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Right Post-Insertion  
Management in Pediatrics

Amanda Ullman and Tricia Kleidon

Abstract
Maintaining function throughout the VADs 
therapeutic dwell requires the use of effective 
post-insertion care strategies. Some aspects 
of post-insertion VAD management can be 
appropriately generalized from adult litera-
ture, and this has already been summarized in 
Chaps. 10–12. This includes the importance 
of regular assessment of the entire VAD and 
patients, including the administration set, for 
signs of complications and device malfunc-
tion. Also, previously summarized in Chaps. 
2 and 10 is the use of bundles of care, to 
ensure the practical application of high-qual-
ity evidence to the bedside. These bundles 
are of great importance during the post-inser-
tion phase, when considering the use of skin 
antisepsis, dressings, securement, and 
patency procedures. However, the focus of 
this chapter is on elements of post-insertion 

care that are specific to the pediatric popula-
tion and their VAD.
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16.1  Introduction

As with vascular access devices (VADs) in other 
populations, insertion day is only the beginning of 
the pediatric vascular access journey. Reliability 
in pediatric VAD is of upmost importance. Infants 
and children need to be able to receive their vas-
cular access-dependent treatments as prescribed. 
However, a recent meta- analysis demonstrated 
that after successful insertion, 25% of pediatric 
central venous access devices (CVAD) fail prior 
to completion of treatment due to complications 
including bloodstream infection, local site infec-
tion, phlebitis, thrombosis, dislodgement, and 
fracture (Ullman et al. 2015c). Single studies have 
reported pediatric peripheral VAD failure rates of 
between 25 and 35%, most commonly from infil-
tration, phlebitis, occlusion, and extravasation 
(Malyon et al. 2014; Rozsa et al. 2015).
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16.2  Pediatric Skin Health, 
Antisepsis, Dressing, 
and Securement

16.2.1  Pediatric Skin Health

The skin is the largest organ in the body. Among 
other functions, the skin plays an important role 
in the prevention of infection, providing a bar-
rier to environmental pathogens. Impaired skin 
integrity is common in pediatrics due to age-
related skin pathologies and the sequelae of 
pediatric conditions. As described in Chap. 13, 
premature neonatal skin can be extremely frag-
ile, with less developed epidermal layers. 
Inflammatory skin conditions, such as eczema 
and other forms of dermatitis, are common dur-
ing childhood. Health conditions that com-
monly present during childhood, such as cystic 
fibrosis (CF) and acute lymphoblastic leukemia 
(ALL), involve treatment with medications that 
result in altered skin conditions and altered 
wound healing.

Children with these complex health condi-
tions rely on the administration of vital medical 
treatment via their VAD despite loss of skin 
integrity. Their underlying impaired skin, cou-
pled with the application and removal of adhesive 
and antiseptic products, results in skin complica-

tions surrounding their VAD. Skin complications 
that present around pediatric VAD include irritant 
and allergic contact dermatitis, skin tears and 
blistering, pressure injuries, maceration, and 
local site infections (Broadhurst et al. 2017) (see 
Fig. 16.1).

The promotion of pediatric skin health sur-
rounding VAD plays an important role in main-
taining VAD function. This can be achieved 
through the systematic monitoring, prevention, 
and treatment of VAD-associated skin complica-
tions. VAD assessment must include contempo-
raneous documentation of skin health progression 
within the patients’ medical records, including 
photos. As presented in Chap. 9: Securement, the 
prevention of many VAD-associated skin compli-
cations is possible with the use of skin barrier 
films and the correct application of antisepsis, 
dressing, and securement products. The treat-
ment of skin complications depends upon the 
diagnosis and severity. Broadhurst et  al. (2017) 
published a consensus and evidence-based algo-
rithm regarding CVAD-associated skin impair-
ment (CASI) relevant to pediatrics. Shown in 
Fig. 16.2, the CASI algorithm provides direction 
surrounding the identification and treatment of 
exit site infection, skin injury (stripping, skin 
tear), skin irritation/contact dermatitis, and non- 
infectious weeping.

