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    Abstract  

  Central venous catheters are an essential com-
ponent of care in children and adolescents with 
cancer and allow for safe and compassionate 
administration of chemotherapy and support-
ive medications, infusions, and transfusions in 
an effi cient and cost- effective manner. With 
these benefi ts also come a host of decisions 
and potential  complications. Catheter choice 
includes implanted versus external catheter, 
those meant for short- versus longer-term 
usage, as well as catheters that may be utilized 
for hematopoietic stem cell harvesting. 
Complications are primarily infection and 
thrombosis. This chapter provides evidence-
based graded recommendations from the med-
ical literature regarding choice and care of 
catheters specifi c for each patient and  provides 
techniques for prevention, recognition and 
treatment of the most common complications.  
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17.1        Introduction 

 Central venous catheters (CVCs) are an impor-
tant component of the supportive care of pediat-
ric oncology patients and allow for the utilization 
of increasingly intensive and complex therapeu-
tic regimens which has contributed to the 
increased survival rate in high-income  countries. 
CVCs allow for safe delivery of chemotherapy, 
antibiotics and other medications, parenteral 
nutrition, blood products, hematopoietic stem 
cell infusions, and fl uids. Frequent blood sam-
pling, required to monitor side effects of therapy 
and disease status, can be accomplished com-
fortably and effi ciently through an external 
CVC. Despite these advantages, challenges 
exist with the use of CVCs, primarily infection 
and occlusion. Ongoing research to develop 
strategies to prevent and treat these problems is 
needed. Here we review the existing literature 
and provide graded recommendations based 
on the evidence as well as consensus and 
expert opinion when fi rm evidence is lacking 
(Table  17.1 ).

17.2        Types of Central Venous 
Catheters 

 CVCs are divided into two categories: non- 
tunneled and tunneled. Each catheter type has 
specifi c line care needs, advantages, disadvan-
tages and complications (Table  17.2 ). Selection 
of the optimal type of CVC for use in a specifi c 
disease or treatment protocol is not standardized. 
Factors to consider in catheter selection include 
the age and weight of the child, the length and 
intensity of therapy, frequency of blood sam-
pling, anticipated supportive care interventions 
including  transfusions, infusions and nutrition, 
level of patient activity, body image, and family 
ability to understand teaching and properly care 
for the line. 

17.2.1     Peripherally Inserted Central 
Catheter 

 A peripherally inserted central catheter (PICC) 
is the most frequently inserted non-tunneled 

CVC for short-term intravenous therapy and 
can remain in place for weeks to months. A 
PICC is the ideal central access device for 
oncology patients that present acutely ill and 
too unstable for anesthesia (e.g., mediastinal 
mass, airway compromise). Some institutions 
prefer a PICC during induction therapy for 
acute leukemia due to concern of an increased 
risk of catheter thrombosis associated with 
asparaginase therapy. The thin fl exible silicone 
or polyurethane catheter is typically inserted 
into the basilic vein due to the ease of threading 
within this vessel. The catheter tip is placed 
into a large vessel, typically the distal superior 
vena cava (SVC), allowing for rapid dilution of 
medications and prevention of vessel damage 
from vesicants and hyperosmolar solutions 
(Pettit  2002 ; Burns  2005 ). Insertion complica-
tions include curling of the catheter, diffi culty 
threading the catheter, multiple attempts to 
place the catheter, malposition or failure to 
insert the catheter and medial nerve damage 
(Pettit  2002 ; Burns  2005 ; Alomari and Falk 
 2006 ). Post-insertion imaging either with a 
chest radiograph or fl uoroscopy should be 
obtained to document proper placement of the 
catheter tip. 

 Advantages of PICCs include the ability to 
insert at either the bedside or in interventional 
radiology, ability to remove at the bedside, 
decreased cost and decreased potential compli-
cations related to anesthesia or a surgical 
 procedure. After insertion, the external portion 
of the catheter is measured and documented. 
Remeasurement with each dressing change 
ensures proper positioning. Smaller gauge 
(larger diameter) PICCs allow for blood sam-
pling and red blood cell transfusions. The manu-
facturer’s recommendations and established 
institutional guidelines should be strictly fol-
lowed. Disadvantages of a PICC include the 
need for sterile dressing changes,  frequent fl ush-
ing and a risk of phlebitis. The  catheter lacks a 
cuff for stabilization creating an increased risk 
of dislodgement. Securing a PICC line is espe-
cially important in young or unstable patients. A 
sutureless securement device, StatLock®, is a 
housing unit that clips the PICC line suture 
wings into place with an adhesive patch, 
 improving stabilization over tape. A  prospective, 
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randomized trial to evaluate the use of StatLock® 
versus sutures found an overall reduction in 
complications and specifi cally with a signifi cant 
decrease in bloodstream infections (Yamamoto 
et al.  2002 ).  

17.2.2     External Tunneled Central 
Venous Catheter 

 A Broviac catheter is the most commonly inserted 
external tunneled CVC in pediatrics (other  external 

   Table 17.1    Summary of recommendations for prevention of infectious complications with central venous catheters 
(CVCs)   

 Recommendation  Level of evidence a  

 Insertion  Hand hygiene with soap and water or waterless alcohol gel  1A 
 Maximal sterile barrier precautions: cap, mask, sterile gown, sterile gloves, sterile 
full body drape 

 1A 

 Skin antisepsis with 2 % chlorhexidine  1A 
 Trained, competent provider to insert or oversee inexperienced personnel  1A 
 No prophylactic antibiotic  1B 
 Use of totally implanted device whenever possible due to decreased risk of 
infection 

 1B 

 Use of ultrasound-guided assistance not recommended with subclavian line 
placement 

 2A 

 Subclavian site is the preferred insertion site  2C 
 CVC placement can occur with ALL induction or be delayed  2C 

 Site care  Hand hygiene with soap and water or waterless alcohol gel  1A 
 Use either sterile transparent semipermeable dressing or sterile gauze and tape 
dressing (especially if diaphoretic or bleeding from site) 

 1A 

 Change sterile transparent semipermeable dressing every 5 days or when loose, 
wet, or soiled 

 1C 

 Change sterile gauze and tape dressing daily or if loose, wet, or soiled  1C 
 Chlorhexidine gluconate for exit site antisepsis  1A 
 Monitor site for evidence of infection  1C 
 No topical antibiotic at exit site  1B 
 Use of StatLock® for securement of PICC line  1B 
 Antiseptic-impregnated catheters are not routinely recommended  2C 

