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A B S T R A C T   

Context: Reliable long-term central venous access device (CVAD) is essential for the management of pediatric 
patients with cancer or chronic diseases. However, there is no general consensus for optimal catheter tip location 
and vessel insertion site in children. 
Objective: This single center study analyzes the risk of complications associated with long-term upper body CVAD 
and evaluates them with respect to catheter tip location as well as vessel insertion site. 
Design: Pediatric patients who received long-term upper body CVAD from January 2008 through April 2017 and 
underwent radiographic documentation of the tip location were retrospectively included in the study. Data on 
demographics, catheter tip location on chest x-ray, intraoperative vessel insertion sites and postoperative 
complications were analyzed. Catheter tip location was categorized as “high” (above the right mainstem bron-
chus), “medium” (at the level of the bronchus), and “low” (below the right mainstem bronchus). Distance to the 
carina was measured as well. 
Results: A total of 396 patients, 74.7% suffering from cancer were included in our study (mean age 6.3 � 0.3 
years). Complications occurred in about one fourth of all patients. Catheter-related blood stream infections (BSI) 
(n ¼ 40, 36.4%) were most prevalent, but catheter tip position or vessel insertion site had no impact on the risk of 
infections. Dislodgement (n ¼ 27, 24.6%) and occlusion (n ¼ 11, 10.0%) were more frequent in “high” positioned 
catheter tips. 
While there was one patient who developed arrhythmia, no case of cardiac perforation, and in particular, no 
catheter-related death was recorded in our series. The vessel insertion site seemed to have no influence on the 
complication frequency of CAVDs. 
Conclusion: The catheter tip position seems to have an impact on the catheter-related complication profile in 
children. To avoid complications, we recommend avoiding a “high” localization of the catheter tip above the 
right main bronchus. “Low” catheter tip placement was associated with the lowest dislocation rate. 
Given the overall low complication rate, insertion and use of CVADs in children can generally be considered as 
safe.   

Abbreviations: BSI, Blood stream infection; CD, Catheter days; CVAD, Central venous access devices; CI, Confidence interval; Fig, Figure; HR, Hazard ratio; IR, 
Incident rate; OR, Odds-ratio; SVC, Superior vena cava; Tab, Table; TCVAD, Tunneled central venous access devices. 
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1. Introduction 

Surgically implanted long-term upper body central venous access 
devices (CVAD) have been a mainstay in the therapy of chronic and 
oncologic childhood diseases for decades. CVADs simplify and secure 
regular blood sampling, as well as repeated venous administration of 
chemotherapeutic agents. Other indications include parenteral nutri-
tion, the chronic substitution of coagulation factors or blood products 
and the enzyme therapy in metabolic diseases [1]. 

For the surgeon implanting these devices, the question arises which 
venous access site should be used and where exactly the catheter tip 
should be positioned to minimize complications. Despite decades of 
debate, the ideal location for CVAD tips has not yet been defined in 
children. Expert recommendations are often extrapolated from the 
experience in adults and surgeons place the tip within the superior vena 
cava (SVC) or at the cavo-atrial junction [2]. However, in elder children, 
the tip easily may end up in a less central position, in the brachioce-
phalic vein. Therefore, some surgeons routinely position the tip low in 
the right atrium. Others argue that this position may increase the risk of 
cardiac perforation and -tamponade [3]. 

The main arguments in favor of low catheter tip placement, however, 
are less endothelial contact, and a higher flow rate around the catheter, 
possibly reducing the chance of fibrin deposits [4]. 

In 2015, Perin and Scarpa analyzed more than 40 pediatric manu-
scripts about central venous catheter placements in a systematic review 
and concluded that no specific recommendation can be given due to the 
low level of evidence and the low cumulative number of childhood pa-
tients [5]. To determine the tip position in a pediatric patient, duplex 
ultrasound can be used as an alternative without radiation. This method, 
however, is investigator-dependent and not transferable to the radio-
graphic tip position [6]. 