Contact Dermatitis Local Infection

Fig. 16.1 Example of skin complications surrounding pediatric central VADs (used with permission A. Ullman and 
T. Kleidon)
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16.2.2  Skin Antisepsis

As described in the previous section, neonatal and 
pediatric skin have fundamental differences com-
pared to matured skin. Chlorhexidine gluconate 
(CHG; ≥0.5%) in alcohol is demonstrated as 
being superior to other decontaminants at reduc-
ing microbial contamination of VAD insertion 
sites and thereby preventing VAD-associated 
infections (Mimoz et  al. 2015). However, there 
are complexities when applying these recommen-
dations to the neonatal and pediatric population. 
The US Federal Drug Administration (FDA) and 
clinical guidelines do not recommend, or recom-
mend caution, when using CHG for infants less 
than 2 months of age (Federal Drug Administration 
n.d.; O’Grady et al. 2011). This is due to concerns 
regarding CHG absorption and skin irritation. 
Additionally, skin irritation, including contact 
dermatitis, has also been frequently reported 

when using alcohol-based solutions in the neona-
tal and young infant population. For neonates, 
young infants and children with impaired skin 
integrity, the use of povidone iodine, water-based 
solutions, or other decontaminants should be con-
sidered. The risk-to-benefit ratio of using CHG 
and alcohol needs to be considered by clinicians. 
No matter which skin antiseptic agent is used, it is 
important that the agent is allowed to dry fully 
prior to dressing application. Wet decontaminants 
under VAD dressings frequently result in skin irri-
tation and injury.

16.2.3  Dressing and Securement

As with the dressing and securement of VADs in 
other populations, the dressing and securement of 
pediatric VADs has multiple functions to pro-
mote device patency and prevent complication. 
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CVAD– Associated Skin Impairment (CASI) Algorithm

EXIT SITE INFECTION
Redness, induration (hard), 
and/or tenderness within 

possibly with other signs and 
symptoms of infection, such 
as fever or purulent drainage 
at exit site, concomitant 

WEEPING/OOZING
(Non-infectious)

Assess color, consistency, 
odor, amount and location 
of exudate

SKIN IRRITATION/CONTACT DERMATITIS
Skin color change (red, dark, shiny, dull) persisting 30 min. after dressing change (often mimics shape 
of dressing) and/or burning, itchy skin and/or lesions (macules, papules, vesicles, bullae)

SKIN INJURY
•  Stripping: Shallow 

irregular lesions; shiny skin

•  Tears: Partial or full 
thickness tension blisters

If Exit Site Infection 

•  Culture site and draw 

•  Collaborate with practitioner; 
may need to remove catheter

•  Topical antimicrobial agent † 
(based on culture results) 
or consider non-CHG 

•  If there is no resolution 
with topical therapy or 
it is accompanied by 
purulent drainage, start 

•  Consider cauterizing exuberant 
granulation tissue at site of 
long-term CVAD

† 

•  

•  Assess irritated skin every 24 hrs; monitor for signs and symptoms of infection

 -  If no improvement to sites with suspected contact dermatitis, consider short-term use of topical corticosteroid  
(do not apply directly on exit site)

• If no improvement within 3–7 days, consult wound/skin specialist

•  

•  Identify patients at risk and take precautions with site care (e.g., malnutrition, dehydration, elderly/neonates, 

including long-term corticosteroid use, anticoagulants])

Dressing Usage Guide for CVAD Skin Impairment Management

Dressing*
Skin Injury

(e.g., tear/blister)
Skin 

Irritation
Drainage Able to 

see site

•  
to dressing (let dry before applying dressing)

•  If skin damage/drainage is away from the exit 
site, isolate wound and exudate from exit site: 
apply absorbent dressing over area of injury 
and transparent dressing over exit site and 
prepped skin.

