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Abstract
There are no guidelines for the optimal manner and timing of permanent central catheter removal in the hemodynamically 
unstable pediatric hemato-oncology patient with suspected catheter-related bloodstream infections (CRBSI). Our goals were 
to examine current practices of permanent central catheter management and choice of removal in the hemodynamically 
unstable pediatric patient with suspected CRBSI among practitioners in diverse subspecialties. We performed a literature 
review on the subject, and conducted a multi-disciplinary survey included pediatric oncologists, pediatric emergency medi-
cine physicians, and pediatric intensive care physicians whom we queried about their choice of permanent central catheter 
management and removal while treating the hemodynamically unstable pediatric patient with suspected CRBSI. Most of the 
78 responders (n = 47, 59%) preferred to utilize the existing permanent central catheter for initial intravenous access rather 
than an alternative access. There were no significant differences between physician subspecialties (p = 0.29) or training lev-
els (p = 0.14). Significantly more pediatric emergency medicine physicians preferred not to remove the permanent central 
catheter at any time point compared to the pediatric hemato-oncologists, who preferred to remove it at some point during 
the acute presentation (44.4% vs. 9.4%, respectively, p = 0.02).

Conclusion: Our study findings reflect the need for uniform guidelines on permanent central catheter use and indications 
for its removal in the hemodynamically unstable pediatric patient. We suggest that permanent central catheter removal should 
be urgently considered in a deteriorating patient who failed to be stabilized with medical treatment.

What is Known:
• There are no guidelines for the optimal choice and timing of permanent central catheter removal in the hemodynamically unstable pediatric 

hemato-oncology patient with suspected catheter-related bloodstream infection (CRBSI).
What is New:
• We found variations in practices among pediatricians from diverse subspecialties and conflicting data in the literature.
• There is a need for prospective studies to provide uniform guidelines for optimal management of suspected CRBSI in the hemodynamically 

unstable pediatric patient.
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Introduction

Catheter-related bloodstream infection (CRBSI) is a major 
cause of morbidity and mortality among pediatric hemato-
oncology patients [1, 2], particularly during episodes of 
chemotherapy-induced neutropenia [3], but also among 
non-neutropenic non-hospitalized patients [4]. Previous 
studies in pediatric oncology patients reported on an over-
all CABSIs rate of 2.2–7.4 infections per 1000 central 
venous catheter (CVC) days [5, 6]. Adler et al. reported 
35% prevalence of CRBSI among oncologic pediatric 
patients [5]. Young age, low body weight, and hemat-
opoietic stem cell transplantation are all well-recognized 
risk factors for long-term catheter infections [5, 7–11]. 
According to the Infectious Disease Society of America 
(IDSA) guidelines, the indications for long-term catheter 
removal are well-defined when the diagnosis of CRBSI 
has been confirmed, mainly by microbiological recogni-
tion [12].

There are, however, no guidelines on catheter removal 
when CRSBI is suspected but has not yet been confirmed, 
posing a dilemma of whether or not the permanent cath-
eter should be removed [7]. This dilemma is even more 
challenging in the context of unstable patients, who 
require hemodynamic monitoring, fluid intake, antibiot-
ics, blood products, and vasopressors for their stabiliza-
tion [7]. The decision whether to retain or to remove their 
permanent catheter depends upon the perceived balance 
between potential benefits and risks. While some obser-
vational studies found better clinical outcome with an 
early removal of the permanent catheter [7, 13], it should 
be borne in mind that its removal leads to the insertion 
of a new catheter, which may be difficult to perform and 
potentially cause mechanical, infectious, and anesthetic 
complications [7].

There are only sparse data on early versus late catheter 
removal in the setting of unconfirmed CRBSI [7, 13]. The 
current literature is mainly focused upon neonates, most of 
the studies are retrospective with conflicting conclusions, 
and there are no randomized control prospective trials 
addressing these issues [13–18].

Another question that needs to be considered is 
whether to use a permanent vascular access or an alter-
native access during acute hemodynamic deterioration. 
This point is also not well-established in the pediatric 
guidelines [19]. We aimed to examine the current prac-
tices of catheter management and choice of removal in 
the unstable pediatric patient with suspected but uncon-
firmed CRBSI among providers in various subspecial-
ties, and to explore the optimal management in those 
patients.

