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Abstract: According to clinical guidelines, the management of catheter-related bloodstream infections
(CRBSI) due to coagulase-negative staphylococci (CoNS) includes catheter removal and antibiotic
treatment for 5 to 7 days. However, in low-risk episodes, it remains uncertain whether antibiotic
therapy is necessary. This randomized clinical trial aims to determine whether the non-administration
of antibiotic therapy is as safe and effective as the recommended strategy in low-risk episodes of
CRBSI caused by CoNS. With this purpose, a randomized, open-label, multicenter, non-inferiority
clinical trial was conducted in 14 Spanish hospitals from 1 July 2019 to 31 January 2022. Patients
with low-risk CRBSI caused by CoNS were randomized 1:1 after catheter withdrawal to receive/not
receive parenteral antibiotics with activity against the isolated strain. The primary endpoint was the
presence of any complication related to bacteremia or to antibiotic therapy within 90 days of follow-
up. The secondary endpoints were persistent bacteremia, septic embolism, time until microbiological
cure, and time until the disappearance of a fever. EudraCT: 2017-003612-39 INF-BACT-2017. A total
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of 741 patients were assessed for eligibility. Of these, 27 were included in the study; 15 (55.6%) were
randomized to the intervention arm (non-antibiotic administration) and 12 (44.4%) to the control arm
(antibiotic therapy as per standard practice). The primary endpoint occurred in one of the 15 patients
in the intervention group (septic thrombophlebitis) and in no patients in the control group. The
median time until microbiological cure was 3 days (IQR 1-3) in the intervention arm and 1.25 days
(IOR 0.5-2.62) in the control arm, while the median time until fever resolution was zero days in both
arms. The study was stopped due to the insufficient number of recruited patients. These results seem
to indicate that low-risk CRBSI caused by CoNS can be managed without antibiotic therapy after
catheter removal; efficacy and safety are not affected.

Keywords: antibiotic stewardship; catheter-related bloodstream infection; coagulase-negative staphylococci;
healthcare related infection

1. Introduction

The use of endovascular catheters is a standard practice in the hospital setting [1].
A recent study reported that around 80% of patients admitted to medical wards have
one or more catheters inserted during admission, of which 95% are short-term peripheral
catheters [2]. Vascular catheters are among the most frequent causes of nosocomial bac-
teremia, being associated with between 15% and 30% of all cases [3,4]. The rate of catheter-
related bloodstream infection (CRBSI) has been estimated between 0.1 and 2.7 episodes
per 1000 catheter days [5], and Staphylococcus epidermidis has been identified as the most
frequently involved microorganism [6-8].

The usual approach to CRBSI consists of catheter withdrawal and the administration
of antibiotic treatment. The existence of local signs of infection is an absolute criterion
for device removal. Recurrent bacteremia and metastatic infections are frequent. How-
ever, in certain circumstances, catheter retention may be considered, especially when the
source of the infection is an indwelling permanent central venous catheter. Antibiotic treat-
ment is also started and is usually prescribed for 5-14 days, depending on the causative
microorganism [9-11].

CRBSI caused by coagulase-negative staphylococci (CoNS)—is a distinctive scenario
because of the microorganism'’s low virulence and the difficulty of differentiating between
contamination and true bacteremia, given that CoNS are frequent skin colonizers. An
exception is Staphylococcus lugdunensis, which is an infrequent but aggressive cause of
infectious endocarditis [7,12].

Management of CoNS CRBSI includes catheter withdrawal and the administration of
antibiotic treatment for 5-7 days (level of evidence B-III). On occasion, in accordance with
expert opinion (level of evidence C-III), catheter withdrawal may be considered without
the initiation of any specific treatment [9,13-15]. With cure rates around 100%, this strategy
can be applied in immunocompetent patients who are hemodynamically stable and have
no prosthetic materials other than the catheter [9]. However, to date, these two therapeutic
options have not been compared in a randomized clinical trial. The aim of the present
multicenter clinical trial is to determine whether the non-administration of antibiotics is as
safe and effective as antibiotic therapy in CRBSI caused by CoNS among patients with low
risk factors for complications managed with vascular catheter withdrawal.

