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Abstract

Background: Despite the numerous advantages of central venous catheters (CVCs), they have been associated with a variety of complications.
Surveillance formechanical complications of CVCs is not routine, so the true incidence and impact of this adverse patient outcome remains unclear.

Setting and methods: Prospectively collected CVC data on mechanical complications were reviewed from a centralized database for all
in-hospital patient days at our tertiary-care hospital from January 2001 to June 2016 in patients aged <19 years. Patient demographics,
CVC characteristics, and rates of mechanical complications per 1,000 days of catheter use were described.

Results: In total, 8,747 CVCs were placed in 5,743 patients during the study period, which captured 780,448 catheter days. The overall
mechanical complication rate was 6.1 per 1,000 catheter days (95% confidence interval [CI], 5.9–6.3). The highest complication rates were
in nontunneled lines; this was consistent throughout the 15-year study period. Also, 521 CVCs (!6%) were removed due to mechanical com-
plications before therapy termination. Catheters with tip location in the superior vena cava or right atrium had the fewest complications.

Conclusions: Mechanical complications of CVCs are a common and significant event in the pediatric population. We propose that CVC-
associated mechanical complications become a routinely reported patient safety outcome.

(Received 3 June 2021; accepted 24 November 2021)

Central venous catheters (CVCs) facilitate intravenous administra-
tion of chemotherapy, fluids, total parenteral nutrition, and avoid
multiple venipunctures or therapy interruptions that may be asso-
ciated with peripheral intravascular catheters. Usage of CVCs
varies across pediatric populations, and distinct types of CVCs
are currently used.1–3 Peripherally inserted central catheters
(PICCs) are used for long-term access and can be inserted at the
bedside by various healthcare providers, whereas surgically
implanted catheters, such as an implanted port (Port-A-Caths;
PAC) are indicated for infrequent long-term access.4 Tunneled
CVCs (eg, Hickman and Broviac) are surgically tunneled under
the skin before entering a vein in contrast to nontunneled cathe-
ters, which directly enter the subclavian, jugular, or femoral vein
(eg, Cook and Arrow).4,5

Despite their advantages, CVCsmay be associated with compli-
cations. A systematic review revealed that 25% of pediatric CVCs
fail due to infectious or mechanical complications before therapy

completion.5 Surveillance for central-line–associated bloodstream
infection (CLABSI) is a routine patient safety outcome collected
and reported in infection prevention and control programs.6

Literature characterizing pediatric populations who require
CVCs and the rates and types of mechanical complications that
occur is scarce, and this event is not routinely surveilled, unlike
CLABSI.7 A considerable amount of variability exists in reported
rates of mechanical complications, with reported rates from 5%
to 19% of CVCs.8–10

The literature on CVC-associated mechanical complications
has mostly focused on incidents around the time of insertion of
the CVC rather than events that occur over the duration of the line
placement.8 Moreover, this literature is focused on select popula-
tions, catheter types, or complications; therefore, it does not give
clinicians a comprehensive picture of CVC-related mechanical
complications or at-risk populations.5,11,12 This cohort study was
designed to determine mechanical complication rates for the spec-
trum of CVCs used in a large cohort of pediatric patients to identify
complications that should be surveilled and mitigated.

Methods

In this retrospective cohort study, we followed children from the
time of CVC insertion until line removal between January 2001
and June 2016. The study was conducted in a tertiary-care pediatric
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Factors Influencing Early Failure of Central Venous Catheters in
Children With Cancer

By A. Martin Barrett, John Imeson, Dawn Leese, Chris Philpott, Neil D. Shaw, Barry L. Pizer, and
Kevin P. Windebank, On behalf of the United Kingdom Children’s Cancer Study Group and the Paediatric

Oncology Nurses Forum of the Royal College of Nursing
Newcastle upon Tyne, England; Leicester, England, Nottingham, England; Birmingham, England;

Leeds, England; and Liverpool, England

Background: The authors report the results of a prospective,
multicenter, multidisciplinary study of central venous cathe-
ters (CVCs) in pediatric oncology patients analyzing factors
involved in early failure.

Methods: Information was collected from parent-held
records on the fate of 824 devices inserted over a 20-month
period, 415 of which were no longer in situ.