Materials and methods

We conducted a survey among pediatric hemato-oncologists, 
pediatric emergency medicine (PEM) physicians, and pedi-
atric intensive care unit (PICU) physicians, including both 
fellows and attending physicians, who are regularly involved 
in the acute care of pediatric hemato-oncology patients. The 
online anonymous survey was distributed via email invi-
tations to members of the Israeli specialty-specific profes-
sional societies.

The survey was developed and reported according to guide-
lines published by the Academy group [20]. This custom-
designed survey was based upon the approach taken by similar 
previously published ones [21]. The clinical scenario presented 
in the survey was developed by the current study authors who 
represent the three subspecialties of pediatric emergency medi-
cine, pediatric hematology-oncology, and pediatric intensive 
care, and the complete questionnaire was evaluated for lan-
guage clarity and technical feasibility. Physicians who were 
involved with its preliminary testing did not participate in its 
final application.

The survey included three parts (Appendix): part 1—a 
short clinical scenario detailing a brief patient history, his-
tory of present illness, vital signs, physical examination 
findings, and partial recent laboratory findings. Part 2—five 
questions concerning the preference of vascular access for 
the clinical scenario in part 1. Participants were asked to 
detail their choice of initial vascular access (question 1), 
choice of vascular access for specific interventions if alter-
natives were available (questions 2–4), and their considera-
tion of urgent removal of an implanted central access device 
(question 5). Part 3—demographic and practice characteris-
tics of the survey participant (gender, subspecialty, and years 
of clinical experience). Participants were able to provide 
free-text feedback and comments at the end of the survey.

Statistical analysis

Data entry and analysis were performed with SPSS Statis-
tics, version 28 (SPSS Inc., Chicago, IL, USA). Categorical 
variables were described by number (proportion), and con-
tinuous variables by the mean and standard deviation (SD) 
or the median and interquartile range (IQR), as appropri-
ate. The differences between continuous variables between 
two groups were assessed with Student’s t-test, or one way 
ANOVA between 3 groups, between categorical variables by 
the chi-square or Fisher’s exact test, and between medians 
by the Mann–Whitney U test for independent means. A two-
tailed p < 0.05 value was considered statistically significant.

The study and the online survey were approved by the 
local institutional review board (0753–19-TLV).
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Results

A total of 274 members of the national societies of pediatric 
hematology-oncology, PEM, and PICU physicians practicing 
in 20 children’s hospitals across Israel were invited to partici-
pate in this survey. Seventy-eight responded (28.4% response 
rate, 41 [50.6%] males) and completed all sections of the sur-
vey, and their data were used in the analysis. They included 
pediatric hemato-oncologists (n = 32, 39.5%), PICU physi-
cians (n = 28, 34.6%), and PEM physicians (n = 18, 22.2%). 
Most of the participants identified themselves as attending 
physicians (n = 62, 76%) with a median of 7.5 years of expe-
rience (IQR 4.2–12.0 years), and 16 (19.8%) were fellows.

In the first question, the participants were asked to detail 
their choice of initial vascular access. Table 1 lists initial IV 
access preferences according to subspecialty. Most of the 
study participants (n = 47, 59%) indicated that they would 
prefer to utilize the existing permanent catheter as the ini-
tial choice of vascular access, with the second most com-
mon response being the use of a peripheral intravenous (IV) 
catheter (n = 24, 30%). Only a minority indicated that they 

would prefer a temporary placed central line, an intraosse-
ous (IO) access device, or not having any preference (n = 3, 
3.7%; n = 2, 2.5%, and n = 4, 5%, respectively). A univariate 
analysis showed no significant difference between physician 
subspecialty (p = 0.29), training level (p = 0.14), or gender 
(p = 0.52) in the choice of initial IV access. Table 1 lists 
initial IV access preferences according to subspecialty.

In the ensuing three questions, the participants were given 
a choice between the use of a newly established alternative 
vascular access (either IV or IO) or the existing permanent 
catheter for the delivery of specific treatments. Table 2 dem-
onstrates the preference of treatment access in specific treat-
ments. In question 2, the participants were asked to detail 
their choice of initial vascular access for IV fluid resuscita-
tion. Most physicians opted to use an alternative vascular 
access (n = 51, 64%), and 18 (23%) preferred the use of the 
existing permanent catheter, while 11 (14%) indicated no 
preference. More PEM physicians preferred to use the per-
manent catheter compared to hemato-oncology and PICU 
physicians, who preferred to use an alternative access, how-
ever, these differences did not reach a level of significance 

Table 1  Comparison of initial IV access preference according to subspecialty

IV intravenous, IO intraosseous
Values are given n (%)