 Hub care  Scrub hub for 15 s with either 70 % isopropyl alcohol or 2 % chlorhexidine in 
70 % isopropyl alcohol prior to every access 

 1B 

 Assessment  Daily assessment of site for evidence of infection  1C 
 Daily assessment of need for CVC  1A 

 Locking 
line 

 External catheters: daily (when not in use) and after intermittent use with 
heparinized saline (concentration/volume per institutional policy) 

 1C 

 Totally implanted device: monthly and after intermittent use with heparinized 
saline (concentration/volume according to institutional policy) 

 1C 

 Education  Dedicated CVC team to evaluate current literature  1B 
 Ongoing training for personnel of new policies, procedures, equipment  1B 

 Infection  Antibiotic ointment alone should not be used for exit site infections  1B 
 Catheter removal is indicated for tunnel infection  2A 
 Port catheter removal is indicated for pocket infection  1A 

 Occlusion b   Utilization of tPA dwell for CVC occlusion  2A 
 Low-dose systemic tPA if tPA dwell unsuccessful  2C 
 Imaging with compression US with Doppler and CT with venography if US 
nondiagnostic with a high level of suspicion 

 2A 

   ALL  acute lymphoblastic leukemia,  PICC  peripherally inserted central catheter,  tPA  tissue plasminogen activator,  US  ultra-
sound,  CT  computed tomography 
  a Per Guyatt et al. (2006); see Preface 
  b See text for further detail  
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tunneled CVCs include Hickman, Groshong, 
Leonard, Hemocath and Powerline) and is available 
in either a single- or double-lumen system. Tunneled 
catheters are placed into a vein in the chest or neck 
and tunneled under the skin to secure for long-term 
use. Made of silicone or polyurethane, Broviac 
catheters are surgically inserted into either the inter-
nal jugular vein or subclavian vein with the tip 
placed into the distal SVC. The line is tunneled 
under the skin and exits on the anterior or lateral 
chest. A Dacron cuff stimulates tissue growth stabi-
lizing the line in place while inhibiting bacterial 
migration. The cuff may be felt under the skin 
approximately 2 cm above the exit site. 

 A Powerline is a newer less frequently used 
cuffed polyurethane tunneled CVC available in 
single-, dual- or triple-lumen systems. In addition 
to the advantages of an external CVC, a Powerline 
is compatible with power injection of CT contrast 
(as needed for imaging) with a maximum fl ow 
rate of 5 mL/s and can be utilized for stem cell 
harvesting (BARD website  2014 ). Routine daily 
line care is similar to a Broviac though Powerlines 
are made of a fi rmer material and breaks in the 

external portion are not repairable, thereby 
requiring removal. 

 Advantages of an external CVC include easy 
access for delivery of intravenous therapies and 
painless blood sampling. In the event of tears or 
blockages, the external portion of the catheter is 
repairable with kits available from the manufac-
turer. Repair kits for each CVC size should be 
kept in stock at the institution. Disadvantages of 
an external CVC are requirement of surgical 
placement with anesthesia, increased risk of 
infection and thrombosis compared to implanted 
catheters, requirement for sterile dressing 
changes, daily heparin fl ushes, risk of kinking 
and breaking particularly with larger gauge 
(smaller diameter) sizes, limitations on activity 
(swimming and bathing), impact on body image, 
and potential for self-removal, especially with 
infants and toddlers. External CVCs carry a 
greater risk of infection than implanted ports as a 
result of the external site of the hubs and possibly 
secondary to the frequency of access for infusion, 
line fl ushing and blood sampling (Adler et al. 
 2006 ; Maki et al.  2006 ; Perdikaris et al.  2008 ).  

    Table 17.2    Advantages and disadvantages of central venous catheters (CVCs)   

 Type of CVC  PICC  Broviac  Implanted port  Powerline 

 Advantages  Immediate access  Immediate access  No required daily care 
(when not accessed) 

 Immediate access 

 Bedside insertion  Painless blood 
sampling 

 Blood sampling (when 
accessed) 

 Blood sampling 

 Bedside removal  External portion 
repairable 

 Lower infection risk  Compatible with CT 
power injection 

 Blood sampling with 
≥2.8 F 
Transfusions with 
≥4.0 F 

 No restriction of 
activities 

 Use for stem cell 
pheresis 

 Disadvantages  Frequent fl ushing  Surgical placement  Needle required for 
access 

 Surgical placement 
Daily fl ushing  Sterile dressing 

changes 
 Daily fl ushing 

 Phlebitis  Sterile dressing 
changes 

 Potential needle 
dislodgement 

 Sterile dressing changes 

 Increased infection risk  Bathing limitations 
 Bathing limitations  No swimming 
 No swimming  Potential for self-removal 
 Potential for 
self-removal 

 External portion not 
repairable 

 Impact on body image  Impact on body image 

   PICC  peripherally inserted central catheter,  F  French,  CT  computed tomography  
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17.2.3    Implanted Port 

 A port is a totally implanted tunneled CVC con-
sisting of two sections, a plastic or titanium res-
ervoir with a self-sealing rubber septum and a 
silicone or polyurethane catheter. The reservoir 
is placed in a surgically created pocket in the 
subcutaneous tissue below the clavicle and 
sutured to the fascia to ensure stabilization. The 
reservoir should not be placed directly beneath 
the surgical incision as accessing through the 
incision may lead to infection or skin break-
down (Baggott et al.  2002 ). The catheter is tun-
neled and inserted into either the internal jugular 
or subclavian vein with the tip in the distal 
SVC. The use of a non-coring Huber needle 
prolongs the life of the septum to approximately 
2,000 punctures with a 22 gauge needle and 
1,000 punctures if using a 19 gauge needle 
(BARD website  2014 ). If the port is to be used 
immediately, the surgeon may access the device 
in the operating room prior to development of 
postoperative swelling thereby preventing 
patient discomfort. 

 Advantages of an implanted port include 
decreased risk of infection, ease of blood sam-
pling when accessed for use, no restrictions on 
swimming or bathing and no required daily care 
when not accessed (O’Grady et al.  2002 ; Adler 
et al.  2006 ). A disadvantage, particularly in small 
children, is the requirement for needle access 
through the skin. A lidocaine-based topical anes-
thetic cream (or ethyl chloride “cold” spray) is 
frequently used prior to access to decrease the 
discomfort of needle insertion. While accessed, 
site assessment is necessary as dislodgment may 
occur due to the patient’s activity or use of an 
inappropriate length Huber needle, potentially 
leading to infi ltration or extravasation of infu-
sions. Implanted ports may stay accessed for 
long periods of time, but it is recommended to 
reaccess with a fresh needle every 7 days. 
Mechanical complications, although quite rare, 
include damage to the port reservoir, separation 
of the catheter from the reservoir and erosion of 
the reservoir through the skin (Schulmeister 
 2010 ).   