The data regarding the optimal vessel access site remains contro-
versial. An overall higher complication risk of femoral catheters 
compared to upper body catheters has been reported. Ge et al. con-
ducted a Cochrane analysis including 28 studies with a total of 1513 
mostly adult patients [7]. They found that subclavian and internal ju-
gular central venous access routes have similar risks for catheter-related 
complications. 

A randomized, controlled trial compared success rate and compli-
cations between internal jugular and subclavian vein access in 280 pe-
diatric cardiothoracic patients, revealing significantly higher risk of 
infectious complications after internal jugular vein access [8]. 

Because of the described controversy, we attempted to answer the 
following questions by retrospectively analyzing all upper body CVAD 
catheters placed over nearly a decade at our University medical center:  

1. What patient and catheter-related factors influence the complication 
rate of upper body CAVD in children?  

2. Where should the catheter tip be placed to minimize these 
complications?  

3. Which venous insertion site is the most suitable? 

2. Method 

2.1. Study design 

This study was designed as a retrospective, single-center cohort study 
which was performed in compliance with the STROBE (Strengthening the 
Reporting of Observational Studies in Epidemiology) Guidelines [9].The 
trial was registered at the German Clinical Trial Register (https://www. 
drks.de/drks_web/, registration number DRKS00014944). Ethics board 
approval was granted by the physician board of the state of 
Rhineland-Palatinate, number 2018–13172. The study evaluation was 
conducted from April 2018 through April 2019. 

2.2. Study cohort and recruitment 

Included were patients after implantation of a long-term upper body 
CVAD involving tunneled CVAD (TCVAD) or port in the Department of 
Pediatric Surgery, University Medical Center Mainz, between January 
2008 and April 2017. Other inclusion criteria were patient age under 18 
years of and availability of an immediate postoperative chest radio-
graph. Patients older than 18 years and repeated insertion of long-term 
CVADs were excluded to avoid intra-individual influence. 

Patient observation started at catheter implantation and ended at 
either planned removal, removal due to complication, or death of the 
patient. If treatment continued elsewhere, the observation period ended 
at the last presentation in our hospital or the known last follow up at the 
outside facility. 

Details of the study design have already been described in the 
context of the investigation of the individual complications of children 
with tumor diseases [10]. 

2.3. Clinical data 

Basic demographic information, baseline pathology, anatomical 
catheter insertion site and catheter tip position, duration of use, 
microbiological diagnostics, therapy as well as complications were 
collected from electronic and paper-based patient files. The indications 
for catheter implantation were classified as oncological or non- 
oncological. 

2.4. Definition of complications 

CVAD-related complications as well as complications associated with 
the catheter placement site and the catheter tip position were recorded 
for inpatients and outpatients. Early minor unspecific complications, 
such as self-limiting local bleeding at the implantation site, were dis-
regarded. Overall, complications were classified as catheter-related 
blood stream infection (BSI), dislodgement, occlusion, thrombosis, 
arrhythmia, insertion site infection, mechanical complication and 
others. 

Catheter-related BSI was defined as clinical sign of a systemic 
infection and at least one positive blood culture obtained via the 
indwelling CVAD. The decision to remove the contaminated catheter 
depended on the severity of the infection, the pathogen and the failure of 
targeted antibiotic therapy. Dislodgement was determined as a change 
in position of the catheter tip from its original position to a non-central 
part of the central venous system. CVAD occlusion was characterized as 
a partial or complete blockage of the catheter lumen, which needed a 
definitive therapeutic primarily surgical procedure. Thrombosis was 
defined as a formation of a thrombus, which extended to the area of the 
vessel immediately adjacent to the catheter (axillary vein, subclavian 
vein, brachiocephalic sinistra) as well as pulmonary embolism. Me-
chanical complications were defined as any kind of mechanical 
dysfunction of the CVAD. 

Complications occurred within the first 30 days after catheter im-
plantation are defined as early complications, thereafter as late 
complication [11]. 