Pediatric hemato-oncology 
(n = 32)

Pediatric emergency medicine 
(n = 18)

Pediatric intensive care 
(n = 28)

p value

Permanent catheter 22 (62.8) 7 (38.9) 16 (57.1) 0.29
Alternative access (peripheral IV/IO/

temporary central line)
9 (28.1) 9 (50.0) 11 (39.3)

No preference 1 (3.1) 2 (11.1) 1 (3.6)

Table 2  Comparison of preference of treatment access according to subspecialty

IV intravenous
Values are given n (%)

Pediatric hemato-oncology 
(n = 32)

Pediatric emergency medicine 
(n = 18)

Pediatric intensive care 
(n = 28)

p value

Fluid resuscitation
   Permanent catheter 5 (15.6) 8 (44.4) 4 (14.3) 0.059
   Alternative IV access 21 (65.6) 8 (44.4) 22 (78.9)
   No preference 6 (18.8) 2 (11.1) 2 (7.1)

Antibiotic treatment
   Permanent catheter 17 (53.1) 13 (72.2) 19 (67.9) 0.40
   Alternative IV access 13 (40.6) 3 (16.7) 8 (28.6)
   No preference 1 (3.1) 2 (11.1) 1 (3.6)

Vasopressor administration
   Permanent catheter 9 (28.1) 10 (55.6) 19 (67.9) 0.006
   Alternative IV access 13 (40.6) 5 (27.8) 9 (32.1)
   No preference 10 (31.1) 3 (16.7) 0 (0.0)
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(p = 0.08 and p = 0.059, respectively) (Table 2). In question 
3, the participants were asked to detail their choice of ini-
tial vascular access for empiric antibiotic administration, 
most physicians elected to utilize the existing permanent 
catheter (n = 51, 65%), rather than an alternative vascular 
access (n = 24, 30%), and only a few indicated having no 
preference (n = 4, 5%). There was no significant difference 
between physician subspecialties (Table 2). In question 4, 
the participants were asked to detail their choice of initial 
vascular access for the administration of vasopressors. Most 
of the participants preferred using the existing permanent 
catheter for the administration of vasopressors (n = 40, 50%), 
followed by an alternative vascular access (n = 27, 34%), 
and no preference (n = 13, 16%). There was a significant 
difference between the three subspecialties in their prefer-
ence of access when administering vasopressors (p = 0.006). 
A post hoc analysis revealed significantly higher rates of 
PICU physicians who preferred to use the permanent cath-
eter compared to hemato-oncologists (67.9% vs. 28.1%, 
respectively, p < 0.001). No significant differences were 
found in vasopressor access preference between PICU and 

PEM physicians or between hemato-oncologist and PEM 
physicians (p = 0.08 and p = 0.1, respectively) (Table 2).

In the final question (question 5) in the clinical scenario, 
the study participants were asked to indicate the appropriate 
time to consider removal of the permanent catheter in the 
hemodynamically unstable pediatric patient. Their responses 
to the multiple-choice question are presented in Fig. 1: 48 
physicians (60%) chose to remove the permanent catheter in 
case of failure to stabilize the patient with fluid resuscitation, 
antibiotics, or vasopressors/inotropes. Table 3 demonstrates a 
comparison of timing of permanent catheter removal accord-
ing to subspecialty. Significantly more PEM physicians 
responded that they would not remove the permanent cath-
eter at any time point during the acute situation compared to 
hemato-oncologists (44.4% vs. 9.4%, respectively, p = 0.02). 
Most of the hemato-oncologist physicians (29/32, 90.6%) 
responded that they would remove the permanent catheter 
at some point during the acute presentation. There were no 
significant differences in the choice of permanent catheter 
removal between the PEM and PICU physicians or between 
the PICU and hemato-oncology physicians (Table 3).

