chronic obstructive pulmonary dis-
ease and ischemic cardiomyopathy underwent 
axillo-femoral-bypass in July 2023 per peripheral 
artery disease in another hospital and was read-
mitted in October of the same year showing signs 
of infection. The patient was treated with broad-
spectrum antibiotics and surgical debridement 
and distal graft substitution with isolation of Ente-
rococcus faecium, Staphylococcus aureus methicil-
lin-resistant (MRSA) and an extended-spectrum 
β-lactamase (ESBL)-producing Klebsiella pneumoni-
ae isolate.
The patient was discharged but was again hospi-
talized in February 2024 when he showed new lo-
cal signs of infection with right inguinal fistuliza-
tion. On February 2nd he underwent surgical de-
bridement without graft removal and antimicrobi-
al therapy including cefepime and linezolid fol-
lowed by ertapenem and linezolid after isolation 
of MRSA and K. pneumoniae ESBL-producer in 
surgical samples. On February 17th the linezolid 
and ertapenem were substituted with daptomycin 

Figure 1 - Clinical case timeline.
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500 mg daily and ceftazidime-avibactam 2.5 g 
three times a day due to cytopenia induced by lin-
ezolid and wound purulent discharge with isola-
tion from a wound swab of an ESBL-producing K. 
pneumoniae strain resistant to ertapenem and 
ceftolozane-tazobactam. On March 3rd anti-biofilm 
therapy with oral rifampin 600 mg daily was also 
added.
On March 12th the patient improved and was 
transferred near his house to our Infectious Dis-
eases department at Borea Hospital (Sanremo, 
Liguria, Italy) with the indication of continuing 
the current therapy. 
Due to patient request for early discharge, from 
March 19th ceftazidime-avibactam was adminis-
tered through elastomeric pump at the dosage of 5 
g every 12 hours using a PICC central venous 
catheter. Off-label request was approved by the 
drug regulatory commission of the hospital and 
informed consent was signed by the patient. The 
OPAT approach implemented for our patient con-
sisted of a Day Hospital–based program, support-
ed by the inpatient service for elastomeric pump 
replacement during late evening hours and 
throughout weekends. During the treatment peri-
od, markers of inflammation and kidney and liver 
function were monitored twice a week.
On April 2nd the patient was discharged home and 
continued in Day Hospital the treatment with 
daptomycin, ceftazidime-avibactam and rifampin 
until May 10th with resolution of signs of infection 
and without adverse events. No evidence of clini-
cal or microbiological relapse was detected during 
the follow-up. The post-treatment follow-up peri-
od lasted six months and included monthly clini-
cal evaluations and assessment of inflammatory 
markers (Figure 1).

n	 DISCUSSION 

Ceftazidime-avibactam was approved by Europe-
an and Italian Drug Agencies for intravenous 
treatment of infection caused by difficult-to-treat 
Gram-negative bacteria at the dosage of 2.5 g three 
times a day in extended 3-hours infusion. This 
schedule is not sustainable by most OPAT services 
due to the necessity of multiple home accesses, but 
several recent papers have progressively ad-
dressed this issue. 
Recent OPAT experiences have progressively sup-
ported the use of ceftazidime-avibactam adminis-

tered by continuous infusion through elastomeric 
devices. Torres-Del-Pliego et al. first described suc-
cessful home administration, while Goncette et al. 
demonstrated that a regimen of 5 g every 12 hours 
achieved adequate PK/PD exposure and thera-
peutic concentrations in most patients [9, 10]. 
More recently, Merad et al. reported prolonged 
outpatient administration in complex bone and 
joint infections [1]. These experiences suggest that 
a 12-hour infusion schedule may represent a prac-
tical strategy to balance antimicrobial exposure, 
stability constraints and OPAT feasibility. Further-
more, these clinical issues are well supported by 
stability data, in fact Naicker et al. showed that 
ceftazidime-avibactam may be acceptable to ad-
minister as a 12-hour infusion observing a degra-
dation <10% [11]. Of note, a further element of 
concern in the use of continuous infusion of cef-
tazidime-avibactam in elastomeric pump could be 
accumulation of degradation products especially 
pyridine but pyridine-related toxicity has not been 
documented over previously cited clinical utiliza-
tion [1, 9-12]. The pyridine exposure limit has been 
established at 100 mg limit but according to Naick-
er et al. even at the highest dose tested (6000 mg in 
240 ml) the maximum amount was 76.9 mg in the 
EASYpump device and 60.2 mg in the Dosi Fuser 
device [11].
More recently Erdmann and Coll confirmed that a 
12-hour infusion could represent an option in or-
der to achieve efficacious drug concentration, lim-
iting toxicity and managing patient in a home care 
setting [13]. Stability assessments of ceftazi-
dime-avibactam for OPAT are influenced by the 
regulatory criteria applied. The study by Naicker 
et al. demonstrated that ceftazidime-avibactam 
did not meet the stringent UK NHS Yellow Cover 
Document (YCD) requirements for prolonged 
storage and administration, although the prepara-
tion may be considered acceptable under less re-
strictive criteria adopted in other European set-
tings [11]. In light of these data, we adopted a 12-
hour administration schedule to ensure drug sta-
bility throughout infusion.
The selection of a PICC was not solely based on 
logistical considerations but was largely guided 
by pharmacological factors, such as solution os-
molarity, pH, the duration of infusion therapy and 
the need to reduce venous toxicity and phlebitis 
risk (Table 1). Of note the choice of PICC access 
over peripheral intravenous access was also due 
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to vescicant and pharmacological properties of 
daptomycin. This approach is in line with the find-
ings reported by Borgonovo [14].
The lack of therapeutic drug monitoring (for logis-
tical reasons) for ceftazidime-avibactam repre-
sents the main limitation of our report as individ-
ual PK/PD target attainment could not be con-
firmed. Moreover, no pyridine-related toxicity 
was observed in our patient, but this finding can-
not rule out a population-level risk. So additional 
pharmacovigilance data and prospective studies 
are warranted. 
In light of these considerations, our therapeutic 
strategy should be viewed as a pragmatic and ev-
idence-based clinical approach, grounded in avail-
able pharmacological and clinical data rather than 
a purely anecdotal decision.

n	 CONCLUSIONS

Our clinical case highlights the possibility of treat-
ing a difficult-to-treat infection with a continuous 
infusion of ceftazidime-avibactam 5 g every 12 
hours although we encountered multiple difficul-
ties including the site of infection, presence of 
prosthetic material and the twice-a-day hours 
schedule of administration. This approach is now 
sustained by several pharmacological and clinical 
data and should be taken into consideration in se-
lected cases when a tailored approach is required 
but must be noted that more detailed prospective 
studies are needed .
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