17.3    Catheter Insertion 

 Though rare, complications during insertion can 
arise and cause signifi cant morbidity and include 
pneumothorax, hemothorax, chylothorax, malpo-
sitioning, arterial puncture and failure to place. 
Factors associated with complications include 
physician inexperience, multiple insertion 
attempts, prior catheterizations, patient anatomy, 
prior surgery or radiation in the area and a high 
body mass index (Mansfi eld et al.  1994 ; Lefrant 
et al.  2002 ; Kusminsky  2007 ). An insertion fail-
ure rate of up to 43 % and complication rate up to 
24 % occurs with ≥3 insertion attempts leading 
to a recommendation of limiting each operator to 
a maximum of two unsuccessful attempts 
(Mansfi eld et al.  1994 ; Eisen et al.  2006 ). The 
defi nition of an “attempt” varies among studies 
ranging from one puncture to multiple punctures 
by one operator at one site making comparisons 
diffi cult (Eisen et al.  2006 ; Balls et al.  2010 ). 

 Several studies have been completed evaluat-
ing the advantage of using real-time ultrasound- 
guided assistance (UGA) rather than the 
anatomic landmark technique for placement of a 
CVC (Augoustides and Cheung  2009 ; Pittiruti 
et al.  2009 ; Balls et al.  2010 ). A meta-analysis 
by Randolph et al. ( 1996 ) concluded that this 
technique led to an improved insertion success 
rate and a decrease in complications in both 
internal jugular and subclavian vein insertions. 
McGee and Gould ( 2003 ) found that UGA is 
effective in catheterization of the internal jugular 
vein with a decreased incidence of mechanical 
complications and placement failure. However, 
they found no benefi t using this technique with 
subclavian vein insertions as the clavicle lies 
directly over the vessel, impeding visualization. 
In their studies, Mansfi eld et al. ( 1994 ) and 
Troianos et al. ( 2011 ) reached a similar conclu-
sion. A retrospective observational study by 
Balls et al. ( 2010 ) assessed 1,222 CVC place-
ment attempts concluding that the use of UGA 
did not improve the success of placement on the 
fi rst attempt but overall saw a reduced number of 
total attempts. Further study is required to 
 determine whether the routine use of UGA is 
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feasible due to the high cost of equipment, 
required personnel training and equipment main-
tenance (Randolph et al.  1996 ). 

 Catheter insertion in the subclavian vein car-
ries a higher risk of pneumothorax, malposition-
ing and failure to place compared to internal 
jugular insertion, while internal jugular cathe-
terization is associated with a higher incidence 
of arterial puncture and hematoma (McGee and 
Gould  2003 ; Eisen et al.  2006 ). Although the 
subclavian vein carries the greater risk of inser-
tion complications, it remains the preferred 
approach due to a lower rate of infection noted 
in some studies (McGee and Gould  2003 ). A 
prospective, observational study by Deshpande 
et al. ( 2005 ) found no difference in CVC infec-
tion rates for subclavian, internal jugular or 
femoral vein insertion sites in adult patients. 
The 2011 Centers for Disease Control (CDC) 
Guidelines for the Prevention of Intravascular 
Catheter- Related Infections declined to make a 
recommendation for the preferred CVC inser-
tion site leaving the issue unresolved (O’Grady 
et al.  2011 ). 

 Children with acute lymphoblastic leukemia 
(ALL) often present with neutropenia and 
thrombocytopenia theoretically putting them at 
increased risk for complications with CVC 
placement. However, two separate studies eval-
uating 172 and 98 children, respectively, found 
no increased rate of complication with early 
CVC placement in newly diagnosed ALL 
patients (Handrup et al.  2010 ; Gonzalez et al. 
 2012 ). Platelet thresholds for CVC placement 
are undefi ned (see Chap.   2    ). Handrup et al. 
( 2010 ) also concluded that the nonelective 
removal rate was similar between early and later 
placed CVCs. A retrospective analysis of 362 
patients with ALL assessed complication rates 
between timing of insertion (early, ≤day 15 of 
induction, vs. late, >day 15 of induction) and 
type of CVC (ports vs. external CVCs) and 
found that early placement was associated with 
an increased risk of a positive blood culture and 
external CVCs were associated with an 
increased risk of positive blood cultures, throm-
botic complications, and early removal (McLean 
et al.  2005 ). Due to the conflicting evidence, 

institutions providing initial care of newly diag-
nosed oncology patients must decide on the 
benefi t of CVC placement timing, with ongoing 
monitoring for early complications and of line 
care in this setting.  

17.4    Infection 

 Infection remains the major complication of an 
indwelling CVC, with bloodstream infection 
causing the most signifi cant risk of morbidity and 
mortality. Terms used to describe intravascular 
catheter-related infection are confusing with cen-
tral line-associated bloodstream infection 
(CLABSI) and catheter-related bloodstream 
infection (CRBSI) often used interchangeably. 
CLABSI is defi ned as an infection occurring in 
the patient with a CVC and not related to an 
infection at another site and is the term used by 
the CDC National Healthcare Safety Network 
(NHSN). CRBSI is a clinical defi nition requiring 
specifi c laboratory testing, quantitative blood 
cultures, differential time to positivity or culture 
of a segment of the removed catheter (O’Grady 
et al.  2011 ). Common organisms causing 
CLABSI include  Staphylococcus epidermis , 
 Staphylococcus aureus ,  Enterococcus faecalis , 
 Klebsiella pneumoniae ,  Pseudomonas aerugi-
nosa  and  Candida albicans . See Chaps.   1     and   14     
for prevention, recognition and treatment of sus-
pected infection or sepsis. 