Fig. 1  Considerations of 
indwelling catheter removal

Table 3  Comparison of timing of permanent catheter removal according to subspecialty

Values are given n (%)

Pediatric hemato-
oncology (n = 32)

Pediatric emergency 
medicine (n = 18)

Pediatric 
intensive care 
(n = 28)

p value

Immediately, regardless of the insertion of an alternative vascular access 3 (9.4) 0 (0.0) 0 (0.0) 0.01
Following the insertion of an alternative access 6 (18.8) 2 (11.1) 5 (17.9)
If the initial treatment with antibiotics and fluids failed to stabilize the patient 13 (40.6) 3 (16.7) 7 (25.0)
If the administration of vasopressors failed to stabilize the patient 7 (21.9) 5 (27.8) 13 (46.4)
Would not remove it in any time point during the acute situation 3 (9.4) 8 (44.4) 3 (10.7)
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Discussion

When asked about treating an unstable hemato-oncology 
febrile pediatric patient with suspected but unconfirmed 
CRBSI, more than one-half of our study participants, regard-
less of their subspecialty, preferred to utilize the existing 
permanent central line catheter rather than switch to an alter-
native one. However, 60% of the participants responded that 
they would remove the permanent catheter if a change in the 
management, such as the addition of antibiotics, fluids, and/
or vasopressors, failed to stabilize the patient.

The dilemma between using a functional and crucial per-
manent catheter access during resuscitation as opposed to 
not using it and even removing it in the unstable pediatric 
patient with suspected CRBSI is understandable and com-
plex. While the IDSA position is very clear about short-term 
central line removal in the unstable patient and recommends 
its removal in any patient with an acute febrile episode who 
is seriously ill (hypotension/hypoperfusion/end-organ fail-
ure), there are no clear guidelines with respect to permanent 
catheter removal in the unstable pediatric patient with sus-
pected but unconfirmed CRBSI [12]. The current indica-
tions for permanent catheter removal refer solely to the time 
point at which the diagnosis of CRBSI has been established: 
for example, permanent catheter removal is recommended 
in a patient with microbiologically confirmed CRBSI who 
presents with complications, such as severe sepsis [12]. It 
remains unclear, however, which is the preferred strategy for 
patients with suspected catheter-related infection that has not 
yet been confirmed by blood culture results.

In the absence of data from prospective trials, decisions 
regarding the timing of removal of central permanent cath-
eters in infants with bloodstream infections continue to rely 
upon the findings of observational retrospective studies [13]. 
Studies that focused upon catheter removal among neonates 
showed better clinical outcome with early removal when 
there was evidence of microbiological clearance (bacteremia 
or fungemia) and less end-organ involvement and damage 
due to inflammatory cascades [17, 18, 22–27]. However, 
these findings may be due to confounding factors, such as 
clinicians electing to delay permanent catheter removal in 
smaller, less mature, or sicker infants, and they should be 
interpreted cautiously [13]. It should be borne in mind that 
neonatal patients and oncology patients are two different risk 
populations, treated with different CVCs (e.g., percutane-
ously inserted catheters versus surgically implanted cath-
eters) and having different prevalence of pathogens [12, 13].

Previous study among pediatric oncology patients with 
CRBSI reported that the permanent catheter was removed in 
46% of the cases. Hypotension, persistent bacteremia, previ-
ous stem cell transplantation, multiple CABSIs in the same 
CVC, exit-site infection, inappropriate empiric antibiotic 

therapy, and Candida infection were all significantly associ-
ated with increased risk of catheter removal due to antibiotic 
treatment failure [28].

On the other hand, there is a true management challenge, 
which is well recognized by the IDSA guidelines, in the 
removal of surgically implantable intravascular devices in 
children. They suggest validating the presence of a true 
CRBSI before removal and even attempting CRBSI treat-
ment without catheter removal [12]. Several studies have 
reported successful CRBSI management among children 
without catheter removal [29–31]. Viscoli et al. [32] reported 
rates of clinical and microbiologic resolution of 57% without 
removal of the catheter in children with confirmed CRBSI. 
However, together with the above permissive approach, the 
IDSA guidelines emphasize that children that are treated 
without catheter removal should be closely monitored, and 
that the device should be removed in the event of clinical 
deterioration or recurrence of CRBSI [12]. We therefore 
suggest that an urgent catheter removal should be strongly 
considered and not delayed in unstable patients who have 
already deteriorated clinically, especially if they had failed 
to be stabilized with initial medical treatment. However, a 
catheter removal should be performed only following the 
insertion of an alternative access.

Indications for the choice between the use of a perma-
nent catheter versus an alternative vascular access during 
the acute presentation of an unstable patient with suspected 
CRBSI are not provided in the current IDSA guidelines [12]. 
Antibiotic lock therapy is generally recommended as a part 
of the approach for trying to save the permanent catheter in 
children with microbiologically confirmed CRBSI, with the 
recognition that dwell times may be variable, based upon 
limited venous access and the necessity to use the catheter 
[12]. However, in the unstable deteriorating child, together 
with measures taken to save the permanent catheter, it is 
reasonable to use an alternative access, when possible, rather 
than a permanent catheter that is assumed to be the source 
of infection and a possible cause of additional deteriora-
tion [18]. When there is no appropriate alternative vascu-
lar access, however, the treatment should be administrated 
through the permanent catheter, especially in an unstable 
deteriorating pediatric patient who urgently requires the 
administration of fluids and medications for recovery.