2.5. CVAD systems and venous access sites 

Single-lumen TCVADs (Broviac), as well as two- and three-lumen 
TCVADs (Hickman) or totally implanted CVAD (Ports) were implan-
ted. The insertions were carried out under sterile conditions in an aseptic 
operating room via four venous access sites (internal jugular vein, 
external jugular vein, subclavian vein, cephalic vein) either by venous 
cutdown or percutaneous puncture in Seldinger technique. A standard 
antibiotic was administered within 30 min before surgery, usually a first 
generation cephalosporin. 
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2.6. Definition of catheter tip position 

Tip position was determined on anteriorposterior or posterior-
anterior chest radiograph immediately after insertion. According to the 
size of the patient, the radiographs were taken in a standing or hanging 
position. To classify the location of the catheter tip, two different pub-
lished methods were used:  

1. Position of the catheter tip in relation to the right main bronchus 
(categorical division, Fig. 1A–C) [12]. 

2. Position of the catheter tip in relation to the carina (metrical divi-
sion, Fig. 2) [12–14]: 

The distance from the catheter tip to the carina was measured by 
means of distance measurement as an integrated caliper tool of the 
radiology viewer software. For distance measurement, a line was drawn 
from the carina along the sagittal plane on which it projected to the 
point of intersection with the transverse plane onto which the catheter 
tip projected (Fig. 2). Catheter tip positions were evaluated on the ra-
diographs by the research team. 

2.7. Statistical analysis 

Statistics were analyzed using SPSS (version 23, IBM, NY, USA). 
Demographic and descriptive outcome measures are displayed as fre-
quency, mean, median, including range as appropriate. The Incident 
Rate (IR) per 1000 catheter days and the 95% Confidence Interval (CI) 
were used to determine the frequency of the different complications. The 
definition of catheter-days (CD) includes complete follow-up after CVAD 
insertion until CVAD removal, death or final follow-up. The distinctions 
between the groups were evaluated by the chi-square test, Fisher’s exact 
test, or the log-rank test for categorical data. Cox regression analysis 
served as uni- or multivariate model to calculate the independent 
contribution of one or more factors of interest on survival, expressed as 
the hazard ratio (HR) with 95%-CI. The local significance level was set to 
5%. 

3. Results 

3.1. Demographic characteristics 

Based on the inclusion criteria, 396 patients were included in the 
study over a period of 9 years and 4 months. 

3.1.1. Age and gender distribution 
52.5% (n ¼ 208/396) of the patients were male and 47.5% (n ¼ 188/ 

396) were female. The mean age at the time of catheter implantation 
was 6.3 � 0.3 years. The youngest patient was one day old at the time of 

CVAD implantation; the oldest patient was 17.9 years old. 

3.1.2. Underlying diseases 
74.7% of patients (n ¼ 296/396) received CAVD implantation due to 

an oncological disease (mainly leukemia, lymphoma or CNS tumors). In 
25.3% of cases (n ¼ 100/396), CAVD implantation was due to a non- 
oncological reason (mainly metabolic disease, preterm birth, disorders 
and malformation of the gastrointestinal tract or hematological and 
immunological disease). Children with non-oncological underlying dis-
ease were younger (mean age 3.5 � 4.8 years) than oncological patients 
(mean age of 7.3 � 5.2 years). 

3.2. CVAD related information 

3.2.1. Distribution of catheter types 
The distribution between port systems (single-lumen) and TCVAD 

(single- or multi-lumen) was 46.7% (n ¼ 185/396) and 53.3% (n ¼ 211/ 
396), respectively. The majority of patients with TCVAD received a 
single-lumen catheter (36.6%, n ¼ 145/396). A two-lumen catheter was 
implanted in 15.4% (n ¼ 61/396) of the patients and a three-lumen 
catheter in 1.3% (n ¼ 5/396) (Fig. 3). 

Concerning material, 56.7% (n ¼ 221/390) of catheters were made 

Fig. 1. Location of the catheter tip with respect to the right main bronchus in posterioranterior (PA) view of the chest. Red line: catheter; green line: trachea, carina 
and right main bronchus; A) “high” (catheter tip above the right main bronchus), B) “middle” (catheter tip on the right main bronchus), C) “deep” (catheter tip below 
the right main bronchus). 