2. Results
2.1. Study Population

A total of 741 patients had a CRBSI caused by CoNS during the study period. Of
these, 27 were included in the study; 15 (55.6%) were randomized to the intervention arm
(non-antibiotic administration) and 12 (44.4%) to the control arm (antibiotic as per standard
practice) (Figure 1). Clinical and demographic characteristics are displayed in Table 1. The
median age was 62 years, 52% were women, 55% had a Charlson score greater than 4,



Antibiotics 2023, 12, 839 3of11

11% had cirrhosis, 7% had chronic obstructive pulmonary disease and chronic renal failure,
and 3.7% had heart failure. Most episodes occurred in surgical units (60%), with CVC
(44%) and PICVC (40%) being the most frequently involved catheters. Seventy per cent of
catheters were used for parenteral nutrition. At the moment of inclusion, 63% of patients

had fever.
714
Excluded patients [N, %)
741
+ - inclusion delay (172, 24%)
Patients with CRBSI |
- haemodynamic instability (74, 10.6%)
- endovascular er articular devices (72, 10.1%)
- immunosupression (65, 9.1%)
o - no catheter withdrawal (66, 9.2%5)
27
- medical criteria (58, B.1%)
Randomized patients
; a i - other reasons (207, 29%) (*)
15 12
Analysis per
intention to treat Intervention arm Control arm
(non-antibiotic administration) (antibiotic as usual practice)
2
Ot of protocol
12
Analysis 2=
Intervention arm Control arm
per protocol
{non-antibictic administration) (antibiotic as usual practice)

{*} Other reasons: catheter not removed in the 72 hours prior to inclusion (49), permanent or
long-term catheter (41) moderate/severe valvular heart disease (22), Fever originating more
than 72 hours prior to catheter removal (21), complicated CRB5I {20), hospital discharge [16),
need of other active antibiotics (11), not sign the informed consent (5), Staphylococcus
lugdunensis (3], pregnancy/breastfeeding (1), other (17).

Figure 1. Patient flowchart.
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Table 1. Clinical and demographic characteristics of 27 patients included in the study.

Intervention (%) Control (%)
N=15 N=12
Patient characteristics
Age, mean 64 59
Female sex 8 (53.3) 6 (50)
Heart failure 1(7.1) 0
Cirrhosis 2 (14.3) 1(8.3)
Chronic obstr.uctive 1(7.1) 1(83)
pulmonary disease
Renal chronic failure 2 (14.3) 0
Charlson > 4 12 (80) 3 (25)
Clinical presentation
Sepsis 1(6.7) 1(8.3)
Fever 7 (46.7) 10 (83.3)
Local infection 5(33.3) 3 (25)

Catheter characteristics

Days since insertion (median, IQR) 11 days (7-15) 11 days (8.7-14.2)

Site of acquisition

Medical ward 5(33.3) 6 (50)
Surgical ward 10 (66.7) 6 (50)
Catheter type
Midline 1(6.7) 0 (0)
CcvC 7 (46.7) 5(41.7)
PICVC 5 (33.3) 6 (50)
PVC 2 (13.3) 1(8.3)
Site of insertion
Jugular 6 (40) 2(16.7)
Subclavian 1(6.7) 2 (16.7)
Basilic/ cephalic vein 6 (40) 6 (50)
Radial 2 (13.3) 2 (16.7)
Use
- parenteral nutrition 10 (66.7) 9 (75)
- medication or serums 5(33.3) 3 (25)

CVC: central venous catheter, PICVC: peripheral inserted central venous catheter; PVC: peripheral ve-
nous catheter.

The study was stopped before achieving the expected sample as patient recruitment
was too slow. At the end, 27 patients were randomized.

2.2. Primary Outcome

In the ITT analysis, the primary endpoint was recorded in one of the 15 patients in the
intervention group (95%CI: 0.3-34), who presented septic thrombophlebitis, and in none
of the patients in the control group (95%CI: 0-30.1) (Table 2). The per-protocol analysis
presented the same results, with one of the 13 patients in the intervention group presenting
the primary endpoint (with septic thrombophlebitis) (95%CI: 0.4-37.9), and none of the
controls (Table 3) (95%CI: 0-30.1). Apart from septic trombophlebitis, no other adverse
events were recorded.

Table 2. Intention to treat analysis.