 Most CVC-related infections are thought to 
occur by one of two methods: colonization at the 
exit site with pathogen migration along the exter-
nal catheter surface or hub contamination leading 
to intraluminal colonization with spread into the 
circulation (McGee and Gould  2003 ). Within 
hours of CVC placement, a protein-rich sheath 
begins developing, covering the external and 
internal surfaces of the catheter. The protein 
sheath allows adherence of microbes which then 
produce a slimy substance (biofi lm) becoming 
embedded in the matrix (Raad et al.  1993 ). 
Pathogens within a biofi lm behave differently 
with an increased rate of reproduction and a 
greater resistance to antimicrobial therapy (Raad 
et al.  1993 ; Donlan  2011 ). 
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 Antiseptic-impregnated catheters (AIC) coated 
with either chlorhexidine and silver sulfadiazine 
(CSS) or minocycline-rifampin (MR) have 
been studied in an effort to determine their 
effec tiveness in decreasing the rate of CLABSI. 
Randomized clinical trials have generally not 
shown these catheters to be benefi cial (McGee 
and Gould  2003 ). In a randomized clinical trial 
evaluating 232 catheters inserted in 180 criti-
cally ill hospitalized adult patients in use 
<10 days, there was no signifi cant difference in 
the rates of colonization between antiseptic- 
impregnated and non-impregnated catheters 
(Theaker et al.  2002 ). Separate meta-analyses 
reviewing randomized controlled trials com-
paring AICs and non-AICs with a median 
insertion duration of 7–12 days concluded the 
effi cacy of CSS catheters to be <2 weeks with 
MR catheters being effective somewhat longer 
(Mermel  2000 ; Walder et al.  2002 ). The results 
of numerous studies are diffi cult to compare 
with no type of catheter showing a defi nitive 
advantage. The CDC recommends that institu-
tions develop strategies to provide education of 
personnel who insert and maintain catheters, 
with use of maximal sterile barrier precautions 
(i.e., cap, mask, sterile gown, sterile gloves and 
a sterile full body drape for line insertion) and 
skin antisepsis with >0.5 % chlorhexidine with 
alcohol for insertion. The use of antimicrobial-
coated catheters is recommended at institu-
tions where implementation of these CDC 
strategies fails to decrease CLABSI rates 
(O’Grady et al.  2011 ). Maki et al. ( 2006 ) deter-
mined that institutions with a baseline CLABSI 
rate of >2 % would benefi t from use of AICs as 
this was the threshold at which AICs would 
decrease overall costs. 

17.4.1    Exit Site Infection 

 An exit site infection is characterized by the pres-
ence of erythema, tenderness, induration or 
drainage within 2 cm of the catheter exit site, 
without signs or symptoms of systemic infection 
(O’Grady et al.  2011 ). Culture of the site should 
be obtained. Though not evidence-based, gener-

ally Gram-positive infections may be treated with 
oral antibiotics, while broad- spectrum parenteral 
antibiotics are indicated for Gram-negative 
organisms and for children with neutropenia 
(Baggott et al.  2002 ). Once the organism is iden-
tifi ed, antibiotic therapy should be tailored to 
sensitivities. An exit site infection due to water-
borne organisms, such as  Pseudomonas  spp., or 
fungus generally requires catheter removal as 
these organisms are notoriously diffi cult to clear. 
Antibiotic ointment alone should not be used at 
the exit site as this signifi cantly increases the risk 
of  Candida  spp. infection and promotes antibi-
otic resistance (Zakrzewska-Bode et al.  1995 ; 
O’Grady et al.  2011 ).  

17.4.2    Tunnel Infection 

 A tunnel infection is defi ned as tenderness, ery-
thema, drainage or site induration >2 cm from 
the catheter exit site along the subcutaneous 
tract in the absence of concomitant CLABSI 
(O’Grady et al.  2011 ). Blood cultures from the 
CVC and skin cultures should be obtained. 
Catheter removal is indicated and parenteral 
antibiotics tailored to sensitivities of the cul-
tured organism are given for 7–10 days (Mermel 
et al.  2009 ). A PICC may be placed to complete 
the  recommended course of antibiotics.  

17.4.3    Pocket Infection 

 A pocket infection involves erythema, tender-
ness and swelling over the site of an implanted 
port with purulent fl uid noted in the subcutane-
ous tissue. Drainage or necrosis of the overlying 
skin may be present (O’Grady et al.  2011 ). 
Drainage should be obtained and cultured. 
Removal of the port is indicated with debride-
ment, if necessary. A course of parenteral antibi-
otics is essential with medication tailored to the 
sensitivity of the infecting organism (O’Grady 
et al.  2002 ). Prior to insertion of another CVC, 
the wound should be healed, the course of anti-
biotics completed and the child should have 
defervesced. Consideration may be given to 
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placement of a PICC should a CVC be needed 
to complete therapy.  

17.4.4    Prevention of Infection 

 A CVC bundle is a set of evidence-based care 
practices implemented to decrease the risk of 
infection due to the presence of a CVC. Components 
include hand hygiene, selection of the optimal 
insertion site, use of maximal barrier technique, 
chlorhexidine skin antisepsis and prompt removal 
of the catheter when it is no longer needed 
(O’Grady et al.  2011 ). Development of institu-
tional guidelines and ongoing staff education are 
essential in decreasing infection rates (O’Grady 
et al.  2011 ). Each institution’s infection control 
department is instrumental in tracking rates of 
CLABSI. Cooperation with the hematology/
oncology service is imperative for ongoing evalu-
ation with changes to institutional practices as 
indicated. A local expert on CVC care and man-
agement and infection control will enhance educa-
tion, monitor adherence to policy, follow rates of 
infection and evaluate the current literature 
(Teichgraber et al.  2011 ). Placement of the institu-
tion’s hand hygiene guidelines in patient care areas 
is a great reminder for practitioners, patients and 
family members. Further discussion of prevention 
of CVC line infection is detailed in Chap.   14    .   

17.5    Occlusions 

 A functioning CVC is a catheter that fl ushes 
easily, infuses without diffi culty and has brisk 
blood return (Baskin et al.  2009 ). Occlusion is 

the most common noninfectious complication 
of CVCs with an occurrence rate of 25 % and 
resulting in delays in the administration of che-
motherapy and supportive care (Stephens et al. 
 1995 ). Rapid assessment is needed to determine 
both the cause of the obstruction and the appro-
priate interventions. Causes of CVC occlusion 
include mechanical complications, drug precip-
itate or lipid residue and thrombosis. Each of 
these problems can result in either partial or 
complete obstruction of the catheter. A partial 
occlusion allows for fl uid infusion but either a 
sluggish or complete inability to withdraw 
blood (ball-valve effect). A complete occlusion 
allows neither fl uid infusion nor blood with-
drawal. An unusual problem may occur with 
implanted ports allowing blood withdrawal but 
not fl uid administration due to a thrombus inside 
the reservoir at the outlet port (a reverse ball-
valve effect). 