Our study has several limitations that bear mention. A 
sampling bias may have occurred with regard to the pro-
portion of responders. Hemato-oncology, PICU, and PEM 
teams are heterogeneous and vary in number and experi-
ence from center to center. Despite our surveyal of all mem-
bers of the Israeli national specialty-specific societies, the 
response rate was only 28.4%. As a result, the low statistical 
power has a reduced chance of detecting a true difference 
in practice.
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The variations in practices among pediatricians from 
diverse subspecialties that were documented in this survey, 
together with conflicting data from the literature, reflect the 
ongoing uncertainty and the need for prospective studies and 
uniform guidelines for optimal management of suspected 
but unconfirmed CRBSI in the hemodynamically unsta-
ble pediatric patient. Future prospective trials may provide 
evidence-based recommendations and potentially improve 
clinical care and patient outcome.

Appendix

Case description:
A 6-year-old boy newly diagnosed with pre-B ALL is 

undergoing the first month of induction, with weekly chemo-
therapy in addition to systemic steroids (IV prednisolone 
60 mg/m2) and omeprazole. Chemotherapy is given via a 
Port-A-Cath. He had been in good general condition when 
seen at the clinic during the preceding week. The CBC shows 
him to be neutropenic (WBC = 1000 cells/µL, absolute neu-
trophil count = 0 cells/µL). He is brought to the emergency 
department by his parents who report that he appeared to be 
weaker and more tired than usual over the past few hours. 
Inspection reveals a pale, weak-appearing child, who was 
only partially responsive to verbal stimulation.

Vital signs: temperature 39 °C (102.2 °F), heart rate 170 
beats/min, blood pressure 65/40 mmHg, respiratory rate 40 
breaths/min, and  O2 saturation 93% in room air. Physical 
examination: extremities cool to touch, peripheral pulses 
weak, and capillary refill time significantly prolonged. Port 
site appearance is good, and there are no other abnormal 
findings.

Question #1:
Which venous access will you use for the initial manage-

ment of this patient?

– Insert a peripheral venous catheter
– Use the existing central line (Port-A-Cath)
– Insert an intraosseous catheter
– Insert a temporary central line
– No preference/no institutional guideline

Question #2:
Assuming an alternative venous access was established 

(peripheral or intraosseous) in addition to the pre-existing cen-
tral line, which would you prefer to use for fluid resuscitation?

– The alternative catheter—peripheral or intraosseous
– The central line (Port-A-Cath)
– No preference/no institutional guideline

Question #3:
Assuming an alternative venous access was established 

(peripheral or intraosseous) in addition to the pre-existing 
central line, which would you prefer to use for administering 
empiric antibiotics?

– The alternative catheter—peripheral or intraosseous
– The central line (Port-A-Cath)
– No preference/no institutional guideline

Question #4:
Assuming an alternative venous access was established 

(peripheral or intraosseous) in addition to the pre-existing 
central line, which would you prefer to use for administering 
vasopressors/inotropes?

– The alternative catheter—peripheral or intraosseous
– The central line (Port-A-Cath)
– No preference/no institutional guideline

Question #5:
In the patient who is hemodynamically unstable, at what 

point in this clinical scenario should an emergent removal 
of the pre-existing central line be considered?

– Immediately at presentation of a hemodynamically unsta-
ble neutropenic patient, regardless of alternative vascular 
access

– At the time of presentation of a hemodynamically unsta-
ble neutropenic patient, immediately after obtaining an 
alternative vascular access

– After fluid resuscitation and empiric antibiotic treatment 
if they fail to stabilize the patient

– After fluid resuscitation, empiric antibiotic treatment, and 
initiation of inotropes if they fail to stabilize the patient

– There is no indication for emergent central line removal 
during this scenario

Demographics:
What is your subspecialty?

– Pediatric Emergency Medicine
– Pediatric Intensive Care
– Pediatric Hematology-Oncology

What is your gender identification?

– Male
– Female
– Prefer not to answer

Are you an attending or a fellow?
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– Attending
– Fellow

Attending physician—how many years of experience do 
you have in your field?

Please add any additional comments or questions.
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