Fig. 2. Measurement of distance between the catheter tip and the carina (in 
mm) in posterioranterior (PA) view of the chest. The distance from the catheter 
tip to the carina was measured by means of distance measurement as an inte-
grated calipper tool of the radiology viewer software. For distance measure-
ment, a line was drawn from the carina along the sagittal plane on which it 
projected to the point of intersection with the transverse plane onto which the 
catheter tip projected. 
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of silicone, 42.8% (n ¼ 167/390) of polyurethane and 0.5% (n ¼ 2/390) 
were made of latex. 

In terms of underlying diseases, 56.8% of patients with malignant 
diseases received TCVAD and 43.2% had a port catheter. If the under-
lying disease was non-oncological, the percentage distribution was 
reversed (43.0% versus 57.0%). In the Chi-square test, this difference 
was determined to be significant (p ¼ 0.017). 

3.2.2. Insertion sites 
The right side was predominantly selected for the implantation site 

(86.1%, n ¼ 341/396). The left side was used for certain anatomical 
variants, as well as occlusion or thrombosis of the right-sided veins. The 
internal or external jugular vein was used for insertion in 57.1% of cases 
(n ¼ 226/396), while 42.9% of catheters (n ¼ 170/396) were inserted 
into the subclavian or cephalic vein (Fig. 4). 

3.2.3. Catheter tip position 

3.2.3.1. Position of the catheter tip in relation to the right main bronchus. 
In total, 14.9% (n ¼ 59/395) of catheter tips projected above the right 
main bronchus (“high”), 43.3% (n ¼ 171/395) onto the right main 
bronchus (“middle”) and 41.8% (n ¼ 165/395) below (“deep”) in the 
chest x-ray. 

3.2.3.2. Position of the catheter tip in relation to the carina. The average 
distance of the catheter tip to the carina was 13.9 mm � 13.7 mm (Port: 
18.1 mm � 14.1 mm; TCVAD: 10.4 mm � 12.4 mm). Overall, 18.7% (n 
¼ 74) of the catheter tips were placed above the carina and 81.3% (n ¼
321) below the carina. 

The multivariate logistic regression analysis showed an influence of 
the catheter type but not of age and underlying disease on catheter tip 
placement. TCVADs were more likely to be inserted above the carina 
than ports (odds-ratio (OR) of 2.1 (95%-CI 1.13–4.07; p ¼ 0.02). 

3.2.4. Indwelling time after implantation 
The median overall indwelling time of catheters in the patient cohort 

was 282 days with a range of 2 to 2883 days. At the end of the survey 
period, 46.0% (n ¼ 182) of all patients had completed their therapy and 
the catheters could be removed electively. The median overall 
indwelling time in these patients was 327 days (21–2169 days). Com-
plications resulted in 16.7% (n ¼ 66) of patients having their CAVD 
removed before completion of the original therapy. In the remaining 
cases (37.3%, n ¼ 148), the time of catheter removal could not be 
defined, as the children still need implanted CVAD at the end of our 

study period or patients had moved to other facilities. 
The mean median indwelling time of TCVAD was about 40% shorter 

compared to ports. Throughout the entire cohort, 147,578 catheter days 
were considered as total implantation time, with 90,230 catheter days 
for ports and 57,348 catheter days for TCVADs. 

3.3. Complications in general and selected new findings on the respective 
complications 

In a total of 396 CVADs, 110 complications occurred in 102 patients, 
resulting in an overall complication rate of 25.8% (102/396). In a 
subgroup analysis, 21.3% of all oncological patients (63/296) suffered 
from one or more complications, whereas 39.0% of all non-oncological 
patients (39/100) had at least one complication. No deaths due to 
complications of CVAD were recorded in our series. Overall, 11.8% (n ¼
13/110) occurred within the first 30 days after catheter implantation. 
The remaining 88.2% (n ¼ 97/110) of complications occurred after 
postoperative day 30. 

In median, complications occurred on day 93 (42–226 days) after 
implantation in the oncological subgroup. In children with other un-
derlying diseases complications were detected, in median, on day 67 
(day 44–351). 

