
© 2017 Duffy and Nelson. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Nursing: Research and Reviews 2017:7 51–56

Nursing: Research and Reviews Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
51

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/NRR.S101633

Pediatric central venous access devices: nursing 
interventions

elizabeth A Duffy
Kathryn N Nelson
Department of Health Behavior and 
Biological Sciences, The University 
of Michigan School of Nursing, Ann 
Arbor, Mi, USA 

Abstract: A central venous catheter (CVC) is an indwelling catheter that provides permanent 

or temporary stable venous access for both acute and chronically ill pediatric patients. These 

catheters provide stable venous access that can be used for a variety of medical purposes includ-

ing drawing blood, hemodynamic monitoring, infusion of intravenous medications, infusion of 

intravenous fluids, chemotherapy, blood products, and parenteral nutrition. Each day, nurses 

access and care for CVCs in infants, children, and adolescents; the precision of this care can 

prevent life-threatening complications. The purpose of this review and the case study is to high-

light the importance and components of evidence-based nursing practice in pediatric CVC care. 

A historical perspective of CVC care is provided in conjunction with current national initiatives 

to improve patient outcomes for children with CVCs. Infection prevention, clinical practice 

guidelines, quality improvement, and evidence-based care bundles are discussed. 

Keywords: pediatric nursing, central venous catheters, central line-associated bloodstream 

infection, care bundles, pediatric case study 

Case study
Ryker is a previously healthy 9-year old boy. He was brought to the emergency 

department by ambulance after being hit by a car while riding his bicycle. His injuries 

included fractures of the pelvis and femur, a pulmonary laceration, and a laceration 

of spleen. He required multiple surgeries to manage his injuries. During his second 

surgery, a right subclavian central venous catheter (CVC) was placed. This catheter 

provides stable venous access for administration of fluids, medications, and labs dur-

ing his recovery. On hospital day #10, Ryker developed a fever, and labs and blood 

cultures were drawn. His labs were significant for a white blood cell count of 22,000 

cells/mm3. The initial gram stain of his blood revealed gram-positive cocci in clusters 

with a culture positive for coagulase-negative staphylococcus. Ryker was started on 

antibiotics and his CVC was removed. He continued to recover from his injuries, and 

he responded well to treatment with antibiotics for his bloodstream infection. He was 

discharged to an inpatient rehabilitation program on hospital day #18. 

After further review, and ruling out other potential sources of infection such as a 

urinary tract infection, surgical site infections, and pulmonary infections, Ryker’s posi-

tive bloodstream infection was classified as a central line associated-bloodstream infec-

tion (CLABSI) using the Center for Disease Control and Prevention (CDC) criteria. 

This health care-associated infection (HAI) triggered a review by the health care team. 

Physicians, nurses, respiratory therapists, pharmacists, and other  interdisciplinary staff 
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who cared for Ryker gathered to review the care provided and 

discuss strategies to prevent similar infections in the future. 

During the review, they estimated that CLABSI prolonged 

his hospitalization by at least 3 days. This is a hypothetical 

case study that is not based on one single patient.

Benefits of central lines
A CVC is an indwelling catheter that provides temporary or 

long-term stable venous access for both acute and chronically 

ill patients. These catheters provide stable venous access 

that can be used for a variety of medical purposes includ-

ing drawing blood, hemodynamic monitoring, infusion 

of intravenous medication, infusion of intravenous fluids, 

chemotherapy, blood products, and parenteral nutrition. For 

some pediatric patients with acute and chronic illness, CVCs 

are an important tool in their medical care when temporary 

peripheral access is inadequate. There are multiple types of 

pediatric central lines and the decision regarding the type of 

line that is chosen for insertion is dependent upon the reason 

for the CVC, patient’s diagnosis, age of the patient, patient 

weight, and time frame the CVC will be in place. Types of 

central lines include external catheters such as Hickman or 

Broviac, totally implanted catheters such as Mediports, and 

peripherally inserted central catheters.

Risks associated with CVCs
The first CVC was inserted in the 1920s.1 A CVC is a tun-

neled catheter that is surgically inserted into a central vein 

usually in the neck, upper chest, or groin and then passed 

under the skin.2 Mechanical complications such as air 

embolisms, catheter leaks, and hub separations were com-

mon complications in the early literature; however, these 

complications are now rare during central line placement. 

Central line-associated bloodstream infection was recognized 

as the most serious risk factor in the use of the CVC in the 

1950s and it continues to be a significant complication today.3 

Today, it is widely recognized that complications asso-

ciated with the use of a CVC contribute to morbidity and 

mortality and lead to increased health care utilization and 

cost; risks and benefits of CVC must be weighed carefully. 

