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Background: Central venous access device (CVAD)-related complications are associated with high morbidity
rates. This study was performed to underline the importance of CVAD-complication prevention and treatment.
Methods: An audit of practice of CVAD-related complications in pediatric oncology patients receiving a CVAD be-
tween January 2015 and June 2017was performed. CVADs includedwere totally implantable venous access ports
(TIVAPs), Hickman–Broviac® (HB), nontunneled, and peripherally inserted CVADs.
Results: A total of 201 children, with 307 CVADs, were analyzed. The incidence rates per 1000 CVAD-days for the
most common complications were 1.66 for malfunctions, and 1.51 for central line-associated bloodstream infec-
tions (CLABSIs). Of all CVADs inserted, 37.1% were removed owing to complications, of which 45.6% were owing

to CLABSIs. In 42% of the CLABSIs, the CLABSI could be successfully curedwith systemic antibiotic treatment only.
Of all included patients, 5.0% were admitted to the intensive care unit owing to CLABSI. The HB-CVAD compared
to the TIVAP was a risk factor for CVAD-related complications, CLABSIs and dislocations in particular.
Conclusions: The incidence of CVAD-related complications is high. Research on the prevention and treatment of
CVAD-related complications in pediatric oncology patients should be a high priority for all health care profes-
sionals.
Type of study: Prognosis study (retrospective).
Level of evidence: Level II.
© 2018 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
TIVAP, Totally Implantable Ve-
al Line Associated Bloodstream
nfirmed Bloodstream Infection;
rally Inserted Central Catheter;
ction; CDC, Centers for Disease
Care Unit; TPN, Total Parenteral
n.
, CS, Utrecht, the Netherlands.

. van den Bosch),
.n.j.frakking@umcutrecht.nl
aximacentrum.nl
recht.nl (C.P. van de Ven),

G.T.Loeffen-2@umcutrecht.nl

ijnen).

nc. This is an open access article und
Central venous access devices (CVADs) are essential in pediatric on-
cology. Most commonly used CVADs in pediatric oncology are totally
implantable venous access ports (TIVAPs), and Hickman–Broviac®
(HB) CVADs [1–3]. CVAD-related complications are commonly seen in
this patient group and often result in removal of the CVAD, prolonged
hospital stays, intensive care unit admission, and death [1–22]. Espe-
cially, infections of the CVAD are known to have a high morbidity rate
and can result in early removal of the CVAD [1–22]. Previous studies
performed on the incidence of CVAD-related complications described
little about the severity of CVAD-related complications, the influence
of disease severity of the underlying malignancy during the observed
central line associated bloodstream infections (CLABSIs), the occurrence
of relapses and reinfections after treatment for CLABSIs, and did not ex-
clude mucosal barrier injury-laboratory confirmed bloodstream infec-
tions (MBI-LCBIs) [4–22]. The aim of this study was to observe the
er the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Clavien–Dindo [24] classification per CVAD.

Grade Definitions CVADs, n (%)

No complications No complications during the postoperative
course

98 (31.9)

Grade I Any deviation from the regular postoperative
course without the need for pharmacological
treatment or surgical, endoscopic, and
radiological interventions. Allowed therapeutic
regiments are: drugs as antiemetics,
antipyretics, analgesics, diuretics, electrolytes,
and physiotherapy. This grade also includes
wound infections opened at the bedside.

25 (8.1)

Grade II Pharmacological treatment required for the
treatment of a CVAD-related complication with
drugs other than such allowed for grade I
complications.

63 (20.5)

Grade III Surgical, endoscopic, or radiological
interventions required for the treatment of a
CVAD-related complication.

111 (36.2)

Grade IV Life-threatening complication requiring
intensive care unit admission owing to a
CVAD-related complication.

10 (3.3)

Grade V Death of the patient owing to a CVAD-related
complication.

0 (0.0)

CVAD, central venous access device.
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incidence, severity, and outcome of early and late CVAD-related compli-
cations in order to identify risk factors for CVAD-related complications,
and to evaluatewhat the focal points in CVAD-related complication pre-
vention and treatment should be. By focusing on these aspects, preven-
tative and treatment strategies for CVAD-related complications in
pediatric oncology patients can be developed.