In multivariate Cox regression analysis, only the “type of catheter” 
(port vs. TCVAD) and the “underlying disease” (oncological vs. non- 
oncological) were identified as factors influencing the incidence of 
overall complications. 

For children with TCVAD, there was a 3.25-fold increased risk (95%- 
CI 1.91–5.51; p < 0.001) for overall complications compared to port 

Fig. 3. Distribution of catheter types in the overall cohort. Tunneled CVADs (TCVAD): Broviac or Hickman and totally implanted CVADs (Port).  

Fig. 4. Distribution of the CVAD insertion sites (pro rata to the overall cohort).  
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systems. The factor “non-oncological underlying disease” also showed 
an overall increased risk of complications in Cox regression, with a HR of 
2.27 (95%-CI 1.42–3.64; p ¼ 0.001) compared to children with onco-
logical diseases. 

For the factors age group (<3 years versus > 3 years), age as 
continuous variable, insertion site and vessel, gender, distance to the 
carina and relation to the main bronchus, no statistically significant 
impact on the occurrence of the overall complication rate could be 
detected. 

The detailed results, taking into account the various complications, 
are summarized in Table 1. 

3.3.1. Catheter-related BSI 
Catheter-related BSI were most prevalent complication in both, 

TCVAD and port systems (Table 1). Of all patients with catheter-related 
BSI 60.0% (n ¼ 24/40) were treated with targeted antibiotic therapy, 
40.0% of catheters (n ¼ 16/40) had to be explanted. 

In multivariate Cox regression analysis, children with non- 
oncological disease demonstrated a 2.7-fold (95%-CI 1.34–5.62; p ¼
0.006) increased risk of catheter-associated BSI compared to children 
with underlying oncological disease. A similarly higher risk was found 
for TCVAD compared to port catheters, in which the risk was 2.5-fold 
(95%-CI 1.2–5.1; p ¼ 0.014) lower. Children with prematurity or mal-
formation of the gastrointestinal tract were more frequently affected by 
BSI and insertion site infections at a rate of 25.0% (11/44). 

3.3.2. Dislodgement 
Overall, dislocation occurred in 6.8% (n ¼ 27) on a median day of 

114 after implantation (range 11–547 days). Twenty-five CVADs un-
derwent surgical revision and were either re-positioned or removed and 
re-implanted. In nine cases, the catheter dislocated centrally, and in 
eighteen cases peripherally. 

Age and type of catheter were included as covariates in multivariate 
Cox regression analysis without any influence on the occurrence of 
dislodgement. Rising age of the patient, however, resulted in a 0.79-fold 
lower event risk per life-year (HR ¼ 0.79; 95%-CI 0.69–0.91; p ¼ 0.001). 
When compared between age groups, the HR was found to be 4.69 (95%- 
CI 1.72 to 12.77) for children under 3 years of age compared to children 
over 3 years of age. In addition, it was noted that 48.2% (13/27) of 

children affected by catheter dislodgement were younger than one year 
and 77.8% were younger than three years. 

Taking into account peripheral dislodgements (n ¼ 18), significantly 
more TCVAD (17/18) were involved (p < 0.001). For the central 
dislocation (n ¼ 9), statistical analysis did not yield a relevant result 
regarding the catheter type (6 ports and 3 TCVAD). 

3.3.3. Occlusion 
About one third (4/11) of the children with occlusions were younger 

than one year, and two thirds (7/11) younger than three years. This 
distribution was conspicuous but not statistically significant (p ¼ 0.214). 

3.3.4. Arrhythmia 
Catheter-associated arrhythmia was observed in only one of 396 

patients (0.3%). In the affected 13-year-old child, extrasystoly occurred 
on day 5 after port implantation. On postoperative chest X-ray, the 
catheter tip projected onto the right atrium, below the right main 
bronchus, and 58 mm caudally to the carina. The catheter was surgically 
revised on the same day and placed in projection to the level of the right 
main bronchus, resulting in a resolution of the arrhythmia. 

