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Introduction
The most frequent types of cancer in the pediatric popula-
tion are hematologic neoplasms (leukemia and lymphoma), 
tumors of the nervous central system and neuroblastomas.1 
Cancer treatment implies a multidisciplinary approach 
which includes the combined use of surgery, antiblastic 
chemotherapy, radiotherapy, immuno-therapy, and/or bone 
marrow transplantation. Such approach has dramatically 
improved the overall 5-year survival rate in children with 
cancer (about 80%).2 In this clinical context, central venous 
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access devices (CVADs) have become of paramount impor-
tance to ensure the feasibility of repeated blood sampling 
and the safe delivery of oncologic therapies (chemother-
apy, immunotherapy) as well as of support therapies (par-
enteral nutrition, blood and platelet transfusions, stem cell 
infusion).3,4

Although essential for the treatment of any onco-hema-
tologic patient, CVADs are potentially associated with 
complications which may result in unscheduled hospitali-
zation, prolongation of hospital stay, increased morbidity/
mortality and increased cost of care.3 In the last decade, 
peripheral inserted central catheters (PICCs) have been 
increasingly used in adult cancer patients as an alternative 
option to centrally inserted central catheters (CICCs),5,6 
since PICC insertion is minimally invasive and is not asso-
ciated with the risk of immediate severe complications 
(pneumothorax, hemothorax, hematomas, etc.) potentially 
associated with CICC insertion. Also, PICCs can be safely 
inserted even in cancer patients with bleeding disorders or 
receiving antithrombotic therapy.7

The use of PICCs in onco-hematologic children has 
been questioned by some authors, because of the fear of 
catheter-related thrombosis (CRT).8,9 Though, other 
authors10 have noted that the apparent high risk of CRT 
reported in some studies is due to a confusion between two 
different devices, the ultrasound guided PICCs (inserted in 
children) and the epicutaneo-cava catheters (inserted in 
neonates), the latter being notoriously characterized by a 
high incidence of local thrombosis. Also, the actual risk of 
CRT for ultrasound guided PICCs in adult patients—
according to recent reviews and meta-analyses—is mainly 
dependent on the technique of PICC insertion,5,6 and this 
may be true also in pediatric patients.

In this retrospective study, we have analyzed the clini-
cal performance of different types of CVADs (all inserted 
according to a well-defined insertion protocol) in a cohort 
of onco-hematologic pediatric patients, during a period of 
4 years, focusing on the risk of catheter-related complica-
tions (and mainly on the risk of CRT).

Methods
This retrospective analysis was designed to investigate the 
clinical performance and the complication rate of CVADs 
in onco-hematologic pediatric patients, for the purpose of 
quantifying the risk of symptomatic CRT and of all other 
catheter-related complications when proper insertion and 
maintenance bundles are consistently adopted.

We reviewed the charts of all children with cancer who 
had a central venous access device (CVAD) inserted for 
chemotherapy or other supportive intravenous treatment in 
a 4-year period. This single-center study was conducted on 
patients admitted to the department of pediatric oncology 
of a large university hospital in the metropolitan area of 
Rome, Italy (“A. Gemelli” University Hospital, Catholic 

University School of Medicine). The study protocol was 
approved by the local Ethics Committee, and the review 
was conducted according to the STROBE recommenda-
tions for retrospective studies. The parents (or guardians) 
were informed about the objective of the study and signed 
an informed consent form.

We included in the study all children (age ranging from 
birth to 17-year-old) candidate to central venous catheteri-
zation in a 4-year period. Totally implanted venous access 
devices (chest-ports, PICC-ports, femoral ports) and 
peripheral venous access devices (short peripheral cathe-
ters, long peripheral catheters, midline catheters) were not 
included in this analysis. Other exclusion criteria were the 
following: age >17 years, denial of parental consent, and 
CVADs placed in emergency. The CVADs included in the 
analysis were peripheral inserted central venous catheters 
(PICCs), centrally inserted central catheters (CICCs), and 
femorally inserted central venous catheters (FICCs), all of 
them inserted according to an insertion bundle described in 
a previous study.11

This bundle includes seven evidence-based strategies:

(1) Ultrasound preprocedural evaluation of all deep 
veins using previously described protocols: the 
Rapid Central Vein Assessment (RaCeVA),12 the 
Rapid Peripheral Vein Assessment (RaPeVA),13,14 
the Rapid Femoral Vein Assessment (RaFeVA).15 
An ideal vein/catheter ratio of at least 3:1 was con-
sidered acceptable.16

(2) Aseptic technique (hand hygiene, maximum bar-
rier protections, skin antisepsis with 2% chlorhex-
idine in 70% isopropyl alcohol).