•   

*  Stabilize catheter with securement  
device/dressing

**  Does not provide a microbial barrier

***  Assess manufacturer’s contraindications.
Recommend consult wound/skin specialist 
and/or physician.

Low Med High
Non-adherent non-woven gauze **  
(if skin intact or topical agent applied)

• •

• Yes

Absorbent clear acrylic • • • • • Yes

Hydrocolloid (do not apply directly on CVAD exit site) • • •

Foam (silicone or low-tack) • • • • •

Alginate (also has hemostatic properties) • • •

Skin glue (2-octylcyanoacrylate alcohol-free topical 
bandage) + Cover Dressing

 
is present

Yes

Antimicrobial dressing *** • • •

•  Control bleeding: 
pressure at site, alginate 
and/or hemostatic agent 
under dressing

•  Apply non-alcohol barrier 

dressing

•  

•  Identify and avoid suspected irritant:

 -  Change type/concentration of cleansing solution (see Fig. 1)
 -  
 - If no resolution, change brand/type of dressing
 -  )

•  Consider non-alcohol 
antiseptic agent 

•  
approximate viable 

Fig. 1–Reaction to CHG w/ Alcohol

Try CHG w/o alcohol

No improvement?

Try Povidone Iodine

No Improvement?

Try sterile normal saline

Fig. 2–Open Application Test 
1.  Apply product to forearm  
2. Monitor for 30–60 min.  
3.  Reassess in 3–4 days for signs 

Fig. 16.2 CVAD-associated skin impairment (CASI) algorithm (Broadhurst et al. 2017) (open access, used with per-
mission Broadhurst, Moureau and Ullman)

16 Right Post-Insertion Management in Pediatrics



212

Dressing products cover the VAD wound, provid-
ing a protective barrier from contamination from 
the environment, preventing extra-luminal con-
tamination of the VAD insertion site (Ullman 
et al. 2015a). Securement products stabilize the 
VAD, ensuring stability of the device tip location 
either in a central or peripheral position. 
Securement products also aim to prevent micro-
motion of the VAD within the vessel (preventing 
vessel irritation and thereby thrombosis) and 
within the wound (preventing wound irritation 
and thereby local site infection) (Ullman et  al. 
2015a). The overarching literature regarding the 
range of products that are available to support 
VAD security has been presented in Chap. 9: 
Securement.

Within pediatrics, there are some unique fea-
tures of VAD dressing and securement that must 
be considered. Infants and small children are 
rarely compliant in their dressing and secure-
ment application and may intentionally attempt 
to remove the device. The products need to 
withstand the mechanics of a crawling infant 
and a bored, non-compliant toddler. This means 
additional security and coverage, through splints 
and devices, are often necessary. Consider 
anchoring the device in an area that is difficult 
to reach such as over the infant or toddler shoul-
der. However, the composite of dressing and 
securement products in use must facilitate regu-
lar assessment of the VAD site to monitor for 
early signs of infiltration, extravasation, phlebi-
tis, and local site irritation. Dressing and secure-
ment products must be easy to apply and remove 
by a variety of clinicians in challenging circum-
stances. VAD security and dressing products 
also need to be appropriately sized, with many 
of the modern non-suture securement products 
requiring a large footplate, making them diffi-
cult to apply in situations such as a jugular non-
tunneled central VAD.

Medication-impregnated dressing products 
involve a slow release of antiseptic solutions onto 
the VAD insertion site. CHG-impregnated dress-
ing products, either by disk or gel or built into the 
dressing, have been demonstrated to significantly 
reduce the rate of central VAD-related blood-
stream infections (Ullman et al. 2015b). However, 

the effectiveness of CHG-impregnated products 
to prevent infection has not been comprehen-
sively studied in the pediatric population or in 
devices outside of the critical care setting. While 
clinical practice guidelines (Loveday et al. 2014; 
O’Grady et  al. 2011) and pragmatism recom-
mend their suitability in most pediatric settings 
with a high rate of bloodstream infection, caution 
should again be employed. It is not currently rec-
ommended to use CHG-impregnated dressing 
products in neonates and small infants less than 
2  months of age and those with significantly 
impaired skin integrity surrounding central VAD 
sites, due to risk of significant skin injuries and 
irritation. Silver-impregnated dressing products 
have been successfully used in a single-center 
neonatal pilot randomized controlled trial with-
out evidence of systemic silver absorption and no 
evidence of skin damage (Hill et  al. 2010). 
However, the effectiveness of silver-impregnated 
dressing products for infection prevention has not 
been demonstrated.

