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ABSTRACT

Introduction: The objective of this study was to
describe two challenging cases of intravascular
foreign body infections caused by multidrug-
resistant Gram-negative pathogens requiring
complex antimicrobial regimens including
cefiderocol and successfully treated without
implant removal.
Methods: Clinical charts and microbiological
reports of the clinical cases.

Results: Case 1 included a left ventricular assist
device (HEARTMATE 3TMAbbot�) infection due
to Achromobacter xylosoxidans, while case 2
included a portal prosthesis infection due to
Pseudomonas aeruginosa. As the pathogens were
multidrug-resistant (MDR), both cases required
antimicrobial regimens with cefiderocol; treat-
ment was successful without implant removal.
Importantly, case 1 presented a probable, drug-
induced thrombocytopenia, a non-previously
described side effect related to cefiderocol.
Conclusion: Cefiderocol may be an additional,
promising drug to the available arsenal, even for
challenging foreign body infections caused by
MDR Gram-negative pathogens.
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Key Summary Points

Multidrug-resistant (MDR) Gram-negative
(GN) infections have become a major
health problem worldwide.

Intravascular infections are particularly
challenging when they involve non-
removable devices and are caused by MDR
microorganisms.

Cefiderocol is a promising added drug to
the available armamentaria against MDR
Gram-negative bacteria.

The cases reported here suggest the
potential use of cefiderocol in foreign-
body infections.

Cefiderocol could induce drug-related
thrombocytopenia.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13348340.

INTRODUCTION

Multidrug-resistant (MDR) Gram-negative
infections have become a major health problem
worldwide [1]. Such infections are associated
with high morbidity and mortality, affecting
patients with poor medical conditions who
more often receive inadequate empirical ther-
apy and whose final treatment, in most cases,
includes nephrotoxic antibiotics such as ami-
kacin or colistin [2].

In Gram-negative bacteria, the bacterial
outer membrane (absent in Gram-positive bac-
teria) can restrict b-lactam entry and contribute
to a concentration of b-lactamase molecules.
High levels of resistance can occur if either

reduced entry or increased efflux sufficiently
excludes b-lactam molecules from the periplas-
mic space, or a heavy concentration of b-lacta-
mase molecules is present. To increase the
efficacy of well-known antibiotics, clinicians
can use the ‘‘Trojan horse’’ strategy, in which
drugs are transported into the periplasmic space
via the iron uptake pathway. That stated,
cefiderocol is a cephalosporin with a catechol
group in the side chain at position 3 that binds
free iron (siderophore) and confers additional
stability against a wide range of serine and
metallo ß-lactamases[3, 4]. In recent surveil-
lance studies that tested bacterial clinical iso-
lates from the United States, Asia–Pacific and
Europe, MIC90 for cefiderocol against mer-
openem-non-susceptible (MIC[4 mg/L) iso-
lates of Enterobacteriaceae, Pseudomonas
aeruginosa (Pae), Acinetobacter baumannii and
Stenotrophomonas maltophilia [5] was B 4 mg/L
in all cases, except for Enterobacteriaceae har-
boring SHV/TEM extended-spectrum ß-lacta-
mases (ESBL), NDM and KPC-2 in the same
strain that have MIC values of 0.5–8 mg/L [6–9].

In vivo efficacy of cefiderocol has been doc-
umented in multiple, humanized drug exposure
murine and rat models of infection using dif-
ferent MDR and extremely drug-resistant (XDR)
strains [10]. In humans, efficacy and safety of
this cefalosporin (2 g/8 h) was evaluated in a
randomized clinical trial against
imipenem/cilastatin (1 g/8 h), with both being
administered intravenously for 7–14 days for
1 h in hospitalized adults with urinary tract
infections [11] and in patients with nosocomial
pneumonia[12]. However, more reports assess-
ing the use of cefiderocol are necessary to
understand the efficacy and safety of this drug.

We describe two severe infections caused by
MDR-Achromobacter xylosoxidans (Ax) and XDR-
Pae, in which both involved non-removable
intravascular devices and treatment was suc-
cessful with combined regimens with
cefiderocol.

METHODS

We described the characteristics and outcome of
two patients who received cefiderocol for severe
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Fig. 1 Descriptions of pathogen susceptibility patterns, antibiotic consumption, blood culture results and main clinical and
biochemical parameters in case 1 (a) and 2 (b)

Infect Dis Ther (2021) 10:575–581 577



infections caused by MDR pathogens. We also
reviewed published data of randomized trials,
case reports and in vitro activity of cefiderocol.
Written informed consent for publication of
this article was obtained from both patients.
Patients were identified by reviewing records,
no formal evaluation of ethics committee was
required.

RESULTS

Patient 1

A 66-year-old man with refractory chronic heart
failure with poor response to medical treat-
ment, and a slow-growing lung adenocarci-
noma contraindicating a heart transplant,
received a left ventricular assist device
(HEARTMATE 3TMAbbot). While under
mechanical ventilation, he presented with a
purulent tracheobronchitis due to MDR-Ax. The
patient received piperacillin-tazobactam at
4.5 g/6 h in accordance with the susceptibility
pattern (Fig. 1a); however, at day 5, the patient
remained febrile and blood cultures tested pos-
itive for the same strain. The patient then
received tigecycline 100 mg/12 h and colistin 3
MU/8 h intravenously. Bacteriemia persisted for
21 days. A cardiac and corporal 18F-FDG-posi-
tron emission tomography, combined with
computed tomography, did not show septic
metastases. Although the device did not reveal
any relevant uptake, long-lasting bacteremia
and the absence of other identified active foci
led to the assumption of a device-associated
infection. Cefiderocol was reported as sensitive
in our laboratory, with an inhibition halo of
21 mm. The drug was therefore requested
through the compassionate use program and
started 25 days after the first positive blood
culture. Yet, a final blood culture performed just
prior to cefiderocol administration tested nega-
tive. The administered dose was 2 g/8 h in a 3-h
infusion, while piperacillin-tazobactam and
tigecycline remained. Colistin was discontinued
due to renal function deterioration. Weekly
surveillance blood cultures tested negative dur-
ing treatment. Within 3 days of cefiderocol
administration, C-reactive protein serum