(3) Real-time ultrasound guided venipuncture with 
different techniques in terms of vein view (short 
axis, long axis, oblique axis) and needle approach 
(in-plane, out-of-plane), depending on the vein 
considered and on the clinical situation.17 
Ultrasound was also used to assess the proper 
direction of the guidewire and of the catheter 
(ultrasound-based tip navigation), according to the 
ECHOTIP-Ped protocol.18 In case of CICC inser-
tion, ultrasound was used to assess the absence of 
pneumothorax, immediately after venipuncture, as 
currently recommended.17

(4) Intra-procedural verification of tip location by non-
invasive methods such as intracavitary ECG,19 and/
or ultrasound-based tip location according to the 
ECHOTIP-Ped protocol.18 Post-procedural X-ray 
was taken into consideration as an option only in 
case of failure (not feasibility or not applicability) 
of both intracavitary ECG and ultrasound-based tip 
location.

(5) Appropriate planning of the exit site of the CVAD 
adopting tunneling whenever needed, so to move 
the exit site away from areas at high risk of 
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bacterial contamination or dislodgment. Tunneling 
options were decided according to the RAVESTO 
protocol.20

(6) Sutureless securement of the venous catheter, as 
currently recommended.21 Securement was 
achieved either by skin adhesive sutureless devices 
(StatLock, BD; GripLok, Zevon) or by subcutane-
ous anchorage (SecurAcath, Interrad).

(7) Protection of the exit site using cyanoacrylate glue22 
and semipermeable transparent membranes with 
high permeability (high MVTR = high Moisture 
Vapor Transfer Rate) (Tegaderm Advance, 3M; 
IV3000, Smith & Nephew; SorbaView, Centurion); 
a value of MVTR > 150023 was considered 
acceptable.

All insertion procedures were performed in a dedicated 
procedure room of the local pediatric intensive care unit. 
Sedation, analgesia and local or general anesthesia were 
used in all patients, in different combinations, depending on 
the age of the patient and his/her compliance and clinical 
status. Further details about our CVAD insertion protocol, 
including the ECG monitors and the ultrasound devices we 
used, have been described in the study quoted above.11

The choice of CVAD was based on the vein availability. 
If deep veins of appropriate caliber were available at the 
upper arm, PICC was preferred over CICC. FICCs were 
used only in selected cased of documented obstruction/
compression of the superior vena cava. Non-valved, non-
cuffed power injectable polyurethane VADs of many dif-
ferent brands were used (Healthline, DeltaMed, MedComp, 
Plan-1-Health, Cook Medical, Vygon). Both in infants and 
in children, 3–4 Fr single or 4–5 Fr double lumen catheters 
were used: catheters currently marketed as PICCs were 
used “off label” also as CICCs or FICCs, as previously 
described.13,24,25 This allowed us to use micro-introduction 
kits with 21G echogenic needle and soft straight tip 0.018″ 
guidewire for all procedures.

CVAD maintenance was adherent to the local hospital 
policies and to the current international recommenda-
tions21: dressing change every 7 days (unless dirty, soiled 
or partially detached), skin antisepsis with chlorhexidine 
2% in alcohol, change of skin-adhesive sutureless devices 
every 7 days, use of chlorhexidine-releasing sponge dress-
ings only in non-tunneled catheters, adoption of needle 
free connectors with neutral displacement (changed every 
7 days), disinfecting caps, flush and lock with saline only, 
daily surveillance of the exit site (to rule out edema, ery-
thema, tenderness, etc.).

Endpoints
The primary endpoint was to evaluate the incidence of 
symptomatic catheter-related thrombosis (CRT) in the first 
6 months after insertion.

Secondary end-point was the incidence of other CVAD-
related complications occurring in the first 6 months: imme-
diate complications at insertion, early complications (within 
48 h from insertion) and late complications (after 48 h and 
within 6 months), the latter including infections (exit site 
infection, infection of the tunnel, or catheter-related blood 
stream infection) and mechanical complications (catheter 
rupture, tip migration, accidental dislodgment, irreversible 
malfunction due to lumen occlusion).

Symptomatic catheter-related thrombosis (CRT) was 
diagnosed by ultrasound examination, performed only if sus-
pected because of suggestive clinical signs and symptoms 
(swelling of the ipsilateral arm, pain, erythema, etc.). Local 
skin infection was defined by the presence of erythema and 
tenderness over the exit site or the tunnel, regardless of the 
presence of fever or purulent discharge. The diagnosis of 
catheter-related blood stream infection (CRBSI) was based 
on the method of Differential Time to Positivity (DTP).26,27 
Catheter malfunction was defined as persistent inability to 
infuse normal saline solution despite the manual pressure 
performed on the piston of a 10 ml syringe, or as ability to 
infuse but with persistent difficulty in blood withdrawal. 
Dislodgment was defined as catheter movement of more 
than 2 cm from the original position at the exit site.