Risks of CVCs include infection, malposition, pneumothorax, 

thrombus, embolism, tamponade, bleeding, arrhythmias, 

and catheter occlusion.4 One of the leading complications 

of central lines in pediatric patients is CLABSI with 10% 

of pediatric patients with a CVC experiencing a CLABSI at 

a rate of 1.63 CLABSIs per 1,000 catheter days.5 Decades 

after CLABSI was recognized as a significant complication 

associated with the use of CVCs, the prevention of CLABSI 

remains a high priority.

Central line-associated bloodstream 
infection 
Infection prevention is a hallmark of nursing care. It is esti-

mated that 722,000 HAIs occurred in acute-care facilities 

in 2011, resulting in 75,000 deaths.6 CLABSI is considered 

a HAI. 

CLABSI is a preventable complication. A CLABSI is 

defined as a confirmed bloodstream infection in a patient with 

a central line in place within the 48-hour period before the 

onset of the bloodstream infection that is not secondary to 

an infection at another body site meeting the CDC National 

Healthcare Safety Network Criteria.7 According to this 

criterion, at least two or more blood cultures drawn on sepa-

rate occasions should be positive from the same organism. 

CLABSI remains a significant source of mortality, morbid-

ity, and additional medical expense for pediatric and adult 

patients each year.8–11 Approximately 80,000 CLABSIs occur 

each year in hospitals, and 30,000 of those result in death. 

The cost of CLABSI to the United States health system 

is more than $2 billion annually, with an average cost per 

patient of $45,000.12 

Each day nurses access and care for infants, children, and 

adolescents with CVCs; it is the precision of this care that 

prevents CLABSI. It is imperative that nurses are aware of 

evidence-based guidelines for CVC care to prevent infection. 

The purpose of this review is to highlight the importance and 

components of evidence-based nursing practice in CVC care.

Collaborative efforts to prevent 
CLABSI
Central line-associated bloodstream infection was once 

thought to be an often unavoidable complication of central 

lines. More recently, individual units and hospitals, as well as 

large quality improvement collaboratives, have demonstrated 

that consistent and meticulous care can drastically reduce the 

incidence of CLABSI. Prevention of CLABSI has been iden-

tified as a national priority by the Joint Commission through 

the national patient safety goals requiring hospitals to reduce 

the risk of health care-associated conditions.13,14 Government 

bodies, professional societies, health care organizations, and 

individuals throughout the world are focusing attention on 

the preventability of CLABSIs by implementing evidence-

based practices outlined in the scientific literature.15 Over the 

past 15 years, multisite collaborative quality improvement 

initiatives have demonstrated statistically and clinically 

significant results in the prevention of CLABSI.12 Clinical 

practice guidelines (CPGs) have been developed based upon 

the results of this collaboration.
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Clinical practice guidelines are patient care recommenda-

tions based on the best available research evidence and prac-

tice experience. The National Academy for Medicine defines 

CPGs as statements that include recommendations intended 

to optimize patient care that are informed by a systematic 

review of evidence and an assessment of the benefits and 

harms of alternative care options.16 The generation of CPGs 

that provide recommended practices in the care of the CVC has 

resulted from the collaborative approach to prevent CLABSI. 

Several countries, regions, and organizations have established 

CPGs pertaining to the prevention of CLABSIs, authored by 

governmental, professional, and public health organizations.15

Utilization of care bundles in quality 
improvement
In order to prevent infection, health care organizations con-

tinue to implement CPGs. An inherent challenge in this imple-

mentation is the complexity and length of many CPGs. In 

order to simplify and ease the translation of evidence directly 

into practice, targeted care bundles have been developed. 

A care bundle is a group of evidence-based preventa-

tive practices that when consistently implemented together 

improve the quality of patient care and achieve a better 

outcome than when implemented alone. Care bundles have 

been developed for the prevention of CLABSI. The CDC 

CLABSI prevention guidelines provide the basis for both 

an insertion bundle and a CVC maintenance care bundle.7 

Central venous catheter insertion and daily maintenance 

care bundles have been used to reduce CLABSI in pediatric 

intensive care units, neonatal intensive care units, pediatric 

cardiothoracic units, pediatric stem cell transplant recipients, 

and inpatient pediatric oncology patients.17,18 Central venous 

catheter insertion bundles focus on care practices during 

insertion of the CVC, and maintenance care bundles address 

specific procedures for access, dressing changes, intravenous 

line care, and patient hygiene. 