3.4. Influence of the position catheter tip on complication frequency 

Considering the total number of complications, no statistically sig-
nificant influence regarding the position of the catheter tip (395/396) 
was measureable. However, analysis of individual complications 
revealed a relevant statistical correlation between the catheter tip po-
sition and dislodgement. While 10.2% patients (n ¼ 6/59) with cathe-
ters projecting above the right main bronchus (“high”), were affected by 
peripheral dislocations, this rate was significantly lower when the tip 
was projected on (5.9%; n ¼ 10/171) or below (1.2%; n ¼ 2/165) the 
right mainstem bronchus (p ¼ 0.01). 

In the multivariate regression analysis, peripheral dislocation was 
influenced by the catheter tip position along with the child age. The HR 
of dislocation regarding the distance between carina and catheter tip 
was 0.94 (95%-CI 0.90–0.98; p ¼ 0.005) per millimeter caudal to the 
carina, thus decreasing the risk by lower tip positioning. 

Regression analysis was repeated for the categorial division of the 
catheter tip position relative to the right main bronchus. Again, a rele-
vant influence of age with an HR of 0.79 (95%-CI 0.67–0.93; p ¼ 0.004) 
per year of age and the catheter tip position on the rate of peripheral 
dislocation occurred. Comparing the different positions, a 6.38-fold 
increased risk of peripheral dislocation was found when the tip was 
positioned “high” compared to “low” (95%-CI 1.27–32.1; p ¼ 0.024) in 
accordance with the definition above (Fig. 1). 

Both “middle” or “low” catheter tip placement had a significantly 
reduced risk for catheter occlusion compared to “high” placement. There 
was a HR of 0.18 (95%-CI 0.04–0.83; p ¼ 0.027) for the risk of occlusion 
in the “middle” category, and a HR of 0.20 (95%-CI 0.04–0.88; p ¼
0.034) for the “low” category compared to “high” placement of the 
catheters. 

3.5. Influence of the catheter insertion site on the complication frequency 

In the univariate analysis, a statistically significant increased infec-
tion (p ¼ 0.013) and dislocation rate (p ¼ 0.02) was found for catheter 
implantation in the jugular vein for all catheter types. In multivariate 
regression analysis, these findings were no longer evident. 

The vessel insertion side had no influence on the complication fre-
quency of upper body CAVDs. 

4. Discussion 

The aim of our study was to evaluate the impact of CVAD tip position 
on complications by performing a multivariate analysis based on stan-
dardized radiological assessment. 

Table 1 
Long- and short-term complications of all observed patients with port systems 
and TCVADs. (n ¼ number of complications and percentage of ports system 
respectively TVAVD group).   

Long- and  
short-term 
complication 

Port n ¼ 185 TCVAD n ¼ 211 

n (%) Incidence rate (per 
1.000 catheter 
days) and 95%-CI 

n (%) Incidence rate 
(per 1.000 
catheter days) 
and 95%-CI 

Overall 37 (20.0) 0.41 (0.29–0.57) 73 
(34.6) 

1.27 
(1.00–1.60) 

Infection 
(catheter- 
related BSI) 

18 (9.7) 0.20 (0.13–0.32) 22 
(10.4) 

0.38 
(0.24–0.58) 

Infection 
(insertion 
site) 

– – 4 
(1.9) 

0.07 
(0.02–0.18) 

Dislodgement 7 (3.8) 0.08 (0.03–0.16) 20 
(9.5) 

0.35 
(0.21–0.54) 

Occlusion 3 (1.6) 0.03 (0.01–0.10) 8 
(3.8) 

0.14 
(0.06–0.28) 

Thrombosis 4 (2.2) 0.04 (0.01–0.11) 4 
(1.9) 

0.07 
(0.02–0.18) 

Arrhythmia 1 (0.5) 0.01 (<0.01–0.06) 0 – 
Mechanical 

complications 
4 (2.2) 0.04 (0.01–0.10) 12 

(5.7) 
0.21 
(0.11–0.37) 

Others – – 3 
(1.4) 

0.05 
(0.01–0.15)  
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Over a period of nearly 10 years, almost 400 of patients with cancer 
and chronic diseases were included in the study, making it the largest 
study in children on this topic. 