Statistical analysis
The natural history of each CVAD (insertion related com-
plications, late complications, cause of removal, etc.) was 
analyzed for a 6-month period after insertion, reviewing 
the patients’ clinical records.

An electronic database was created, including relevant 
clinical data concerning the patients (age, weight, sex, type 
of cancer, type of therapy, duration of therapy), CVAD 
insertion (type of catheter, tunneled or not, caliber of vein 
vs catheter caliber, type of sedation/anesthesia) and 
CVAD-related complications (early, i.e. withing 48 h, vs 
late, i.e. from 48 h to 6 months). Reasons for CVAD 
removal (completion of treatment, death, or complication 
requiring removal) and duration of catheterization were 
also recorded.

The statistical analysis of the anamnestic characteristics 
of the sample and of the incidence of complications was 
performed using Excel files. The incidence of complica-
tions was compared with the figures reported in the litera-
ture. Data were normalized considering the different 
characteristics of the individual devices used and the other 
characteristics shown on the data collection sheet.

Results
In this retrospective analysis, we studied 115 onco-hema-
tologic pediatric patients: 64 males (55.7%) and 51 females 
(44.3%). Mean age was 8 years (range 2 months–17 years): 
26 infants between 2 months and 3 years old (22.6%), 67 
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children between 4 and 14 years old (58.2%), and 22 ado-
lescents between 15 and 17 years old (19.1%). The types of 
cancer are shown in Table 1.

Most patients (n = 55) had only one CVAD inserted 
(47.9%), 28 patients had two CVADs (24.3%), 19 patients 
had three CVADs (16.5%), 13 patients had four CVADs or 
more (11.3%).

A total of 227 CVADs were included in the analysis, 
most of them being PICCs (n = 175; 77%); CICCs were 
used in 22% of cases (n = 50), and mainly inserted by a 
supraclavicular approach to the brachio-cephalic vein 
(only in a minority of patients they were inserted by an 
infraclavicular approach to the axillary vein). FICCs were 
used in two patients (1%). Most CVADs (n = 184; 81%) 
were tunneled: 140 PICCs (puncture site in the proximal 
third of the upper arm and exit site in the middle third), 42 
CICCs (puncture site in the supraclavicular area and exit 
site in the infraclavicular area), and 2 FICCs (puncture site 
at the groin and exit site at mid-thigh).

Median dwelling time of all CVADs was 172 days 
(range 1–655 days), for a total number of 39,044 catheter 
days. Adhesive sutureless devices were used for 163 
CVADs (71.8%) while only 64 (28.19%) were secured 
with subcutaneous anchorage.

The incidence of symptomatic catheter related throm-
bosis (CRT) was 0.9% (i.e. two cases: one PICC-related 
and one CICC-related). CRT did not require CVAD 
removal; both cases were managed by anti-thrombotic 
treatment, and the CVADs were used for chemotherapy 
without interruptions.

There were no immediate/early insertion-related compli-
cations. Post-procedural X-ray was never used, as tip loca-
tion was always verified successfully during the procedure.

As regards infective complications, we recorded five 
cases (2.2%; 0.12 episodes/1000 catheter days) of docu-
mented exit site infection (positive culture of the skin at the 
exit site), all of them in tunneled CVADs, and all successful 
managed by conservative treatment (systemic antibiotics and 
local antisepsis). There was no case of tunnel infection. 
Catheter colonization without bacteremia was diagnosed by 
DTP in 20 cases (8.8%; 0.51 episodes/1000 catheter days): 
14 cases were successfully managed by conservative treat-
ment with 2% taurolidine lock, while six cases required 
CVAD removal. CRBSI was diagnosed by DTP in 22 cases 
(9.7%; 0.56 episodes/1000 catheter days): 6 cases were suc-
cessfully managed by conservative treatment (antibiotic lock 
therapy + systemic antibiotics), while 16 cases required 
CVAD removal. There was no difference in infective com-
plications comparing PICCs and CICCs or comparing tun-
neled versus non-tunneled catheters or comparing children 
with hematologic diseases versus children with solid tumors.