16.3  Pediatric Vessel Size 
and Patency

Typically, the smaller the patient, the smaller the 
vessels. As detailed in Chap. 14: The Right 
Device Assessment, for younger children, smaller 
gauge catheters are used to prevent complications 
of thrombosis and phlebitis. However, the use of 
smaller gauge catheters results in higher risk of 
intraluminal occlusion due to medication precipi-
tate and thrombosis.

16.4  Flushing

As detailed in Chap. 19: Flushing, there are a 
variety of strategies that can be used to promote 
VAD patency including pulsatile flushing using 
normal saline and heparin, continuous infusion, 
and locking. Flushing is commonly used to verify 
VAD patency and theoretically clear the device 
between medications that could result in occlu-
sion (Doellman et al. 2015). VADs are generally 
flushed with normal saline before and after medi-

A. Ullman and T. Kleidon
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cation administration and blood sampling and 
after an infusion is ceased (Doellman et al. 2015). 
Routine, pulsatile flushing with normal or hepa-
rinized saline is also used between medication 
administration to create turbulent flow, thereby 
promoting patency and reducing bacterial cathe-
ter colonization. Debate continues regarding the 
value of heparin flush when a VAD is not in use. 
Unfortunately, there is limited evidence regard-
ing the optimal flushing frequency and solutions 
across all populations and even less in pediatrics. 
The most recent Cochrane systematic review 
concluded that there was not enough evidence to 
determine the effects of heparin versus normal 
saline to prevent occlusion in pediatric CVADs 
(Bradford et  al. 2015), yet it remains the most 
commonly used flushing and locking solution 
(Doellman et  al. 2015). The additional fluid 
administered during VAD flushing is an issue of 
concern for pediatric patients who may be fluid 
restricted because of their age (e.g., neonates) or 
medical conditions (e.g., renal disease) (Doellman 
et al. 2015).

16.5  Locking

VAD locking is most commonly used for CVADs 
and aims to prevent blood reflux during periods 
of disuse. A variety of heparin doses are used 
depending upon the device type, length, and the 
perceived risk of occlusion (see Table 16.1). To 
prevent occlusion in small-gauge devices (e.g., 
1.9Fr PICC), pediatric vascular access specialists 

may choose to initiate a low-volume continuous 
infusion of crystalloid solution. While evidence 
of its effectiveness is poor, it is theorized that the 
continuous infusion promotes patency by pre-
venting thrombus formation.

Additional lock solutions should be initiated 
based upon clinical indication. These include 
fibrinolytic agents, ethanol, antibiotics (e.g., van-
comycin), antibiotic-heparin mixes, and tauro-
lidine. There is limited evidence to support the 
routine prophylactic use of these lock solutions; 
however, a growing evidence base supports the 
use of ethanol and taurolidine lock solutions as 
either prophylaxis or as catheter salvage in pedi-
atric patients at high risk of CVAD-associated 
bloodstream infection (Liu et  al. 2013; Mokha 
et al. 2017; Raad et al. 2016).

16.6  Blood Sampling

Pediatric VADs are frequently used for blood 
sampling during chronic, acute, and critical ill-
ness. While blood sampling from peripheral 
VAD can be troublesome, and frequently 
results in device malfunction, blood sampling 
from CVAD is a common procedure. Despite 
the ubiquity of blood sampling from pediatric 
CVADs, there is substantial variation in tech-
nique and poor evidence to support good prac-
tice. Blood sampling from pediatric VAD is of 
common practice due to difficulty associated 
with peripheral phlebotomy, risks associated 
with iatrogenic anemia, volume depletion, 

Table 16.1 Locking guidelines for pediatric CVAD (modified from (Doellman et al. 2015))

CVAD type and priming volumes Locked device (volume, solution, and frequency)
Add volume for add-on devices to priming volume

PICCs
Device priming volume ranges from 0.06 to 0.6 mL. 
Check manufacturer guidelines

2Fr and smaller: continuous infusion preferred or 
1 mL heparinized saline (10 U/mL) every 6 h
2.6Fr and larger: 1–2 mL heparinized saline (10 U/
mL) every 12 h

Tunneled and non-tunneled
Device priming volume ranges from 0.12 to 1.3 mL. 
Check manufacturer guidelines

1–3 mL heparinized saline (10–100 U/mL) every 24 h

Totally implanted device
Device priming volume ranges from 0.8 to 2 mL Check 
manufacturer guidelines

If used for more than one medication daily: 3–5 mL 
heparinized saline (10 U/mL)
Monthly maintenance flush: 3–5 mL heparinized saline 
(100 U/mL)

16 Right Post-Insertion Management in Pediatrics
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catheter occlusion, and CVAD- associated 
bloodstream infections (Doellman et al. 2015; 
Ullman et al. 2016).