17.5.1    Mechanical Occlusion 

 The cause of a mechanical obstruction may be 
as simple as a closed clamp, a kink in the exter-
nal portion of the line or an exit site suture that 
is too tight, all of which are easily corrected 
after careful inspection and manipulation. An 
improperly inserted Huber needle is corrected 
by re-accessing the implanted port. A “pinch-
off” syndrome (Fig.  17.1 ) can occur with cath-
eter compression between the clavicle and fi rst 
rib at a reported 1 % incidence rate. This com-
plication is associated with insertion into the 
subclavian vein via an infraclavicular approach 
(Fazeny-Dorner et al.  2003 ; Baskin et al.  2009 ). 

Superior
vena
cava

pinch-off area

catheter

first rib
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a b

central
venous

catheter

subclavian
vein central
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  Fig. 17.1    Pinch-off syndrome (with permission from Baskin et al. [ 2009 ])       

 

C. Goes

http://dx.doi.org/10.1007/978-3-662-44317-0_14


291

Rolling the shoulder forward or raising the arm 
on the opposite side may allow blood with-
drawal. Over time, compression may lead to 
fracture of the catheter. A chest  radiograph or 
fl uoroscopic examination aids in diagnosis with 
immediate removal indicated if confi rmed. A 
rare but life-threatening complication is frag-
mentation of a distal portion of the catheter with 
migration to the heart or pulmonary artery. 
Symptoms include shoulder and chest pain, pal-
pitations and arrhythmias (Nace and Ingle 
 1993 ). Patients may be asymptomatic except for 
pain with attempted infusion (Dillon and Foglia 
 2006 ). Retrieval of the embolized catheter is 
generally accomplished by interventional radi-
ology or cardiology using loop snares, baskets 
or guide wires (Sagar and Lederer  2004 ).

17.5.2         Drug Precipitate or Lipid 
Residue Occlusion 

 An intraluminal occlusion may result from pre-
cipitation of incompatible medications or lipid 
residue. Review of the patient’s medications and 
parenteral nutrition formula may assist in evalu-
ating the cause of occlusion. Precipitation result-
ing from calcium phosphate crystals or 
medications with a low pH may be cleared with 
0.1 % hydrochloric acid (Baskin et al.  2009 ). 
However, many institutions refrain from this 
practice due to concern of catheter wall damage. 
Precipitations caused by high pH medications 
have been cleared by the use of sodium bicarbon-
ate or sodium hydroxide (Baskin et al.  2009 ).  

17.5.3    Thrombotic Occlusion 

 Fibrin begins forming on the external catheter 
wall within 24 h of insertion, starting at either the 
catheter entrance site into the vessel or where 
infused fl uid comes into contact with the vessel 
wall. Blood cells adhere to the fi brin potentially 
interfering with blood fl ow and promoting bacte-
rial growth. A variety of thrombotic occlusions 
are reported including fi brin sheath, mural throm-
bus and intraluminal thrombus (Fig.  17.2 ). Risk 
factors include prior catheterization of the same 
vessel, diffi culty with insertion, poor tip place-
ment, high catheter to vessel size ratio, subopti-
mal catheter care, underlying malignancy and 
type of chemotherapy (Kuter  2004 ). A fi brin 
sheath develops on the external catheter wall cov-
ering the catheter tip and resulting in withdrawal 
occlusion (Baskin et al.  2009 ). The sheath may 
extend up the entire length of the catheter with 
infused fl uid traveling a path upward between the 
fi brin sheath and the catheter. Extravasation of 
medications and fl uids is possible if the thrombus 
extends up to the site where the catheter enters 
the vessel (Mayo  1998 ). An intraluminal occlu-
sion develops as a result of the buildup of fi brin 
and blood products with development of either a 
partial or complete occlusion. The incidence is 
decreased with strict adherence to institutional 
fl ush guidelines (Baskin et al.  2009 ). A mural 
thrombus forms as fi brin on the vessel wall 
attaches to fi brin covering the catheter. A with-
drawal occlusion develops, but more signifi cantly 
a mural thrombus may lead to venous thrombosis 
(Baskin et al.  2009 ). 
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  Fig. 17.2    Pictorial representation of central catheter occlusion and thrombosis (with permission from Baskin et al. [ 2009 ])       
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 A suspected CVC-related thrombus may be 
evaluated by a radiographic study such as a dye 
study, computed tomography (CT) or ultrasound 
with Doppler fl ow (Fig.  17.3 ). However, com-
mon initial practice for treatment of a suspected 
thrombotic occlusion is instillation of a thrombo-
lytic, most commonly tissue plasminogen activa-
tor (tPA) (Baskin et al.  2009 ). tPA converts 
plasmi nogen to plasmin resulting in local fi brino-
lysis (Fig.  17.4 ). tPA is simple and safe to use as 
well as being cost-effective. Our local institu-

tional protocol for administration of tPA for 
dwell and infusion is summarized in Table  17.3 .      

17.6     Central Venous Catheter- 
Related Deep Vein 
Thrombosis 

 A catheter-related thrombus (CRT) is generally 
the result of a mural thrombus that has enlarged, 
leading to complete occlusion of the vein. Kuter 

  Fig. 17.3    Assessment of 
catheter occlusion (with 
permission from Baskin et al. 
[ 2009 ]).  DVT  deep venous 
thrombosis,  CT  computed 
tomography,  MRI  magnetic 
resonance imaging,  MRA  
magnetic resonance 
arteriography       
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( 2004 ) reported an incidence of 5–41 % with dif-
ferences related to a wide variety of catheter 
types, tip position, duration of insertion and 
underlying disease. Male et al. ( 2002 ) found a 
thrombosis rate of 29 % in a study of 66 children 
with ALL and a tunneled CVC. Clinical signs of 
a CRT include jaw, neck, chest, or shoulder pain, 
warmth, swelling, or development of visible col-
lateral circulation. The majority of CRTs (up to 
71 %) are asymptomatic, being diagnosed by 
imaging obtained to determine the cause of 
obstruction or with the occurrence of a pulmo-
nary embolism (Kuter  2004 ). 

17.6.1     Evaluation of Catheter- 
Related Thrombosis 

 Although the reference standard for the diagnosis 
of a CRT is contrast venography, compression 
ultrasound (CUS) with Doppler and color imag-
ing is frequently used as CUS is noninvasive and 
does not require contrast medium (Rooden et al. 
 2005 ). In the patient with a negative CUS but a 
high clinical suspicion of a CRT, contrast 
venography is indicated (Rooden et al.  2005 ). 
Evaluation of the etiology of the CRT (in addi-
tion to the presence of a CVC) may guide treat-
ment and prevention. A detailed family history of 
thrombosis will assist in determining the need for 
an evaluation for thrombophilia (see Chap.   8     for 
more detail). Other risk factors to consider are 
immobility, dehydration and administration of 
medications with thrombotic risk, particularly 
steroids and asparaginase (Table  17.4 ).