Group Failure n N (Total) % CI [95%]

Control No 12 12 100.0 [69.9-100]

Control Yes 0 12 0.0 [0-30.1]
Intervention No 14 15 93.3 [66-99.7]

Intervention Yes 1 15 6.7 [0.3-34]
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Table 3. Per-protocol analysis.
Group Failure n N (Total) % CI[95%]
Control No 12 12 100.0 [69.9-100]
Control Yes 0 12 0.0 [0-30.1]
Intervention No 12 13 92.3 [62.1-99.6]
Intervention Yes 1 13 7.7 [0.4-37.9]

2.3. Secondary Outcomes

In the ITT analysis, the median time until microbiological cure was 3 days (IQR 1-3) in
the intervention arm and 1.25 (IQR 0.5-2.6) in the control arm. The median time until fever
resolution was 0 days (IQR 0-0) in both arms (Table 4). In the per-protocol analysis, the
median time until microbiological cure was 1.5 days (IQR 1-3) in the intervention arm and
1.25 (IQR 0.5-2.6) in the control arm. The median time until fever resolution was 0 days
(0-0) in both arms (Table 5).

Table 4. Secondary outcomes: relative risk per group, per intention to treat.

Control Group Intervention Group
Secondary Variables n (%) CI95% n (%) CI95% RR CI95% p
Persistent bacteraemia 0 0.00 [0-30.13] 1 6.67 [0.35-33.97]
Cbomphcat?d 0 0.00 [0-30.13] 1 667  [0.35-33.97]
acteraemia
Treatment side-effect 0 0.00 [0-30.13] 0 0 [0-25.35]
7-day mortality 0 0.00 [0-30.13] 1 6.67 [0.35-33.97] . . .
90-day mortality 1 8.33 [0.44-40.25] 3 20.00 [5.31-48.63] 2.4 [0.28-20.24] 0.42
Time until
microbiological cure 1.25 days [0.5; 2.62] 3 days [1; 3]
(median, IQR)
Time until fever 0 days [0; 0] 0 days [0; 0]

extinction (median, IQR)

Table 5. Secondary outcomes: relative risk per group, per protocol.

Control Group Intervention Group
Secondary Variables n (%) CI 95% n (%) CI 95% RR CI 95% P
Persistent bacteraemia 0 0.00 [0-30.13] 1 7.69 [0.4-37.91]
Complicated 0 000  [0-30.13] 1 769  [04-3791]
bacteraemia
Treatment side-effect 0 0.00 [0-30.13] 0 0 [0-28.34]
7-day mortality 0 0.00 [0-30.13] 1 7.69 [0.4-37.91] . .
90-day mortality 1 8.33 [0.44-40.25] 3 23.08 [6.16-54.02] 2.77 [0.33-23.14] 0.34
Time until
microbiological cure 1.25 days [0.5; 2.62] 1.5 days [1; 3]
(median, IQR)
Time until fever 0 days [0; 0] 0 days [0; 0]

extinction (median, IQR)

At Day 7 after inclusion, one death occurred in the intervention group. At Day
90, four deaths had occurred (one in the control group and three in the intervention
group), and no CRBSI relapses were observed. No death was related to the CRBSI or the
antibiotic treatment.
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2.4. Screening Failure

A total of 714 patients were excluded (reasons for exclusion are summarized in
Figure 1). Among them, 3.85% died in the first seven days after CRBSI; 90-day mor-
tality was 18.3%. Hemodynamic instability was significantly associated with 7- and 90-day
mortality [RR 1.23 (1.8-12.97) and 1.9 (1.11-2.97) respectively)]. Time until hospital dis-
charge was 18 days (IQR 9-35). Hemodynamic instability and immunosuppression were
associated with longer hospital admission after CRBSL

3. Discussion

This is the first randomized clinical trial comparing two strategies against low-risk
CRBSI caused by CoNS, in which patients were randomly assigned after catheter with-
drawal to receive no antibiotic treatment (interventional arm) or intravenous antibiotic, as
usual practice (control arm). After the inclusion of 27 patients, only one of the 15 patients
included in the interventional group experienced a complication (septic thrombophlebitis)
and no patient died due to the CoNS CRBSI. This strategy has the advantage of avoiding
unnecessary antibiotic adverse effects and reducing broad-spectrum antibiotic use against
the most frequent cause of nosocomial CRBSI. In addition, since most CoNS are resistant to
beta-lactams, vancomycin is usually needed for its treatment. Thus, the selection pressures
for vancomycin-resistant Enterococcus and vancomycin- intermediate Staphylococcus aureus
may be reduced by decreasing the use of vancomycin.

Due to the low virulence of CoNS, these infections usually have benign courses.
However, several risk factors for CoNS CRBSI-related mortality have been described,
associated with either the host [16], the severity of bacteremia, or the maintenance of the
catheter [17]. Other studies have observed an increased risk of recurrent bacteremia [18,19]
or longer hospital stays [20,21] if the catheter is not removed.