Results: Within the first 7 weeks after insertion, there were 66
failures, all occurring in external lines. Accidental dislodge-
ment was the principal reason for CVC failure (44 of 66, 67%).
Detailed analysis of the reason for failure of this large sub-
group showed 11 factors individually associated with early
dislodgement, of which, 4 were independently associated

with failure by multivariate analysis. These 4 variables were
the use of multilumen catheters, the absence of a skin exit
site suture, platelet transfusion at the time of insertion, and
patient age less than 2 years.

Conclusions: This study confirms the multiple influences on
successful CVC usage. Our analysis supports the principle of
only using multilumen lines when clinically essential. The
findings also support the inception of randomized studies of
fixation, particularly in infants.
J Pediatr Surg 39:1520-1523. © 2004 Elsevier Inc. All rights
reserved.

INDEX WORDS: Central venous catheter complications,
childhood cancer, catheter fixation in infants.

CENTRAL VENOUS CATHETERS (CVCs) are
widely used for the treatment of children with

malignant disease. They are used either as conventional
externalized devices or attached to implanted subcutane-
ous ports. They are used for the administration of che-
motherapy, antibiotics, total parenteral nutrition, and
blood sampling. There are comparatively few popula-
tion-based studies specifically examining complications
of medium to long-term venous access in children. Using
information from an earlier audit,1 this study, UKCCSG
SC 9403, was instituted jointly by the United Kingdom
Children’s Cancer Study Group (UKCCSG) and the
Paediatric Oncology Nurses Forum (PONF) of The
Royal College of Nursing.

The design was a prospective observational study
examining both mechanical and infective complications
of CVCs in children being treated for cancer. This report
details the early failures of CVCs within 7 weeks of line
insertion. In particular, the analysis examines the risk
factors for external CVC dislodgement, which this study
found to be the principal cause of early line failure.

MATERIALS AND METHODS
Over a 20-month period from 1994 to 1996, all patients requiring

central venous access for cancer therapy administered by a UKCCSG
center were eligible for the study. A designated PONF nurse coordi-
nated data collection within each center. Data relating to the clinical
condition of the patient, the characteristics of the CVC, and the
technical aspects of insertion were recorded on the surgical insertion
form. Subsequent events relating to line function, complications, and
removal were recorded on a separate parent-held record (PHR). Only
patients whose first CVC was inserted during the 20-month study
period were included. Second and subsequent lines inserted in patients
whose first line had been inserted before the start of the study were
excluded. The PHRs, which detailed the reasons for line removal, were
returned when each line was removed for any reason. A new insertion
form and PHR were started before each subsequent line insertion.
Week by week analysis of failures found a steep gradient from 0 to 7
weeks that then leveled off markedly beyond this time-point. In light of
this finding, CVCs that fell out or were surgically removed because of
malfunction or infection within 7 weeks of insertion were designated as
early failures. Thus, an early failure rate could be defined using the
remaining CVCs as a comparator group. Initial analysis was carried out
to look for an association between each item of information included on
the surgical insertion form and the failure of external CVCs. For
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discrete valued variables, a !2 test or Fisher’s Exact test as appropriate
was used to test for associations, with a P value of .05 indicating an
association (given the large number of variables analyzed). The Wil-
coxon Rank Sum test was used to examine the effect of continuous
variables; the same interpretation of the P values was used. Once a list
of the variables thought to be related to early failure was made, then
step-forward logistic regression was used implementing the SAS soft-
ware procedure CATMOD2 in a multivariate analysis to identify those
variables that were independently associated with early failure.

RESULTS

Insertion of 824 external CVC and implantable ports
was reported from 19 of the 22 UKCCSG centers.
Insertion or removal dates were missing for 2 external
CVCs leaving 745 evaluable external CVCs (Fig 1) and
77 evaluable subcutaneous ports. The median number of
CVCs per center was 34 (range, 3 to 98). One year after
closure of entry into the study, 415 PHRs had been
returned to the UKCCSG Data Centre giving details of
lines that had been removed.