1. Material and methods

1.1. Patients and study design

A review of published literature on CVAD-related complications and
an audit of practice of all patients, 18 years or younger, who received a
CVAD at the Princess Máxima Center for Pediatric Oncology (Utrecht,
The Netherlands), from January 2015 up to June 2017, were performed.
The electronic patient files of these patients were evaluated, and the
outcome measurements described below were scored. Exclusion
criteria were: age older than 18 years, patients with a primary immuno-
logical disorder, and CVADs inserted in any other hospital than the Prin-
cess Máxima Center. Patient/CVAD characteristics scored were age at
insertion, gender, diagnosis, CVAD-type, access vein, surgical introduc-
tion, CVAD lumen number/diameter, number of CVAD-days, and
CVADs per person. Themedical ethics committee of theUniversityMed-
ical Center Utrecht (UMCU) declared that official approval by the med-
ical ethics committee was not required.

1.2. CVAD insertion and maintenance

The appropriate CVADswere chosen by health care professionals de-
pending on the risks, frequency of use, quality of the veins, and dura-
tion/type of treatment [1–3]. Peripherally inserted central catheters
(PICCs), nontunneled (NT) CVADs, HB-CVADs and TIVAPs were
inserted. The HB-CVAD and TIVAP were inserted most commonly
since they provide long-term central venous access. Either a specialized
PICC-team, pediatric anesthesiologist or surgeon inserted the CVADs.
The mode of introduction differed between a (non) ultrasound-guided
percutaneous, open, or rewiring introduction. The maintenance of the
CVAD was managed by experienced pediatric oncologic nurses. The
maintenance of all CVADs consisted of disinfection of the surrounding
skin (chlorhexidine 0.5% in ethanol 70%). The CVAD was flushed with
10 mL sodium chloride (NaCl) (0.9%) before every use and locked
with heparin 100 IU/ml after every use and once every four weeks if
the CVAD was not used. If the CVAD was disconnected for less than
one hour, the CVAD was locked with NaCl 10 mL (0.9%). TIVAPs were
filled with 5 mL and all other CVADs were filled with 3 mL heparin or
NaCl. Needle-free collectors were used for the collection of blood sam-
ples. In case of persistent malfunction, the inability to aspirate or flush
the CVAD, alteplase 2 mL (1 mg/mL) was instilled in the CVAD. When
there was a suspicion of a CLABSI, at least one blood culture per lumen
was collected from the CVAD. Often, empirical systemic antibiotic treat-
ment (SAT) was started. A switch to directed SATwas performed once a
pathogen was cultured. If a Staphylococcus aureus, Pseudomonas
aeruginosa, or Candida spp.was cultured, the CVADwas removed imme-
diately, following the protocol of our institution based on the Infectious
Diseases Society of America 2009 guideline [23]. In all other cases, treat-
ment response was evaluated after 48 h of SAT. If there was no signifi-
cant response after 48 h (e.g. persistence of fever, chills, hypotension,
or persisting positive blood cultures), removal was indicated. If the pa-
tient respondedwell, SATwas continued for one to twoweeks, depend-
ing on the pathogen.