concentration progressively decreased and
patient’s health improved. Within 14 days of
dual ß-lactam therapy, the patient developed
thrombocytopenia (53,000 platelets/mm3).
Cefiderocol was, therefore, discontinued while
piperacillin-tazobactam and tigecycline were
continued for 28 additional days. Platelet count
returned to baseline levels within 3 days of
cefiderocol discontinuation. Oral suppressive
therapy with minocycline was prescribed; at
12-month follow-up, the patient was in good
clinical condition and blood cultures repeatedly
tested negative.

Patient 2

A 55-year-old man was admitted to the hospital
for portal revascularization. He presented with a
thrombophilic disorder that caused portal cav-
ernomatosis and acute mesenteric thrombosis
that required ileal resection. Additionally, the
patient had underwent a renal transplant in
2013.

Portal revascularization was achieved via a
transjugular intrahepatic portosystemic shunt
insertion; however, complications arose due to
a bilioportal fistula and bacteremia caused by
XDR-Pae. The patient, therefore, received mer-
openem 2 g/8 h as well as colistin 3 MU/8 h due
to persistent fever. Infection persisted for more
than 1 month, suggesting a shunt infection; the
patient developed kidney function deteriora-
tion (Fig. 1b). The patient then underwent a
combined kidney–liver transplant, although the
distal part of the portal prosthesis (approxi-
mately 20%) could not be removed during sur-
gery. In spite of intravenous colistin being
administered before and after transplant sur-
gery, the patient presented with bacteremia due
to the same XDR-Pae, presumably from the
residual shunt, within 5 days of surgery. The
bacteremia probably superinfected an intraab-
dominal hematoma, subsequently requiring
surgical drainage. XDR-Pae grew on both the
surgical cultures of the shunt and the intra-ab-
dominal hematoma. Disk diffusion test for
cefiderocol showed an inhibition zone of
23 mm, and it was therefore requested through
a compassionate use program. The patient
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initially received intravenous cefiderocol 2 g/
8 h in a 3-h infusion and colistin 3 MU/8 h for
2 weeks, with an additional 4 weeks of cefide-
rocol as monotherapy. No adverse events were
observed during antibiotic treatment. The
patient’s evolution with respect to persistent
bacteremia by XDR-Pae was good, with negative
blood cultures, no further episodes of fever, and
infection-free status within 3 months of antibi-
otic treatment discontinuation.

Written informed consent for inclusion in
this report was obtained from both patients.

DISCUSSION

Our report is the first to describe the outcome of
two patients with severe infections due to
Gram-negative bacteria that involved non-re-
movable intravascular devices. In both cases,
treatment with combined regimens with
cefiderocol was successful and no implant
removal was necessary. A recent study using a
worldwide collection of 8954 clinical isolates of
Pae, Enterobacteriaceae, Acinetobacter bauman-
nii, Stenotrophomonas maltophilia and Burkholde-
ria cepacia, collected from 2015 to 2016,
revealed that cefiderocol demonstrated potent
in vitro activity (MIC B 4 mg/L) against the
majority (99.4%) of these isolates, including
MDR strains [8, 13].

We assumed that both patients presented
with intravascular device-associated infection,
given bacteremia persistence and in spite of
correct antibiotic administration per in vitro-
tested susceptibilities and no other secondary
foci. Cefiderocol may have had a role in both
cases. In the first case, the role of cefiderocol
may be less relevant, as blood cultures tested
negative upon drug initiation. However, there
was a clinical and analytical improvement, such
as the rapid CRP decrease after administration
of the drug. As this patient continues receiving
suppressive therapy with oral minocycline
100 mg/12 h, it is not possible to confirm a
complete cure of the infection. However, the
commonly reached serum concentration of
minocycline is\2 mg/L and the MIC of this
drug for this strain was 3 mg/L. Its activity may
have therefore been only partial, which makes it

difficult to assume that minocycline alone is
controlling the infection.

Cefiderocol has also been reported in recent
cases of intravascular devices/infections. Tre-
carichi et al. reported a case of XDR-A. bau-
mannii-causing pneumonia and bloodstream
infection in a patient on extracorporeal mem-
brane oxygenation[14]. Furthermore, a separate,
recent report of endocarditis due to XDR-Pae
was successfully treated with cefiderocol[15].
Although the patient underwent aortic valve
surgery after six doses of cefiderocol, the valve
culture was negative. Thus, cefiderocol may
have potential activity against biofilm-forming
Gram-negative pathogens, which are eager to
capture iron. Infected devices should be
removed whenever possible. When removal
cannot be achieved, antimicrobials retaining
anti-biofilm activity should be prioritized. A
recent report suggests that cefiderocol may
reduce biofilm and may inhibit planktonic
growth of Gram-negative bacteria [16].

Patients in our first case and in that reported
by Edgeworth et al. developed thrombocytope-
nia and neutropenia, respectively. Interestingly,
both patients received cefiderocol and a second
beta-lactam (piperacillin-tazobactam and mer-
openem, respectively) for C 2 weeks. Important
side effects of this kind have never been
described in the literature.

In conclusion, in challenging MDR and XDR
Gram-negative infections, cefiderocol may be
an additional, promising drug to the therapeu-
tic options available for clinicians, even in cases
of difficult-to-treat, intravascular foreign body
infections with non-removable devices.
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