As regards mechanical complications, we recorded 12 
cases (5.2%) of tip migration (secondary malposition), four 
catheter ruptures (1.7%), and 20 cases (8.8%) of accidental 
dislodgment. Most of these complications were treated—
whenever possible—by guidewire replacement of the 
CVAD. Interestingly, the incidence of accidental dislodg-
ment was 10.4% in CVADs secured with skin adhesive 
sutureless securement (17 out of 163 CVADs), but only 
4.6% in CVADs secured with subcutaneous anchorage (3 
out of 64 CVADs). Catheter malfunction due to lumen 
occlusion occurred in 20 cases (8.8%), but there was no case 
of irreversible occlusion requiring removal. There was no 
difference in mechanical complications between PICCs and 
CICCs or between tunneled versus non-tunneled catheters.

Table 2 reports the incidence of each catheter-related 
complication.

In summary, reasons for unscheduled CVAD removal (or 
guidewire replacement) were either infection/colonization 
(n = 22; 9.7%) or mechanical complications (n = 36; 15.7%). 
In most patients (n = 126; 56%), CVADs were removed 
because of completion of treatment. Follow up was not com-
pleted for 11 CVADs (4.8%), due to referral of the patients to 
another hospital. Ten CVADs (4.4%) were still being used for 
chemotherapy at 6-month follow up. Death during the 
6-month follow up occurred in 22 patients (9.7%).

As no cuffed CVAD was used, all catheter removals were 
easily performed bedside, without requirement of sedation or 
anesthesia, and without any reported complication.

Discussion
This retrospective study suggests that use of CVADs in the 
onco-hematologic pediatric patients is safe, being associated 
with a very low incidence of complications, if well-defined 
insertion and maintenance bundles are consistently adopted.

In particular, the use of PICCs (175 in this analysis) 
appears to be particularly safe in oncologic and hemato-
logic pediatric patients.

Table 1. Diagnosis of neoplastic disease in the patients’ 
population.

Diagnosis Total = 115 children

Acute Lymphoblastic Leukemia 23
Glioma 14
Lymphoma 12
Astrocytoma 12
Ewing sarcoma 10
Neuroblastoma 10
Rhabdomyosarcoma 8
Germinal cells tumor 7
Medulloblastoma 7
Osteosarcoma 3
Ovarian cancer 2
Wilms tumor 1
Neuroectodermal tumor 1
Retinoblastoma 1
Medullo-epithelioma 1
Ependymoma 1
Nasopharynx tumor 1
Hepatic sarcoma 1
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In a previous study on 36 PICCs inserted by a radiology 
team under fluoroscopic guidance in 32 pediatric onco-
logic patients,28 the overall incidence of complications was 
5.29 per 1000 catheters days. Lumen occlusion was 
reported as the most frequent complication (2.98/1000 
catheter days), followed by CRBSI (1.98/1000 catheter 
days) and accidental removal (0.3/1000 catheter days). 
The authors used 4 Fr single lumen PICCs, but no meas-
urement of the veins was reported.

Symptomatic CVAD-related thrombosis has been 
reported to very high (30%–68%) in children with lym-
phoma.29 In a recent study in children with leukemia,30 the 
incidence of CRT was 10.2% in children with PICCs but 
only 1.5% in children with tunneled-cuffed CICCs. In the 
mentioned study, the caliber of the catheter had been cho-
sen according to the age and weight of the patients, with-
out any mention of the caliber of the veins; also, the final 
position of the catheter tip had been verified by a post-
procedural chest X-ray (contrary to the recommendations 
of the current guidelines).21

In another prospective multicenter study in children 
aged 6 months–18 years,9 the incidence of CVAD-related 
thrombosis was reported to be 5.9%. The incidence of 
PICC-related thrombosis was 9%, higher than the inci-
dence observed with tunneled CICCs or ports. The choice 
of the type of device had been done randomly in a 1:1 fash-
ion, with no consideration of the venous patrimony of the 
child or of the caliber of the vein.

On the contrary, in our study the incidence of sympto-
matic CRT was very low (0.9%), although many children 
(35 out of 115) had hematologic neoplastic diseases 
(acute lymphoblastic leukemia or lymphoma) (see Table 
1). Also, there was no significant difference of incidence 
of CRT between PICCs and CICCs. The very low inci-
dence of CRT reported in our study is probably explained 
by the adoption of a well-defined insertion bundle11 
which includes all the evidence-based strategies which 
are known to be effective in preventing CRT: use of ultra-
sound for the systematic examination of the veins before 
the procedure, so to ensure a proper catheter/vein ratio of 
1:3 or lower16; use of ultrasound guided venipuncture 

with micro-introduction kit, so to minimize the endothe-
lial trauma17,31; accurate intraprocedural methods of tip 
location, such as intracavitary ECG and echocardiogra-
phy18,19; appropriate sutureless securement so to stabilize 
the catheter.