1.3. Definitions and outcome measurements

The primary outcome of this study was the incidence of CVAD-
related complications defined per 1000 CVAD days. The mean CVAD
days until complication, the incidence of severe neutropenia during
CLABSI, the incidence of intensive care unit admission, the severity of
the postoperative complications defined by the Clavien–Dindo classifi-
cation (Table 1) and, when indicated, the reasons for removal were de-
scribed [24]. Complications scored owing to the surgical procedurewere
a pneumothorax or hemothorax, confirmed by a chest X-ray. Surgical
complications defined as “other” included: failure of puncturing the
vein, puncturing an artery, cardiac arrhythmias, hematomas detected
by ultrasound, malfunction and dislocation immediately after insertion.
Complications scored after the surgical procedure were hematomas, in-
fections (local infections and CLABSIs), malfunctions, thromboses, and
mechanical complications (dislocation, breakage/rupture and detach-
ment). Hematomaswere scored if thehematomawas detected by visual
inspection within 2 cm of the CVAD track or exit-site. Local infections
such as phlebitis, exit-site or tunnel-infectionswere diagnosed by a pos-
itive exit-site culture, or erythema, purulent drainage and tenderness
within 2 cm of the CVAD track and exit-site [23]. Patients with a bacter-
emia were classified into patients with a bloodstream infection (BSI),
CLABSI, and MBI-LCBI. A BSI was scored in patients with a bacteremia
that did not meet the CLABSI or MBI-LCBI criteria. CLABSI and MBI-
LCBIwere definedusing theU.S. Centers for Disease Control and Preven-
tion (CDC) criteria (January 2017) [25]. CLABSI was scored if the patient
met one of the following: (1) the patient had a recognized pathogen cul-
tured from ≥1 blood cultures, or (2) the patient had at least one of the
following signs: fever (N 38°C), chills, or hypotension, and the same
matching potential contaminant microorganism had to be cultured
from ≥2 blood cultures drawn on separate occasions. A CLABSI could
only be scored if the CVAD was in place for N48 h on the date of the
event, if no CLABSI with the same microorganism was scored in the
past two weeks (infection relapse time frame), and if the pathogen cul-
tured was not related to an infection at another site [25]. The MBI-LCBI
criteria of the CDC (January 2017) were used to exclude bacteremias
that were more likely caused by the weakened mucosal barrier of the
gut in immunocompromised patients than by CLABSI [25–27]. Malfunc-
tion of the CVAD was defined as difficult aspiration of blood, or inade-
quate flushing of the CVAD lumen [12]. A thrombosis around the
CVAD-tip was diagnosed by ultrasound. Mechanical complications
were defined as the detachment of CVAD parts, dislocation of the
CVAD diagnosed by an X-thorax or a visible cuff, and rupture of the
CVAD parts causing a leakage. Furthermore, the outcomes after CLABSI
treatment were analyzed, e.g. the incidence of successful SAT, relapses
and reinfections. Successful SAT was defined as treatment of CLABSI
with SAT only, without further reinfections. A relapse was scored if



Table 2
Baseline characteristics of TIVAP, HB, NT, and PICC CVADs.

CVAD Total (n=307), n (%)

Introduction
Percutaneous 20 (6.5)
Percutaneous + Ultrasound 216 (70.4)
Open 9 (2.9)
Rewired 8 (2.6)
Missing 54 (17.6)

Type of CVAD
PICC 10 (3.3)
NT 8 (2.6)
HB 123 (40.1)
TIVAP 166 (54.1)

Single or Double lumen
Single 184 (59.9)
Double 123 (40.1)

Lumen diameter (French)
b4 7 (2.3)
≥4–b6 17 (5.5)
≥6–b7 154 (50.2)
≥7–b8 111 (36.2)
≥8 8 (2.6)
Missing 10 (3.3)

Type of vein
Jugular 258 (84.0)
Subclavian 35 (11.4)
Brachial 2 (0.7)
Basilic 6 (2.0)
Cephalic 3 (1.0)
Femoral 2 (0.7)
Missing 1 (0.3)

Side of access
Right 257 (83.7)
Left 48 (15.6)
Missing 2 (0.7)

NT, nontunneled catheter; PICC, peripherally inserted central catheter; HB, Hickman–
Broviac catheter; TIVAP, totally implantable venous access port; CVAD, central venous ac-
cess device.
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the same microorganism was cultured within 14 days, with the same
CVAD still in situ. A reinfectionwas scored if (1) a positive blood culture
was found with another microorganism during treatment of the initial
CLABSI (MBI-LCBI/another infection site excluded), or (2) a CLABSI
with the same microorganism was found after 14 days of treatment,
and if the blood cultures in the period of 14 days of treatmentwere neg-
ative or not obtained. Additionally, the culturedmicroorganisms during
CVAD-infections, and the risk factors for CVAD-related complications
were retrieved. The risk factor analysis was focused on patient- (age at
insertion, and diagnosis) and CVAD-characteristics (surgical introduc-
tion, site, access vein, CVAD-type, lumen diameter, and lumen number).
We chose for an age threshold of two years, since younger patients are
more at risk for CVAD-infections [1]. We hypothesized that patients
less than two years of age, in our hospital, might be more at risk of
CVAD-related complications, owing to a higher risk of self-removal
and more intense chemotherapy (i.e. longer periods of deep aplasia,
and more frequent CVAD manipulation) compared to older patients.
Surgical introduction, site and access vein were excluded in the
multivariant analyses since less than five events were observed in the
subgroups. Since lumen diameter and number corresponded with the
CVAD-type, these were also excluded in the multivariate analyses. Dis-
ease severity of the underlying malignancy and the associated longer
neutropenia episodes have been associated with the incidence of, and
removal owing to CLABSI [16,22,28]. Disease severity was therefore in-
vestigated by scoring the presence of severe neutropenia, a neutrophil
granulocyte count of less than 100×106 /L, during CLABSI in the HB-
CVAD group compared to the TIVAP group.