The three most common techniques for 
blood sampling from pediatric CVADs are the 
discard, reinfusion, and push-pull methods. 
The discard method is common in adult popu-
lations and involves the aspiration and then 
disposal of clearance blood (volume dependent 
upon line volume), prior to blood sampling. 
Within pediatrics, this technique can result in 
significant fluid loss and preventable anemia 
especially during times of frequent blood sam-
pling (e.g., sepsis). Comparatively, the reinfu-
sion method involves the aspiration of 
clearance blood sampling and then reinfusion 
of clearance blood. This technique potentially 
increases the risk of microbial colonization 
and thrombosis formation within the clearance 
volume. The push-pull method involves the 
multiple rapid infusion and aspiration of first 
saline, and then blood, through into the syringe, 
theoretically clearing the line of infusion fluid 
prior to sampling. This minimizes potential 
contamination, thrombosis formation, and fluid 
loss but increases the risk of inaccurate results. 
Previous clinical trials in pediatrics have dem-
onstrated statistically, but not clinically differ-
ent results using the push-pull method (Adlard 
2008; Barton et al. 2004).

16.7  Pediatric Vascular Access 
Skills and Training

16.7.1  Clinicians

As described in Chap. 5: Vascular Access Teams, 
healthcare institutions must ensure development 
of vascular access qualified and competent staff, 
including a central core of vascular access spe-
cialists. All clinicians caring for children with 
VADs must be knowledgeable and skilled in the 
day-to-day management of the variety of VAD 
types, the prevention of complications, and post- 
insertion management strategies. Educational 
programs must be dynamic and completed by cli-
nicians regularly (not just once). Successful clini-

cian educational programs may include a 
combination of didactic lectures, web-based 
modules, and high- and low-fidelity simulation, 
including competency assessment with feedback. 
Educational programs must incorporate pediatric 
focused vascular access interventions including 
the use of child life specialists to promote com-
pliance during procedures such as dressing 
changes and pain relief. Interdisciplinary clini-
cian training plays a key role in the provision of 
quality post-insertion VAD care.

Within pediatrics, it is necessary to consider 
the higher level of advanced skills that are 
required to manage and problem-solve complex 
vascular access conditions. Institutions should be 
supported by a cohort of expert vascular access 
clinicians who are able to educate and lead high- 
quality post-insertion management of pediatric 
VADs. These clinicians may also be involved in 
the leadership of local clinical practice guideline 
review and implementation.

16.7.2  Family and Caregivers

Family and primary caregivers must also be 
comprehensively educated to manage VADs in 
the home environment. Home-based healthcare 
is growing across all specialties, with peripheral 
and central VADs the cornerstone of many 
home- based therapies, such as antibiotic and 
parenteral nutrition administration. These thera-
pies range from short term to lifelong adminis-
tration. Education and resources need to be 
provided so that the primary caregivers can 
manage and problem- solve potentially problem-
atic pediatric VADs.

Family members are a significant resource in 
the prevention of post-insertion VAD complica-
tions in the acute care environment. Primary 
caregivers are intimately familiar with the com-
plexities of their child and their VAD. Whether a 
short- or long-term device, they understand their 
child’s reaction to pain, compliance with proce-
dures, and, for those with a long-term vascular 
access dependency, the distinct tricks that may 
help promote device patency. Never, never ignore 
the parents and caregivers.

A. Ullman and T. Kleidon
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16.8  Conclusion

The management of pediatric VADs after inser-
tion requires specialist focus. The prevention of 
post-insertion complications in pediatric VAD 
must be led by comprehensively trained staff, 
with easily accessible support from vascular 
access experts. Evidence-based strategies must 
be used to prevent complications including infec-
tion, occlusion, and site irritation. Parents and 
caregivers are an important resource to be uti-
lized in the post-insertion phase.
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