Removal occurred after a median of 5.8 months
(range, 0 to 26.7). Of the 822 evaluable CVCs, 13 were
censored from analysis either as a consequence of elec-
tive removal (4 external) or patient death (7 external and
2 ports) within 7 weeks of insertion, giving an overall
failure rate of 66 of 809 (8.2%; Table 1) The rate was 66
of 734 (9%) for external lines and 0 of 75 (0%) for ports
(P ! .01). The single largest group among the early
failures comprised 44 external lines that were acciden-
tally dislodged. Thus, 2 thirds (44 of 66) of early failures

were caused by CVCs falling out, a rate of 44 of 734
(6%) external lines. Accidental dislodgement rates for
external lines varied between centers from 0 to 20% (Fig
1). Further statistical analysis was performed to deter-
mine which factors may be important in accidental dis-
lodgement and which may be avoidable.

The influences of variables relating to the patients’
diagnoses and condition at the time of CVC insertion, the
technical aspects of the procedure, the approximate level
of practice of the operating surgeon, and where the
patient was treated were analyzed. Univariate analysis
found 11 factors that were associated with early dis-
lodgement (Table 2) and 24 variables that were not
(Table 3).

Following multivariate analysis of the 11 variables in
Table 2, 4 remained completely independently associated
with line failure: use of multilumen catheters, the ab-
sence of a skin exit site suture, perioperative platelet
cover, and patient age less than 2 years.

DISCUSSION

This study was conceived in response to the findings
of an audit of CVC usage at UKCCSG centers.1 This
audit confirmed the expected variations between centers
in line selection, insertion technique, and aftercare, but
also found that 26% of CVC insertions were replace-
ments for lines that had presumably failed in some way.
This was comparable with previous reports of 23%
reinsertions3 and of irreversible line failure rates of 20%
to 53% in other studies.3,4 A major aim, therefore, of this
prospective, multicentre study was to identify factors that
were contributing to such a high overall failure rate. As
analysis began, it became apparent that the period of 7
weeks after insertion had a disproportionately high fail-
ure rate, two thirds of which was owing to the falling out
of external CVCs. This meant that 6% of external CVCs
were falling out accidentally within this early period.
Other reported overall dislodgement rates vary from 3%
to 24% in CCSG reports from the United States5 to as
low as 0.6% in a single Italian institution6 and as high as
32% in Turkey.7 Given these wide variations, the likeli-
hood exists that there are modifiable factors associated
with initial selection and insertion of CVCs. Our group

Table 1. Reasons for Failure of 66 External CVCs Within
7 Weeks of Insertion

Reason for Failure Number of CVCs (%)

Dislodgement 44 (66.7)
Infection 9 (13.6)
Not sampling 7 (10.6)
Damaged 3 (4.5)
Tip malpositioned 1 (1.5)
Multiple reasons 1 (1.5)
Not specified 1 (1.5)

Fig 1. External CVCs registered and accidental dislodgement
rates in 19 UKCCSG Centers.
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ICU and NICU
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Wednesday 20th April 

17.00 – 19.00  ERNICA board meeting (centre representatives, separate invitation) 

19.30    ERNICA welcome dinner  

 

Thursday 21st April    Biomedicum, Haartmaninkatu 8, Main lecture hall 1 

8.00 – 8:15  Registration opens 

8.15 – 9.00  Welcome & ERNICA coordination team updates  

9.00 – 9.30  ERNICA Standards of Care and implementation - next steps  

9.30 – 10.00      Coffee break  

10.00- 10.30   EPSA/ERNICA registry update  

10.30 – 11.30  ERNICA research – present and upcoming activity  

11.30 – 12.00  Patient representatives update: Progress 2017-2022 & future plans 

12.00 – 13.30  Lunch  

13.30 – 14.30 Key note lecture: ‘Transition: Critical considerations for getting it right’ by Silja 

Kosala, MD PhD, Adjunct Professor of Adolescent Medicine, Pediatric 

Research Center, Helsinki University Hospital and University of Helsinki 

14.30 – 15.00 e-Health: CPMS Update  

15.00 – 15.30  Social media strategy  

15.30 –16.00   Coffee break  

16.00 – 17.00  ePAG session (Patient representatives only)  

16.00 – 17.00  Designated working session: Intestinal Failure workstream  

16.00 – 18:00  EPSA/ERNICA registry mirror working sessions (hybrid)  

19.00    ERNICA annual Dinner  
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