1.4. Statistical analysis

To study the association between possible risk factors for CVAD-
related complications in general and CLABSIs in particular, univariate
and two multivariable logistic regression models were estimated.
Odds ratios (ORs) alongwith their 95% confidence interval (CI) are pro-
vided. IBM SPSS (version 21) was used to perform the statistical
analyses.

2. Results

2.1. Clinical characteristics

Over a study period of 30 months, 201 patients (52.2% males, 47.8%
females) with a median age at insertion of four years (0-≤18) were in-
cluded. In this patient group, 129 (64.2%) patients were diagnosed
with solid tumors, 61 (30.3%) with hematooncologic malignancies, 9
(4.5%) with neurologic malignancies, and 2 (1.0%) with bone marrow
failure. In these patients, a total number of 307 CVADs were inserted,
136 (67.7%) patients received one, and 65 (32.3%) patients received
more than one CVAD. The CVADs were in situ for a total of 68,010
CVAD-days, with a median of 181 (range: 0–827) CVAD-days per
CVAD. Peripherally inserted central catheters (PICCs) were inserted for
a median (minimum–maximum) of 19 days (0–386), nontunneled
(NT) catheters for 13 days (2–285), HB catheters for 111 days (0–698)
and TIVAPs for 266 days (5–827). More characteristics of the CVADs
are presented in Table 2.

Of the 307 CVADs inserted, 209 (68.1%) obtained one ormore CVAD-
related complications. During the study period, a total of 391 CVAD-
related complications occurred. Of all CVADs inserted, none obtained
Clavien–Dindo grade V after surgery, 10 (3.3%) CVADs eventually ob-
tained grade IV owing to CLABSI-related intensive care unit (ICU) ad-
mission, 111 (36.2%) CVADs obtained grade III, 63 (20.5%) grade II, 25
(8.1%) grade I, and 98 (31.9%) never obtained any postoperative compli-
cations (Table 1) [24]. Eventually, 114 (37.1%) of the inserted CVADs
were removed early owing to complications, 11 (3.6%) owing to switch
of treatment, 74 (24.1%) owing to end of treatment, 10 (3.3%) owing to
death of the patient, 96 (31.3%) were still in place at the end of this
study, and two (0.7%) reasons for removal are missing.

2.2. Noninfectious CVAD-related complications

The incidence of each CVAD-related complication, their occurrence
per 1000 CVAD days, the mean days until complication and the reasons
for removal are summarized in Table 3. Malfunction was themost com-
mon CVAD-related complication with an incidence rate of 1.66/1000
CVADdays and appeared after amedian of 62 days. Five CVADswere re-
moved owing to malfunction.

2.3. Infectious CVAD-related complications

Local infections had an incidence rate of 0.59/1000 CVAD days and
caused seven early removals of the CVAD. A total of 195 episodes of bac-
teremia were analyzed, of which 103 (52.8%) were scored as CLABSI, 7
(3.6%) as MBI-LCBI, and 85 (43.6%) as BSI. CLABSI was the second
most common CVAD-related complication, with an incidence rate of
1.51/1000 CVAD-days. CLABSIs appeared after a median of 60 CVAD
days. Of all CVADs inserted, 52 (16.9%)were removed owing to CLABSIs,
20 (6.5%) owing to BSIs, and one (0.3%) owing to anMBI-LCBI. In total 10
(5.0%) out of 201 patients were admitted to the ICU owing to CLABSI.
Microorganisms commonly cultured during CLABSI episodes were: 51
(32.9%) coagulase-negative staphylococci (CoNS), and 22 (14.2%) en-
terococci. The prevalence of all microorganisms causing CLABSI epi-
sodes and local infections is shown in Table 4. The treatment
outcomes of all initial CLABSIs are described in a flowchart (Fig. 1).
From the 103 CLABSIs (87 initial CLABSIs, and 16 reinfections) that oc-
curred, 43 (41.7%) were treated successfully with SAT only.



Table 3
Description of CVAD related complications.