17.6.2        Treatment of Catheter- Related 
Thrombosis 

 Treatment of CRT is discussed in detail in Chap. 
  8     and is based on the 2012 American College of 
Chest Physicians (ACCP) guidelines with the fol-
lowing principles (Monagle et al.  2012 ):
•    Anticoagulation therapy for 3 months 

 following a fi rst CRT.  
•   Continued anticoagulation with prophylactic 

dosing until removal of the CVC.  
•   For recurrent thrombosis during prophylaxis, 

increase to therapeutic dosing until line 
removal (but for a minimum of 3 months).  

•   A CVC that is no longer functional or required 
should be removed; a minimum of 3–5 days of 
anticoagulation at therapeutic dosing should 
be given prior to removal.    
 If a replacement CVC is medically indicated, 

consideration should be given to prophylactic 
anticoagulation to prevent recurrence of a throm-
bus. Low-molecular-weight heparin (LMWH) is 
an excellent anticoagulant for use in pediatrics 
due to predictable dosing (based on weight), lim-
ited need for blood level monitoring and short 
half-life. The updated 2012 ACCP guidelines 
recommend no routine monitoring of LMWH 
levels (Monagle et al.  2012 ). However, infants 
who are gaining weight and children with renal 
insuffi ciency do require monitoring to ensure 
appropriate levels. LMWH levels should be 
drawn 4 h after a dose (peak level) with a thera-
peutic target of 0.5–1 unit/mL. At least two to 
three doses should be given to reach steady state 
prior to obtaining a peak level.  

  Fig. 17.4    Mechanism of action for tissue plasminogen activator (tPA) (with permission from Baskin et al. [ 2009 ])       
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   Table 17.4    Proposed risk factors for central venous catheter (CVC)-related thrombotic occlusions   

 Change in normal blood fl ow  Vascular endothelial damage  Hypercoagulable state 
 Immobility  Traumatic insertion  Malignancy 
 Large catheter to vessel ratio  Multiple insertion attempts  Sepsis 
 Dehydration  Catheter tip malposition  Chemotherapy 
 Compression of vessel by tumor  CVC placement time >14 days  Thrombophilia 
 Left-sided insertion 

    Table 17.3    tPA dwell administration guidelines   

  General instructions  
 •  Reconstitute tPA with 2.2 mL sterile water for injection (not bacteriostatic water) yielding a concentration of 1 mg/mL 
 •  A 10 mL syringe is used for all dose administrations 
 •  Instill one dose into each lumen of the catheter and allow to dwell for 30–120 min (optimal effi cacy is achieved 

with a 120 min uninterrupted dwell time) 
 •  A second dose is indicated if unable to obtain a brisk blood return after the initial treatment and dwell time 
  Broviac catheters  
 •  Children <10 kg: dilute 0.5 mL tPA with 0.5 mL 0.9 % NaCl; instill 1 mL (0.5 mg) for each lumen 
 •  Children ≥10 to <30 kg: 1 mL (1 mg) tPA for each lumen 
 •  Children ≥30 kg: 2 mg (2 mL) tPA for each lumen 
  Implanted ports  
 •  Children <10 kg: draw up 2.5 mL of 0.9 % NaCl into a 10 mL syringe and mix with 0.5 mL (0.5 mg) reconstituted 

tPA; total volume is 3 mL (0.5 mg) tPA 
 •  Children ≥10 kg: draw up 1 mL 0.9 % NaCl into a 10 mL syringe and mix with 2 mL (2 mg) reconstituted tPA; 

total volume is 3 mL (2 mg) tPA 
  Completely occluded CVC  
 •  Remove cap, cleanse hub per institutional policy and attach a 3-way stopcock to the catheter 
 •  Attach tPA syringe to one of the stopcock ports 
 •  Attach a 10 mL syringe to the remaining port 
 •  Turn the stopcock off to the tPA syringe 
 •  Gently pull back the plunger of the 10 mL syringe to the 3–5 mL mark and clamp the catheter to maintain negative 

pressure 
 •  Turn the stopcock off to the 10 mL syringe 
 •  Unclamp the catheter and allow tPA to be drawn into the line 
 •  Clamp catheter, remove stopcock, apply positive pressure cap and allow tPA to dwell for 120 min 
 •  May repeat a second dose of alteplase if needed 
  tPA (alteplase) infusion  
 If the CVC occlusion is not cleared after a second tPA dwell, a tPA infusion (6–24 h) may be indicated based on 
radiographic fi ndings 
 Alteplase 0.03–0.06 mg/kg/h for 6–24 h 
 •  Initial infusion 0.03 mg/kg/h for 6 h; if no clinical improvement (working line) may sequentially increase dose to 

0.06 mg/kg/h (max 2 mg/h) 
 •  Do not exceed 48–72 h of infusion 
 •  Monitor patient for signs of sepsis as bacteria may be released into the bloodstream with dissolution of the thrombus 
 •   Monitor labs including: PT, aPTT, fi brinogen, plasminogen, D-dimers, platelets; replete plasminogen with FFP for 

concentrations <50 % 
 •  Repeat radiographic study to assess for improvement in dissolution of thrombus every 24 h 
 •  Remove the catheter if the thrombus is not cleared after 48–72 h of tPA infusion (based on radiographic fi ndings 

and functional improvement) 

    tPA  tissue plasminogen activator,  PT  prothrombin time,  aPTT  activated partial thromboplastin time,  FFP  fresh frozen 
plasma  
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17.6.3     Special Considerations During 
Anticoagulation Therapy 

•     LMWH should be held for 24 h prior to and 
12 h after a lumbar puncture.

• LMWH should be held for 24 h prior to and 
24 h after a minor surgical procedure.  

•   LMWH should be held during periods of 
thrombocytopenia (i.e., platelets <50×10 9 /L).     

17.6.4     Contraindications 
of Anticoagulant Therapy 

•     Intracranial hemorrhage  
•   Ongoing hemorrhage  
•   Uncorrected coagulopathy  
•   Hypersensitivity to heparin or pork products  
•   Poor renal function (i.e., creatinine clearance 

< 30 mL/min)      

17.7    Catheter Maintenance 

 Catheter maintenance refers to all activities 
 undertaken to keep the line functioning properly 
while decreasing the risk of infection. CVC inser-
tion bundles have dramatically reduced infectious 
complications related to surgical placement. 
Development of a maintenance bundle with institu-
tional policies on hand hygiene, site cleansing, 
dressings, line fl ushing, hub care and line stabiliza-
tion enhance catheter longevity and decrease mor-
bidity (O’Grady et al.  2011 ).   Hand hygiene, an 
inexpensive and easily implemented strategy, is the 
most effective measure in decreasing healthcare-
associated infections (see Chap.   14    ) (Kline  2005 ). 