As regards CRBSI, its incidence in oncologic and 
hematologic pediatric patients has been reported to be 
3.5/1000 catheter days for tunneled-cuffed CICCs and 
3/1000 catheter days for PICCs.32 The risk of CRBSI has 
been reported to be particularly high in children with acute 
myeloid leukemia (AML) and aged 1 year or less.33 In a 
population of 560 pediatric patients with AML and neutro-
penia, the incidence of CRBSI was 11 episodes per 1000 
neutropenic days for tunneled CICCs, 13.7 for PICCs and 
10.7 for ports.34

The increasing use of insertion and maintenance bundle 
has certainly reduced the incidence of catheter related 
infection.35,36 Implementing bundles of maintenance and 
care of central venous catheters have shown a 28% reduc-
tion in CRBSIs also among pediatric onco-hematologic 
patients.37,38

In our cohort of patients, the incidence of CRBSI was 
very low: 0.56 episodes per 1000 catheter days. This very 
low incidence of CRBSI is probably explained by the 
adoption of well-defined insertion and maintenance bun-
dles which include all the evidence-based strategies which 
are known to be effective in preventing CRBSI: a strict 
policy of hand hygiene; consistent adoption of maximal 
barrier precautions; skin antisepsis with 2% chlorhexidine 
in 70% isopropyl alcohol; choice of an appropriate exit site 
with extensive adoption of the tunneling technique; suture-
less securement of the catheters, as recommended by the 
current guidelines; protection of the exit site using 
cyanoacrylate glue and semipermeable transparent dress-
ings; use of chlorhexidine-releasing sponge dressings in 
non-tunneled catheters; adoption of needle free connectors 
with neutral displacement protected by disinfecting caps; 
flush and lock with saline only; daily surveillance of the 
exit site.

As regards the mechanical complications, we had no 
case of irreversible lumen occlusion, which had been 

Table 2. Incidence of catheter-related complications (6-month follow up).

n % n/1000 cath.days Removal

Symptomatic catheter-related thrombosis (CRT) 2/227 0.9 -
Exit site infection 5/227 2.2 0.12 -
Catheter colonization 20/227 8.8 0.51 6
Catheter-related blood stream infection (CRBSI) 22/227 9.7 0.56 16
Tip migration 12/227 5.2 12
Catheter rupture 4/227 1.7 4
Accidental dislodgment: 20/227 8.8  

- skin-adhesive device 17/163 10.4 17
- subcutaneous anchorage 3/64 4.6 3

Lumen occlusion 20/227 8.8 -
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reported as a frequent complication in previous studies.28 
This might be explained by the consistent use of needle-
free connectors with neutral displacement and by a proper 
policy of catheter flushing with saline only. Also, the adop-
tion of non-valved power injectable polyurethane CVADs 
played an important role in this regard: when lumen occlu-
sion occurs, disobstruction of power injectable catheters is 
easy and effective, since it is possible to use small syringes 
(2 ml or 5 ml) which exert high pressure but do not harm 
these catheters. All lumen occlusions were successfully 
managed by hydraulic maneuvers, with no need for 
alteplase or urokinase.

The consistent use of power injectable polyurethane 
catheters may also explain the low rate of catheter rupture 
(1.76%).

Accidental dislodgment was somehow higher than 
expected. In a recent pediatric study on 311 tunneled 
catheters, both cuffed and non-cuffed, all secured by 
subcutaneous anchorage, the incidence of dislodgement 
was 2.6%.39 In our study, the rate of dislodgment of sub-
cutaneously anchored CVADs was 4.6%, and even 
higher in CVADs secured by skin adhesive sutureless 
device. This reflects our experience of a 4-year period, 
but our future clinical results are expected to improve, 
since we are now adopting subcutaneous anchorage in 
100% of pediatric CVADs inserted in non-emergency 
situations; also, the staff has become more expert in the 
placement and in the management of the subcutaneous 
anchoring device, leading to its higher effectiveness in 
terms of risk of dislodgment.40,41

Conclusions
Our experience with CVADs in oncologic and hemato-
logic children shows that the catheter-related complica-
tions may be minimized if a proper insertion bundle and a 
proper maintenance bundle are adopted.

Using appropriate prevention strategies, we have 
achieved a very low incidence of symptomatic CRT (0.9%) 
and CRBSI (0.56/1000 catheter days), both in PICCs and 
in CICCs.
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