All CVADsa (n=307) HB-CVAD (n=123) TIVAP (n=166)

Events
(n=391)

CVADs
(n=307)

Patients
(n=201)

Events per 1000
CVAD days

Days until
complication

Removal
reason

Events
(n=190)

Events per
CVAD

Events per 1000
CVAD days

Removal
reason

Events
(n=185)

Events per
CVAD

Events per 1000
CVAD days

Removal
reason

Complications n (%) n (%) n (%) /1000b Median
(min–max)

n (%c) n (%) Mean n/1000b n (%c) n (%) Mean /1000b n (%c)

Surgical
complications:
▪ Pneumothorax 1 (0.3) 1 (0.3) 1 (0.5) - - 0 (0.0) 1 (0.5) 0.01 - 0 (0.0) 0 (0.0) 0.00 - 0 (0.0)
▪ Hemothorax 0 (0.0) 0 (0.0) 0 (0.0) - - 0 (0.0) 0 (0.0) 0.00 - 0 (0.0) 0 (0.0) 0.00 - 0 (0.0)
▪ Otherd 23 (5.9) 21 (6.8) 20 (10.0) - - 2 (0.7) 11 (5.8) 0.09 - 1 (0.8) 7 (3.8) 0.04 - 0 (0.0)

Hematoma 32 (8.2) 31 (10.1) 30 (14.9) 0.47 10 (0-409) 0 (0.0) 12 (6.3) 0.10 0.73 0 (0.0) 19 (10.3) 0.11 0.38 0 (0.0)
CLABSI 103 (26.3) 81 (26.4) 60 (29.9) 1.51 60 (1-406) 52 (16.9) 64 (33.7) 0.52 3.91 34 (27.6) 35 (18.9) 0.21 0.70 17 (10.2)
Local Infection 40 (10.2) 39 (12.7) 34 (16.9) 0.59 55 (5-460) 7 (2.3) 27 (14.2) 0.22 1.65 4 (3.3) 12 (6.5) 0.07 0.24 3 (1.8)
Malfunction 113 (28.9) 74 (24.1) 63 (31.3) 1.66 62 (0-547) 5 (1.6) 37 (19.5) 0.30 2.26 2 (1.6) 75 (40.5) 0.45 1.49 3 (1.8)
Thrombosis 9 (2.3) 9 (2.9) 9 (4.5) 0.13 58 (13-440) 4 (1.3) 5 (2.6) 0.04 0.31 2 (1.6) 3 (1.6) 0.02 0.06 2 (1.2)
Mechanical
complications:
▪ Dislocation 23 (5.9) 23 (7.5) 21 (10.4) 0.34 20 (0-412) 16 (5.2) 13 (6.8) 0.11 0.79 11 (8.9) 7 (3.8) 0.04 0.14 3 (1.8)
▪
Breakage/rupture

14 (3.6) 14 (4.6) 14 (7.0) 0.21 75 (2-320) 4 (1.3) 10 (5.3) 0.08 0.61 3 (2.4) 4 (2.2) 0.02 0.08 1 (0.6)

▪ Detachment 33 (8.4) 29 (9.4) 28 (13.9) 0.49 41 (0-231) 3 (1.0) 10 (5.3) 0.08 0.61 1 (0.8) 23 (12.4) 0.14 0.46 2 (1.2)

CVAD, central venous access device; CLABSI, central line associated blood stream infection; HB, Hickman–Broviac®; TIVAP, totally implantable venous access port.
a Including: TIVAP, HB, NT, and PICC CVADs.
b Complication rate per 1000 CVAD days: total CVAD days = 68,010, total HB-days = 16,384, total TIVAP-days = 50,336.
c Percentage of all CVADs inserted: total n=307, HB-CVAD n=123, TIVAP n=166.
d Other surgical complications: failure of puncturing the vein, accidentally puncturing an artery, cardiac arrhythmias, a bleeding or hematoma, dislocation of the catheter-tip (detected by radiology) and negative blood return after insertion.
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Table 4
Prevalence of culturedmicroorganism episodes in CLABSI (polymicrobial n=38) and local
infections (polymicrobial n=1).

Microorganisms Cultured during
CLABSI, n (%)

Cultured during a local
infection, n (%)

Gram-positive
Coagulase-negative
staphylococcia

51 (32.9) N.A.