Despite the low virulence of CoNS, the current guidelines recommend catheter with-
drawal and 5-7 days of antibiotic therapy [9,13]. However, shortened antibiotic treatment,
or even no antibiotic at all, has been proposed in patients without risk factors for com-
plications [7,9]. In a recent retrospective study, San Juan et al. found no differences in
mortality or recurrence risk when comparing short (<3 days) and long (>3 days) antibiotic
regimens in CRBSI caused by CoNS. However, differences in baseline characteristics of
the two groups were observed, given that patients receiving long antibiotic therapy had
more risk factors for complications and a more severe clinical presentation [19]. In another
retrospective study, Hebesien et al. did not observe significant differences in short- and
long-term complications between the group of patients receiving antibiotic treatment and
those that did not. However, in that study, CRBSI was defined as the growth of CoNS
in the tip culture and in one rather than two bloodstream cultures, and it was difficult to
distinguish from colonization. In addition, in the antibiotic group, there was a significantly
higher proportion of immunosuppressed patients [22]. Similarly, in another retrospective
cohort study of risk factors for mortality in CoNS bacteremia, Park et al. did not observe
significant differences between the groups managed with or without appropriate empirical
treatment. Pitt bacteremia score and retention of eradicable foci were identified as risk
factors for mortality [17].

The main limitation of our study is the scarce number of patients included, which did
not allow for the achievement of the calculated sample size. Undoubtfully, it was due to
the restrictive definition of low-risk bloodstream infection. In addition, the SARS-CoV-2
pandemic presented an additional difficulty for patient recruitment. In fact, 172 patients
could not be included due to inclusion delay. However, no clinical trials have compared
these strategies to date. Despite the failure to obtain the desired sample size, our results
seem to indicate that low-risk CoNS CRBSI may be managed without the administration of
antibiotics, making this strategy safe and effective.
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4. Materials and Methods
4.1. Setting

The study was conducted at 14 Spanish National Health System hospitals that partici-
pate in the healthcare-related Infections Study Group of the Spanish Society of Infectious
Diseases and Clinical Microbiology (https:/ /geiras-seimc.org, accessed on 6 April 2023).

4.2. Study Design

Randomized, open-label, multicenter clinical trial to demonstrate the non-inferiority of
non-administration of antibiotics compared to antibiotic treatment in episodes of low-risk
CoNS CRBSI from 1 July 2019 to 31 January 2022.

Before randomization, patients were treated according to usual practice. Patients were
randomly 1:1 assigned after catheter withdrawal to: (1) Intravenous antibiotic with activity
against the isolated CoNS strain for 5-7 days, at the discretion of the clinician responsible;
and (2) No antibiotic treatment after randomization. The treatment arm was assigned
centrally and automatically by a computer platform once the patient’s eligibility criteria
were verified. Randomization was stratified according to the participating center and the
use of any antibiotic treatment at the time of enrollment.

Patients were monitored daily for at least seven days or until treatment was completed
if CRBSI became complicated. Blood cultures were performed on Days 1 and 3 in all cases,
and daily if previous blood cultures were positive or if fever or signs of sepsis persisted.
Patients were followed up for 90 days after the diagnosis of the CRBSI caused by CoNS.

If viable bacteria were detected in blood cultures for more than 48 h after inclusion in
the study, patients initiated antibiotic treatment, and the case was considered as a failure of
the initial strategy.

The study was interrupted in the case of voluntary withdrawal of consent, protocol
violation, serious adverse event, loss to follow-up, or at the discretion of the attending
physician or study investigator.

4.3. Study Population

Patients >18 years with CRBSI caused by CoNS without risk factors for complications.

Inclusion criteria: age > 18 years, CRBSI caused by CoNS (see definition), catheter
removal in the 72 h prior to inclusion, provision of signed informed consent to participate
in the study.

Exclusion criteria

- Pregnancy or breastfeeding

- Growth of CoNS of the species Staphylococcus lugdunensis

- Patients whose catheter had not been removed in the 72 h prior to inclusion

- Patients with moderate-to-severe valvular heart disease

- Patients with compromised immunity or neutropenia < 500 Ne/uL

- Hemodynamically unstable patients presenting as septic shock

- Patients with evidence of septic thrombophlebitis or distant infection

- Patients with artificial endovascular or articular devices

- Patients with permanent or long-term catheters

- Any circumstance that, at the discretion of the physician responsible, might entail a
clinical risk, might negatively affect the patient’s participation in the study, or might
interfere with the evaluations

- Fever originating more than 72 h prior to catheter removal.