When individual complications were taken into consideration, a 
relevant statistical correlation between the catheter tip position and 
dislodgement was found. Detailed analyses revealed, that peripheral 
dislocation was influenced by the catheter tip position along with the 
child age. 

In addition, an increased risk for catheter occlusion could be 
observed when the catheter tip was in the “high” position. 

The vessel insertion site seemed to have no influence on the 
complication frequency of CAVDs. 

Pediatric patients with non-oncological diseases showed an overall 
increased risk of complications that occurred after a shorter implanta-
tion period compared to patients with cancer. These children were more 
likely to have ports implanted. 

The most important comparative study on CVAD-associated com-
plications in childhood to date is a systematic review by Ullman et al. 
[15], which includes 74 prospective and retrospective studies. In this 
study, pediatric patients with a variety of underlying diseases and with 
different types of CVADs were investigated. The overall complication 
rate was higher in our study with 0.41 per 1000 catheter days for port 
catheters and 1.27 per 1000 catheter days for TCVADs. However, for 
catheter-associated BSI, dislocation, occlusion, thrombosis and me-
chanical disorders, similar values were obtained. 

The median implantation time of those catheters, that were removed 
after the completion of the therapy was 327 days. These results are 
comparable to earlier studies which described an average implantation 
time of CVADs in pediatric oncological patients of 379 days [16]. 

In accordance to the present study, Ullman et al. reported that 
catheter-related BSI was the most common complication. Benefiting 
from targeted antibiotic therapy, 60% of patients in the present study 
with catheter-associated BSI did not require surgical revision, corre-
sponding to other published studies in pediatric hematological- 
oncological patients with a reported rate between 54% and 70.8% 
[17,18]. 

Generally, catheter infections are to be considered major complica-
tions. Adler et al. [17] reported a death rate from catheter-associated BSI 
of approximately 1.9% in their study of hematological-oncological pa-
tients. It is important to state that in the present cohort no patient died 
from catheter-related BSI or other catheter-associated complications. 

4.1. Underlying disease – risk factor in patients with CVAD 

The present study analyzed relevant factors influencing the devel-
opment of complications. The factor “non-oncological underlying dis-
ease” was a risk factor for the occurrence of general complications and 
catheter-associated BSI compared to “oncological underlying disease”. 
This seems paradoxical at first, since intensive chemotherapeutic 
treatment regimens and neutropenia are considered risk factors for in-
fections [17,19]. In our study, however, children with non-oncological 
underlying disease were significantly younger than oncological pa-
tients. Many of these children needed parenteral nutrition due to short 
bowel syndrome as a result of prematurity and necrotizing enterocolitis 
or congenital gastrointestinal malformations. In the literature, paren-
teral nutrition is considered an independent risk factor for 
catheter-related BSI in children [20,21]. 

4.2. Complication: CVAD dislodgement influenced by age 

In the present cohort, a relationship between patient age and 
dislodgement was detected. Our results correspond with a retrospective 
study from Pinon et al. [22] including 748 pediatric patients, that found 
an OR for dislocation of 2.03 (1.30–3.15; p ¼ 0.002) in children younger 
than three years of age. The cause of the relationship between young age 
and increased dislocation rate is not well understood. The rapid growth 

in length during the first three years of life and statomotoric develop-
ment accompanied by still missing cognitive abilities are possible 
explanations. 

4.3. Catheter-related BSI influenced by the catheter type 

The complication risk differed depending on the type of implanted 
catheter. TCVADs showed a 3.25-fold (p < 0.01) increased event risk for 
overall complications compared to ports. As already reported for chil-
dren with cancer, further studies confirmed a higher risk of complica-
tions for TCVADs compared to port systems, like an increased IR [10,21, 
23,24]. 