Staphylococcus aureus 8 (5.2) 4 (40.0)
Viridans streptocccib 12 (7.7) 1 (10.0)
Streptococcus pneumoniae 2 (1.3) 0 (0.0)
Enterococcic 22 (14.2) N.A.
Other Gram-positived 14 (9.0) 2 (20.0)

Gram-negative
Enterobacteriaceaee 19 (12.3) 3 (30.0)
Nonfermenting Gram
negative bacteriaf

20 (12.9) 0 (0.0)

Candida
Candida spp.g 6 (3.9) 0 (0.0)

Miscellaneoush 1 (6.5) 0 (0.0)
Total 155 (100.0) 10 (100.0)

CLABSI, central line associated blood stream infection; N.A., not applicable; spp., species.
CoNS and Enterococci, if cultured from exit sites, were not reported by the clinical micro-
biology laboratory.

a S. epidermidis (32), S. warneri (1), S. haemolyticus (8), S. hominis (6), S.capitis (4).
b S.mitis (9), S. salivarius (2), S. oralis (1), S. vestibularis (1).
c E. faecium (14), E. faecalis (8).
d Micrococcus luteus (4), Corynebacterium spp. (3),Microbacterium oxydans (2), Strep-

tococcus dysgalactiae (1), Bacillus spp. (3), Clostridium terteus (1), Brevibacterium spp. (1),
Rothia mucilaginosa (1).

e Escherichia coli (11), Klebsiella pneumoniae (3), Enterobacter cloacae complex (3), Ser-
ratia marcescens (1), Panthoea spp. (3) , Enterobacter asburiae (1).

f Stenotrophomonas maltophilia (3), Acinetobacter spp. (7), Chryseobacterium spp. (1),
Flavobacterium spp. (2),Moraxella spp. (3), Pseudomonas aeruginosa (2), Roseomonas mu-
cosa (1), Sphingomonas (1).

g Candida albicans (5), Candida lusitaniae (1).
h Mycobacterium chelonae (1).
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2.4. Risk factors for CVAD-related complications

To identify risk factors for all CVAD-related complications, univariate
logistic regressions models were estimated. The insertion of an HB-
CVAD compared to TIVAP appeared to be a significant risk factor for
CLABSI (OR: 2.78, CI: 1.41–5.47, p=0.005) and dislocations (OR: 4.03,
Fig. 1.CLABSI treatment results CLABSI, Central LineAssociatedBlood Stream Infection; SAT, Sys
immediate removal is indicated owing to CLABSI caused by positive blood cultures with Staphy
described, initial CLABSIs (n=87), reinfections (n=16), relapses were not scored as a new CLA
total, 43/103 (41.7%) of the CLABSIs were successfully treated with SAT.
CI: 1.32–12.33, p=0.02), Table 5. No significant difference in the num-
ber of CLABSIs during severe neutropenia episodes was found between
patients with an HB-CVAD and TIVAP (p=0.79). Lumen number (dou-
ble lumen) and lumen diameter (≥7) were risk factors for CLABSI (OR:
3.31, CI: 1.68–6.54, p=0.001, and OR: 4.31, CI: 2.16–8.64, pb0.001), re-
spectively. Lumen diameter (≥7 Fr) was a risk factor for local infections
(OR: 2.54, CI: 1.07–6.02, p=0.039). Diagnosis (hematooncologic dis-
eases) was a risk factor for hematomas (OR: 4.93, CI: 1.96–12.41,
p=0.001). Age (≤2 years) was a risk factor for dislocations (OR: 4.69,
CI: 1.04–21.12, p=0.034). Introduction method (percutaneous vs.
open), access vein (jugular vs. subclavian) and introduction site (right
vs. left) were no significant risk factors for CVAD-related complications,
results not shown.

Two multivariable logistic regression models with possible risk fac-
tors for CVAD-related complications in general and CLABSIs in particular
were estimated (Table 6). Age at insertion (≤2 vs. N2 years), diagnosis
(hematooncologic diseases vs. solid tumors), and CVAD type (HB-
CVAD vs. TIVAP), were included in the analysis. CVAD type (HB-
CVAD) (OR: 2.02, CI: 1.02–3.97, p=0.043) and diagnosis
(hematooncologic diseases) (OR: 2.20, CI: 1.09–4.47, p=0.029) were
significant risk factors for CVAD-related complications in general.
CVAD type (HB-CVAD) (OR: 3.05, CI: 1.49–6.32, p=0.002) was a signif-
icant risk factor for CLABSI.
3. Discussion