17.7.1    Skin Antisepsis 

 Chlorhexidine has been shown to be a superior 
cleansing agent prior to CVC placement and for 
skin antisepsis with routine dressing changes. 
Chaiyakunapruk et al. ( 2002 ) reviewed 8 ran-
domized controlled trials, totaling 4,143 cathe-
ters, comparing effi cacy of chlorhexidine 

gluconate with povidone-iodine for skin disinfec-
tion. Results revealed a signifi cant reduction in 
bloodstream infection with chlorhexidine.  

17.7.2     Central Venous Catheter 
Dressings 

 CVC dressings serve a dual purpose: prevention 
of infection and stabilization of the line to 
decrease accidental removal. Semipermeable 
transparent and sterile gauze with tape are the 
two most commonly used types of dressings. 
The transparent dressing allows for evaporation 
of moisture and direct visualization of the site. 
Dressing changes are required every 5–7 days or 
more frequently as needed if the dressing 
becomes loose, wet, or soiled, which may 
decrease skin irritation and breakdown. A sterile 
gauze and tape dressing is recommended when 
there is bleeding or drainage at the site and for 
patients who are diaphoretic, requiring changes 
every 1–2 days. The literature has shown no dif-
ference in CLABSI rates between semiperme-
able transparent and sterile gauze and tape 
dressings (Mermel  2000 ; Gillies et al.  2003 ; 
O’Grady et al.  2011 ). The choice of dressing 
may be left to institutional guidelines or patient 
preference. Chlorhexidine has been shown to be 
the superior choice for skin antisepsis prior to 
CVC insertion (O’Grady et al.  2011 ). In the past 
decade several studies were undertaken to 
determine the effectiveness of a chlorhexidine-
impregnated dressing (BIOPATCH, Johnson & 
Johnson, Somerville, NJ) in reducing rates of 
CLABSI. Findings revealed that although colo-
nization was decreased there was no difference 
in the rate of CLABSI between semipermeable 
transparent dressings and BIOPATCH (Levy 
et al.  2005 ; Hatler et al.  2009 ).  

17.7.3    Hub Care 

 Needleless connectors were introduced 20 years 
ago in an effort to decrease the incidence of 
needlestick injuries among healthcare workers. 
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Since then, emphasis has been placed on devel-
oping connectors that lessen the risk of 
CLABSI. Currently, several types of connectors 
are available, each with unique recommenda-
tions for fl ushing, locking and clamping the 
catheter. Strategies to decrease occlusion and 
CLABSI related to the use of needleless connec-
tors include use of a single product within the 
institution, education on proper use including 
disinfection prior to access, and adherence to 
institutional policy for fl ushing and clamping. 

 Catheter hub colonization and contamination 
is a signifi cant cause of CLABSI (Sannoh et al. 
 2010 ). In an observational study by Soothill et al. 
( 2009 ), a change in catheter hub cleansing agent 
to 2 % chlorhexidine in 70 % isopropyl alcohol 
 signifi cantly decreased the rate of bloodstream 
infections in pediatric patients undergoing 
 hematopoietic stem cell transplant. CDC guide-
lines recommend scrubbing the hub with friction 
for 15 s using 70 % isopropyl alcohol or 
2 % chlorhexidine in 70 % isopropyl alcohol 
(O’Grady et al.  2011 ).  

17.7.4     Central Venous Catheter 
Flushing and Locking 

 CVC fl ushing with normal saline is instrumental 
in assessing catheter patency and clearing the 
catheter after medication administration (prevent-
ing precipitation from incompatible drugs), blood 
sampling and blood transfusions. Locking a cath-
eter, typically with heparinized saline,  prevents 
refl ux of blood into the catheter. However, wide 
variation exits in the frequency, concentration and 
volume of heparin utilized, with the majority of 
data from adult patients (Stephens et al.  1997 ; 
Hadaway  2006 ; Cesaro et al.  2009 ). Following 
institutional guidelines with ongoing assessment 
of effi cacy and intermittent review of the litera-
ture will aid in decisions to change clinical prac-
tice. Examples of guidelines are in Tables  17.5  
and  17.6 .

    Healthcare providers need to be cognizant of 
rare but potentially signifi cant complications 
related to heparin locking solutions, specifi cally 
heparin-induced thrombocytopenia, heparin- 

induced thrombosis and bleeding. The cost and 
risk of replacing an occluded catheter outweigh 
the potential risks of heparin locks. A safe prac-
tice is strict adherence to institutional policy, 
awareness of potential complications and devel-
opment of local expert resources.  

17.7.5     New Strategies to Prevent 
Central Line-Associated Blood 
Stream Infection (CLABSI) 

17.7.5.1    Chlorhexidine Bathing 
 Chlorhexidine has been shown to be effective in 
decreasing cutaneous colonization and is the rec-
ommended skin antiseptic prior to CVC insertion 
(O’Grady et al.  2002 ). Researchers are now 
investigating the effect of daily chlorhexidine 
bathing of pediatric oncology patients. Initial 
studies have demonstrated a signifi cant decrease 
in CLABSI rates (Munoz-Price et al.  2009 ; 
Popovich et al.  2009 ; Montecalvo et al.  2012 ). A 
meta-analysis by O’Horo et al. ( 2012 ) concluded 
that the CLABSI rate is decreased in medical 
intensive care units with daily chlorhexidine 
bathing, whether 2 % chlorhexidine-impregnated 
cloths (Sage® products) or a 1:2 dilution of 4 % 
chlorhexidine was used. A current two-armed, 
randomized, double-blind study through the 
Children’s Oncology Group is assessing the effi -
cacy of 2 % chlorhexidine gluconate bathing in 
prevention of CLABSI in children with cancer 
and in those undergoing hematopoietic stem cell 
transplantation.  