4.4. Influence of the catheter tip position on complications 

The optimal catheter tip position in longterm CVAD in children 
seems to be important in order optimize outcome. Unfortunately, sci-
entific evidence to date is scarce so that most practitioners rely on expert 
opinion, studies in adults, and their own experience. Further challenges 
are the exact knowledge of the anatomical conditions, problems in the 
radiological identification of the cavo-atrial transition and standardized 
assessment of the relationship between catheter tip position and 
outcome [25]. Many surgeons worldwide today still use x-ray contrast 
medium to determine the catheter tip position, because of their personal 
experience and the ubiquitous availability compared to echocardiogra-
phy. Various landmarks for the SVC in chest radiographs have been 
described. While the heart silhouette or the right mediastinal border and 
the carina are considered rather unreliable [5,25,26] the tracheobron-
chial angle is often used. It should define the cranial border of the SVC 
most accurately. However, these experiences are also mostly based on 
adult studies [2,27]. At least in neonates, Inagawa et al. state that the 
carina is not always located above the pericardium, as it is in adults; 
therefore, the carina should not be an appropriate landmark for central 
venous catheter placement. 

4.5. Cardiac perforation, tamponade or arrhythmia and position of the 
catheter tip 

One reason to place the tip well above the right atrium is to avoid 
cardiac perforation or tamponade [5]. However, there are only few case 
reports on this complication [3,28]. 

Darling et al. [3] reported five cases of cardiac tamponade in preterm 
infants which appeared in a neonatology over a four-year period. In all 
cases, the catheter tip was positioned in the right atrium, and the authors 
point out that there were irregular bends or looping of the catheter in all 
cases, which are considered to be major contributing factors of perfo-
ration. There are other reports of cardiac tamponade in premature ba-
bies and newborns [29,30], suggesting a particularly high risk for 
perforation in this age group. In our total cohort of n ¼ 396 patients, the 
proportion of children younger than one year was 15.9%, including nine 
newborns. There was no case of cardiac perforation or tamponade. One 
case of catheter-associated arrhythmia occurred, that was possibly 
related to placement of the catheter tip. 

4.6. Dislodgement and position of the catheter tip 

Our results show a higher frequency of non-central dislocation with 
more cranial placement of the catheter tip. The risk of dislocations to-
wards the periphery decreased per millimeter further caudally from the 
carina. 

In multivariate analysis including patient age, a higher risk of 
dislodgement is shown in younger children. This fact might be explained 
by smaller anatomy with shorter vessels as well as already mentioned 
the more rapid growth in early ages. 
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4.7. Occlusion and position of the catheter tip 

The position of the catheter tip also influenced the frequency of oc-
clusions. For the variables catheter tip “middle” and “deep”, a lower risk 
of occlusions was shown compared to “high” catheter tip position. 

A possible explanation could be the anatomy. In the immediate vi-
cinity of the atrium, there are higher flow velocities, which theoretically 
reduce the risk of catheter-associated thrombosis and occlusion. Similar 
results are also described by Revel-Vilk et al.. A study with 423 central 
catheters showed an increased danger (HR of 2.7; 95% CI-1.23–5.93) for 
occlusions at more proximal catheter positions [24]. 

4.8. Limitations 

Our study has some limitations. Firstly, we performed a retrospective 
analysis, hampering exact definition of complications in some cases. 
Some complications might be clinically inapparent and might not have 
been detected specific investigations. Silent thrombosis was found in 
62% in targeted duplex ultrasound examination of asymptomatic pa-
tients [31]. 

The different catheter diameter could also be of importance and 
should be investigated in future analyses. 

Another problem is that the catheter tip was determined by post-
operative chest x-ray. If the complication occurred months or years after 
implantation, the position might have changed before detection of the 
complication due to growth of the patient. However, this represents an 
intention to treat approach. In the clinical setting, the surgeon must 
determine the optimal tip position at the time of insertion, taking into 
account the potential of future growth and other age-associated factors. 

5. Conclusion 

In conclusion, a well-considered positioning of the catheter, espe-
cially in infants, seems to be crucial. A high catheter tip position in-
creases the risk of dislocation and occlusions. The risk of accidental 
cardiac perforation seemed to be negligible outside the neonatal period. 

With regard to all age groups, our data indicate that positioning of 
the catheter tip in the radiographic projection on or below the right main 
bronchus is the recommendable position of the catheter tip in pediatric 
patients. 

The vessel insertion site of the CVAD had no impact on complication 
frequency in this study. 
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