The incidence of CVAD-related complications in pediatric oncology
patients is high. This resulted in frequent dispense of SAT, removal of
multiple CVADs, and even intensive care unit (ICU) admission. The
most common complications in this study were malfunctions, CLABSIs,
and local infections. The incidence of CVAD-related complications in pe-
diatric oncology patients per 1000 CVAD-days described in literature
ranged from0.8 to 2.0 formalfunctions, 0.1 to 1.6 for bloodstream infec-
tions related to the CVAD, and 0.1 to 0.3 for local infections [4–11]. The
incidence of less common complications described in literature is com-
parable to that found in this study [5–7,9,12]. The high incidence of
CVAD-related complications compared to the literature might be ex-
plained by the variety in CVAD-types analyzed, the underlying diseases
in the patients observed (e.g. hematooncologic or solid malignancies),
temicAntibiotic Treatment; n, number; h=hour *Following theprotocol of our institution,
lococcus aureus, Pseudomonas aeruginosa, and Candida spp. In total 103 CLABSI events are
BSI events. Striped blocks are CLABSI events cured successfully with SAT only (n=43). In

Image of Fig. 1


Table 5
Univariate analysis of the HB-CVAD vs. TIVAP.

HB-CVAD (n=123) vs. TIVAP (n=166)

Complications OR (95% CI) p-value
Surgical complications

• Pneumothorax - -
• Hemothorax - -
• Othera 1.89 (0.63–5.63) 0.26

Hematoma 0.60 (0.23–1.60) 0.36
CLABSI 2.78 (1.41–5.47) 0.005⁎

Local Infection 2.16 (0.90–5.20) 0.104
Malfunction 0.66 (0.33–1.31) 0.24
Thrombosis 5.60 (0.57–54.86) 0.13
Mechanical complications

• Dislocation 4.03 (1.32–12.33) 0.02⁎

• Breakage/rupture 3.84 (0.93–15.88) 0.07
• Detachment 0.53 (0.19–1.51) 0.34

CVAD, central venous access device; HB, Hickman–Broviac; TIVAP, totally implantable ve-
nous access port; CLABSI, central line associated blood stream infection; CI, confidence in-
terval; OR, odds ratio; p-value, probability value.

a Other surgical complications: failure of puncturing the vein, accidentally puncturing
an artery, cardiac arrhythmias, a bleeding or hematoma, dislocation of the catheter-tip
(detected by radiology) and negative blood return after insertion.
⁎ Significant values.

Table 6
Multivariate analysis.