  Table 17.5    Heparin lock guidelines   

 Device  Heparin strength, volume and frequency 

 PICC  2 F: 1 mL heparinized saline (10 U/mL) 
every 6 h 
 2.6 F and larger: 2–3 mL heparinized saline 
(10 U/mL) every 12 h 

 Tunneled 
catheter 

 2 mL heparinized saline (10 U/mL) 
every 24 h 

 Implanted 
port 

 If locked >1 time daily: 5 mL heparinized 
saline (10 U/mL) 
 Daily to monthly fl ush: 5 mL heparinized 
saline (100 U/mL) 

   PICC  peripherally inserted central catheter,  F  French  
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  Table 17.6    Example of central venous catheter (CVC) maintenance bundle   

  Care practice    Bundle recommendations  
 Hand hygiene  Hand hygiene performed before and after CVC insertion, care, and catheter entry or 

after contact with any inanimate object; use clean gloves for all CVC access as 
needed; glove use does not preclude use of hand hygiene 

 Surface disinfection  Clean work surfaces with germicidal wipe prior to CVC care 
 Use of maintenance 
kits/CVC cart 

 Procedure kits/carts containing supplies help to ensure all required supplies are 
available at the time of the procedure, including those required for insertion, dressing 
change and CVC removal 

  Insertion    Bundle recommendations  
 Hand hygiene  Hand hygiene is followed by waterless surgical scrub application 
 Maximal sterile barrier 
precautions 

 Patient is covered from head to toe with sterile drapes; mask, cap, sterile gown and 
sterile gloves during insertion procedure; all staff (including the assistant and family 
members) to wear regular face mask and cap when within 3 ft of sterile fi eld 

 Skin antisepsis  Skin disinfected with chlorhexidine gluconate; apply back and forth friction scrub 
for 30 s and allow to dry completely for 30 s (2 min scrub for wet sites, such as the 
groin); site must be dry before skin puncture 

 Universal protocol utilized  Staff observers are skilled in monitoring elements of sterile technique; staff 
empowered to stop non-emergent procedure if sterile technique not followed 

  Assessment    Bundle recommendations  
 Ongoing assessment of 
catheter site 

 Inspect catheter site for cleanliness and dressing integrity; assess CVC site for 
complications hourly when infusing solutions and every 4 h when locked 

 Daily assessment of need for 
CVC 

 Discuss ongoing need for CVCs daily with medical team during rounds; assess 
patient for appropriateness of their vascular access device based on infusates/length 
of therapy and available vessels; promptly remove unnecessary CVCs 

  Catheter site care/management    Bundle recommendations  
 Skin antisepsis  Use clean gloves for all CVC access; maintain clean disposable towel or 4 × 4 gauze 

under CVC access port before accessing; skin disinfected with chlorhexidine 
gluconate; apply back and forth friction scrub for 30 s and allow to dry for 30 s 
(2 min scrub for wet sites, such as the groin) 

 CVC dressing assessment and 
change 

 Routine dressing changes performed by clinicians with demonstrated competency; 
use of catheter securement device with PICC dressing changes; mask and sterile 
gloves for dressing changes; dressing change frequency: transparent dressing, every 
7 days and as needed for soiled dressing or loss of integrity; gauze and non-
occlusive dressing, every 48 h and as needed 

 Antisepsis of needleless 
connectors, IV junctions and 
catheter hub 

 Vigorously scrub needleless connectors, IV junctions and hub (diaphragm and 
sides) prior to accessing with an alcohol swab using friction for a minimum of 15 s 

  CRBSI criteria    Bundle recommendations  
 Blood culture sampling  Consider DTP protocol when drawing blood cultures with signifi cant time 

differential of CVC culture versus peripheral culture positivity of >2 h; generally 
peripheral blood cultures are not drawn on oncology patients who have central lines 
(see Chap.   1    ) 

  Administrative    Bundle recommendations  
 Education  Education of clinicians responsible for managing CVCs to include: care and 

maintenance strategies, identifi cation and management of complications 
 Routine surveillance of CVCs  Collect and benchmark outcome data with the National Healthcare Safety Network 

   PICC  peripherally inserted central catheter,  IV  intravenous,  CRBSI  catheter-related bloodstream infection, 
 DTP  differential time to positivity 
 Adapted from Mermel ( 2000 ), Marschall et al. ( 2008 ), Horan et al. ( 2011 )  
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17.7.5.2    Antiseptic Needleless 
Connectors and Antiseptic 
Port Barrier Caps 

 Contamination of the CVC hub is the main 
source of CLABSI 10 days after insertion. 
Novel products are now available to decrease 
the incidence of this complication. Three such 
devices are currently marketed.  V-link with 
VitaShield  protective coating (Baxter) is a 
needleless connector with an antimicrobial 
coating (silver) on the interior and exterior sur-
face.  Curos®  port protector is a barrier cap with 
a sponge saturated with 70 % isopropyl alcohol 
(IPA). Disinfection occurs 3 min after being 
threaded onto the connector. The cap may be 
left in place up to 7 days protecting the connec-
tor from airborne and contact contamination. 
Caps should be placed on all needleless injec-
tion sites and changed after each access. 
 Saralex-CL  (Menyhay) is an antimicrobial bar-
rier cap that threads onto the needless connector 
bathing the connector in 2 % chlorhexidine glu-
conate in 70 % IPA. Disinfection occurs in 
5 min and may be left in place up to 96 h. The 
cap protects the connector from airborne and 
contact contamination. A new cap is applied 
after each access. 

 A prospective simulation study by Menyhay 
and Maki ( 2006 ) evaluated the effi cacy of cleans-
ing a CVC hub with 70 % alcohol compared to 
the use of a Saralex barrier cap. One hundred 
fi ve needleless connectors from three manufac-
turers were tested. The septum of each device 
was contaminated with  Enterococcus faecalis  
and allowed to dry for 24 h. A control group of 
15 connectors were not disinfected, 30 were 
cleansed with a 70 % alcohol swab and 60 had a 
Saralex barrier cap applied and removed after 
10 min. Nutrient broth was injected through each 
connector, collected and cultured. Cultures from 
all control connectors were positive. Twenty 
connectors (67 %) with conventional disinfec-
tion with 70 % alcohol were culture positive, 
whereas only 1 (1.6 %) of the connectors disin-
fected with use of the Saralex cap was culture 
positive. Further study through randomized trials 
is needed to determine if practice changes are 
indicated.

17.8         Summary 

 CVCs are a central component in the care of 
pediatric oncology patients and allow for safe 
and effective administration of chemotherapeutic 
agents in addition to antibiotics, blood products, 
parenteral nutrition and multiple additional medi-
cations. Blood can be easily drawn from exter-
nally tunneled CVCs and in accessed implanted 
ports. Infection and thrombosis are the most 
common risk factors with CVC placement, and 
practitioners must be aware of the clinical signs 
and symptoms associated with these complica-
tions, methods to prevent these side effects, and 
treatment of these problems. Generally, practice 
and management are based on consensus guide-
lines and expert opinion as robust evidence is 
lacking, especially in pediatric patients.     
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