4.4. Safety Data

All adverse events during the study were recorded, and those related to the infection
or to the antibiotic administered were reported to the sponsor within 24 h of the diagnosis.
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4.5. Definitions [23]

CRBSI caused by CoNS: Detection of CoNS growth (excluding Staphylococcus lug-
dunensis) in a patient with a vascular catheter, in at least two blood cultures obtained from
peripheral blood in a patient with clinical manifestations of infection without other apparent
sources of bacteremia, with the exception of the catheter itself and one of the following:

(1) Quantitative hemocultures with detection of the same microorganism, with a propor-
tion of 5:1 or more between the blood obtained from the lumens of a central venous
catheter (CVC) or a peripheral-inserted central catheter (PICC), and that obtained
from a peripheral vein.

(2) Semi-quantitative culture (>15 UFC/catheter segment) or quantitative (>10° UFC/catheter
segment) with detection of the same microorganism (at species level with identical
antibiogram) as in the hemocultures obtained from peripheral blood.

(38) Time to positivity of the hemocultures above two hours between the hemocultures
obtained from blood from a peripheral vein and those obtained from the lumen of a
venous catheter.

(4) Presence of inflammatory signs or of purulent secretion at the point of insertion or in
the path of the subcutaneous tunnel of a venous catheter of any type.

(5) Resolution of the clinical signs and symptoms after the removal of a CVC or PICC or
a suitable antibiotic treatment.

- Low-risk catheter-related bloodstream infection: CRBSI in a hemodynamically stable,
immunocompetent and with lack of risk factors for local or distant complications.

- Complicated bacteremia: evidence of distant infection or septic thrombophlebitis.

- Persistent bacteremia: detection of CoNS growth 48 h after randomization.

- Microbiological cure: lack of growth in blood cultures.

Time until microbiological cure: days from randomization until the first negative
blood culture
Time until fever resolution: days with fever from randomization.

4.6. Endpoints

The primary endpoint was the presence of one of the following: persistent bacteremia,
complicated bacteremia, or the presence of any complication related to the administration
of antibiotics during the study follow-up.

The following secondary endpoints were assessed separately: persistent bacteremia,
complicated bacteremia, time until microbiological cure, and time until fever resolution.

4.7. Sample Size

It was expected that the rates of patients presenting the composite variable would
be 12% for the group of patients treated with antibiotics and 7% for the group without
antibiotics. Considering a delta of 7%, a sample size of 125 patients per group would allow
us to detect non-inferiority with a beta error of 90% and a one-sided alpha error of 2.5%.

4.8. Microbiology Studies

Two sets of two blood samples obtained from a peripheral vein were obtained from
all patients with a suspected bloodstream infection. An additional blood sample was also
obtained through the catheter. When possible, the catheter tip was cultured after removal.
Each hospital identified the strain and performed preliminary susceptibility tests. Blood
samples were processed at the microbiology laboratories of each participating center in ac-
cordance with standard operating procedures. CoNS identification was carried out through
matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF
MS, Bruker Daltonik GmbH, Bremen, Germany). Susceptibility to antibiotics was assessed
by the microdilution method and interpreted according to the European Committee for
Antimicrobial Susceptibility Testing (EUCAST) recommendations and criteria [24].
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4.9. Statistical Analysis

The statistical analysis was carried out in accordance with the principles specified in
the International Conference on Harmonization (ICH) Topic E9 (CPMP/ICH/363/96) [25].
The general approach to the statistical analysis comprised:

Descriptive statistical methods, including number of missing values, number of valid
values, their observed range, mean, median, standard deviation, and 95% confidence
interval for the mean were used to describe the quantitative variables. Categorical variables
were described as the number of cases and the percentage with respect to the total. The level
of statistical significance was set at a p-value < 0.05. Main variable analysis was carried out
by calculating the percentage accompanied by a 95% confidence interval for each group,
and a z-test was used to test the hypothesis. Secondary variables were compared using the
general strategies described previously, in addition to the relative risk accompanied by a
95% confidence interval.

Statistical analyses were performed with R software version 4.2.1 or higher.

Two different analyses were performed: the intention to treat analysis (ITT), which
included all randomized patients in the study, ignoring protocol deviations, and the per-
protocol (PP) analysis, with the inclusion of a subset of the ITT patients who completed the
study without any major protocol violations.
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