CVAD-related
complications

CLABSI

Risk factors OR (95% CI) p-value OR (95% CI) p-value
Age at insertion

≤2 Years 1
N2 Years 0.55 (0.29–1.04) 0.070 0.96 (0.46–2.01) 0.070

Diagnosis
Solid 1
Hematooncologic 2.20 (1.09–4.47) 0.029⁎ 0.94 (0.46–2.01) 0.900

CVAD-type
TIVAP 1
HB-CVAD 2.02 (1.02–3.79) 0.043⁎ 3.05 (1.49–6.32) 0.002⁎

CVAD, central venous access device; HB, Hickman–Broviac; TIVAP, totally implantable ve-
nous access port; CLABSI, central line associated bloodstream infection; CI, confidence in-
terval; OR, odds ratio; p-value, probability value.
⁎ Significant values.
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the nonuniform complication criteria used, and the different CVAD-
maintenance protocols used (e.g. CVAD flush/lock protocols) [4–11].
Malfunction was the most common complication in this study. Cur-
rently in the Netherlands, CVADs are locked with heparin. However,
the heparin lock appears to be of limited value in the prevention of mal-
function [29]. Preventingmalfunction of the CVAD should instead be ac-
complished by the education of health care providers about the
maintenance of CVADs and by working more protocolized; use more
proper flushing policies, needle-free connectors, and no-reflux strate-
gies (e.g. a no-reflux syringe) [29]. Future research needs to address
the best lock solution for the prevention of CVADmalfunction in this pa-
tient population. The high incidence of CLABSIs might be associated
with the CVAD-types inserted (i.e. a large number of HB-CVADs), the
CVAD-maintenance protocols used (e.g. CVAD flush/lock protocols), or
factors related to the underlyingmalignancy, such as endogenous infec-
tions, high-risk chemotherapy, and the supplementation of total paren-
teral nutrition (TPN) [28]. The high incidence might also be explained
by the arguable issue of the definition of bloodstream infections related
to the CVAD. During the past years, many variations of definitions for
bacteremia caused by the CVAD were used in literature. In this study,
the CLABSI criteria were used instead of the central line related blood-
stream infection (CRBSI) criteria, being the most practical definition
considering the lack of peripheral blood cultures and catheter tip cul-
tures in this patient group, which are required for the definition of a
CRBSI. Additionally, in clinic, a bacteremia is often being treated as asso-
ciated to the CVAD, even though the CRBSI criteria are not met. There-
fore, we accept a possible overestimation of the incidence rate using
the CLABSI criteria. However, it is also possible that the amount of
CLABSIs is underestimated, since the BSIs that were not scored as a
CLABSI owing to an insufficient number of blood cultures, could also
have been scored as CLABSIs if more blood cultures were obtained.
Other authors scored all positive blood cultures drawn from the CVAD,
including bloodstream infections caused by infections located else-
where in the patient, which can result in an overestimation of CVAD-
related infections [30,31]. To eliminate bacteremias that were the result
of theweakenedmucosal barrier of the gut in immunocompromised pa-
tients, the MBI-LCBIs were excluded in this analysis. Pediatric oncology
patients frequently have a weakened mucosal barrier; therefore, physi-
cians are often unsure if the bloodstream infection has originated from
theweakenedmucosal barrier or the CVAD. These criteriamight be use-
ful in practice to differentiate between CLABSIs and MBI-LCBIs to avoid
unnecessary removal of the CVAD [25–27]. SAT was successful in 42%
of the CLABSI episodes. This indicates that SAT in combinationwith clin-
ical observation is an acceptable strategy in case of CLABSI caused bymi-
croorganisms other than Candida spp., Pseudomonas aeruginosa, or
Staphylococcus aureus. Unfortunately, a great deal of the CLABSI epi-
sodeswill still result in removal of the CVAD owing to continuing symp-
toms, relapses or reinfections. In the prevention of CLABSIs, the use of
lock solutions containing taurolidine, ethanol or citrate appears to be
promising; however, further research on this subject is needed and
strongly recommended [11,29,32–35]. Patients diagnosed with
hematooncologic malignancies were more at risk for CVAD-related
complications in general; this might be because of more frequent
CVAD-manipulation in this patient group [1,7,9]. The insertion of an
HB-CVAD appeared to be a significant risk factor for CVAD-related com-
plications in general, dislocations and CLABSIs in particular. Dislocations
are probably less common during the use of a TIVAP since it is inserted
underneath the skin. Possible explanations for the high incidence of
CLABSIs in HB-CVADs are the open access to the bloodstream through
the external parts of the HB-CVAD, the frequent occurrence of double
lumen HB-CVADs, the higher frequency of TPN supplementation, and
the dispense of more high-risk chemotherapy in HB-CVADs. However,
no significant differencewas found in the incidence of severe neutrope-
nia during CLABSIs in patients with HB-CVADs or TIVAPs. HB-CVADs
were also found to be a risk factor for infections in other studies
[4,8,19–21]. Owing to the higher risk of CVAD-related complications as-
sociated with the HB-CVAD, the insertion of other double lumen CVADs
(i.e. double-lumen TIVAP) instead of an HB-CVAD might be considered
in the future if a double lumen is indicated. Lumen number and diame-
ter correlated with the CVAD-type inserted, and were therefore also
found as significant risk factors. Lumen diameter was a risk factor for
local infections. A lumen diameter of ≥7 Fr is associated with the HB-
CVAD, which has external parts, and could therefore be more at risk
for local infections. Age was a risk factor for dislocations, probably
owing to a higher risk of self-removal by these younger patients [9].
Limitations of this study were the retrospective design, the fact that
some CVADs were still in situ at the end of the study, and that some pa-
tients were treated in a different hospital in the Netherlands or at home
for a period of time.Major complications appearing in other institutions
were documented in our institution, although it is possible that minor
complications are missing since the medical files of other institutions
were not reviewed. Additionally, CRBSI is technically the most accurate
definition of describing infections related to the CVAD; however, as
described above, this definition is not an option in this population. In
conclusion, compared to literature we detected a high incidence of
CVAD-related complications in pediatric oncology patients. Therefore,
CVAD-related complication prevention and treatment are important
and could reduce the incidence of CVAD-related complications, SAT dis-
pense, CVAD-removal and ICU admission. We recommend that profes-
sionals need to be educated more in CVAD-maintenance, work more
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protocolized, and perform further research to observe the efficacy of
lock solutions (e.g. locks containing taurolidine and citrate) and other
double-lumen CVADs (e.g. double-lumen TIVAPs) on the decrease of
the most common CVAD-related complications.
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