Nurses assume frontline responsibility for safe, qual-

ity CVC care to minimize the risk of patients contracting 

life-threatening infections.19 Implementation of bundled 

guidelines for the care of the CVC is consistent with Institute 

for Health Improvement’s initiative to minimize practice vari-

ability.20 CLABSI can be reduced by 50% when caregivers 

use evidence-based CVC bundles, observation checklists, 

and marketing and education strategies.21

Bundle components
Bundle components include the minimal standards for the 

care of the CVC. Institutional guidelines consistent with the 

CDC provide the framework for each care bundle.7 Central 

venous catheters bundles vary between institutions but often 

provide guidance on insertion practices, care of the central 

line once it is in place, and guidelines for health care teams. 

One theme throughout bundle guidelines is the impor-

tance of hand hygiene and maintenance of clean and antisep-

tic techniques. In order to prevent CLABSIs, it is important to 

understand the presumed routes of transmission of infections, 

which include extraluminal transmission and intraluminal 

transmission. Extraluminal transmission involves the trans-

mission of microorganisms from the patient’s skin along 

the catheter resulting in colonization of the catheter tip. 

Intraluminal transmission involves direct contamination of 

the catheter or tubing, seeding of the catheter from another 

site of infection (urinary tract infection, pneumonia, etc.), 

or infusion of contaminated medication or fluids.22 Bundle 

components generally target extraluminal transmission and 

intraluminal transmission via direct contamination of the 

catheter or tubing.

Nurses, especially in the intensive care units (ICU) 

and operating room settings, are often involved during the 

placement of central lines. Even if they are not performing 

the insertion, nurses play an important role in monitoring 

and supporting insertion practices. CVC insertion bundle 

practices often include the following elements:23

•	 Hand hygiene prior to insertion: Proper hand hygiene is 

required before and after palpating catheter insertion sites 

as well as before and after inserting, replacing, accessing, 

repairing, or dressing an intravascular catheter. Since 

1977, at least seven prospective studies have shown that 

improvement in hand hygiene significantly decreases a 

variety of infectious complications. Central venous cath-

eters carry a substantially greater risk for infection.24–29

•	 Appropriate skin antisepsis: The clean skin is disin-

fected with an appropriate antiseptic before catheter 

insertion and during dressing changes. In a study from 

1991, preparation of central venous and arterial sites 

with a 2% aqueous chlorhexidine gluconate lowered 

bloodstream infection rates compared with site prepa-

ration with 10% povidone-iodine or 70% alcohol. A 

meta-analysis from 2002 demonstrated that the use of a 

chlorhexidine-containing preparation decreased central 

catheter-related infections by 49% relative to povidone-

iodine preparations.24,30–32

•	 Maximal sterile barrier precautions include sterile gloves, 

sterile gown, cap, mask and sterile full bed drape: The 

use of sterile barrier precautions during the insertion of 

CVCs substantially reduces the incidence of CLABSI 
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compared with standard precautions (eg, sterile gloves 

and small drapes).24,33–36

•	 Avoidance of routine replacement of functioning CVCs 

as a strategy to prevent CLABSI: An effective strategy 

for preventing CLABSI is to eliminate or reduce exposure 

to CVCs. The decision regarding the need for a catheter 

is complex, however, and difficult to standardize into a 

practice guideline. 

•	 The multidisciplinary team should systematically evaluate 

daily whether a CVC is necessary and potentially could 

be removed.24,37,38

Once the line is in place, most daily care of the CVC is 

performed by the nurse. CVC daily maintenance care bundles 

typically include the following practices:23

•	 Hand hygiene prior to CVC care.24–29 

•	 Sanitize the access port with alcohol, chlorhexidine/

alcohol, povidone-iodine, or iodophors before and after 

each use according to institutional policy. This is often 

called “Scrub the Hub”.24,39–41

•	 Minimize the number of times the CVC is accessed.24,39–41

•	 Change intravenous tubing and caps according to institu-

tional time frames and type of infusion. Intravenous tubing 

and cap change is also dependent upon the weight of the 

patient, underlying diagnosis, and type of infusion.24,39–41

•	 Assess blood return from the CVC every 24 hours with the 

use of anti-thrombolytics as determined by institutional 

guidelines if blood return is absent.

•	 Central venous catheters dressings must remain clean, 

dry, and intact compliant with institutional guidelines 

regarding types of dressings, frequency of dressing 

changes, and protocols for dressing changes. In general, 

gauze and tape dressing are changed every 2 days and 

transparent dressings are changed every 7 days or when 

the dressing becomes damp, loose, or soiled.24,42,43 

•	 Daily hygiene, linen change, and activities of daily life 

that are consistent with infection prevention.

•	 Prevention of CLABSI requires the active engagement 

of the entire health care team. Team practices that can 

help prevent CLABSI include: Central venous catheters 

should be removed as soon as possible and the necessity 

of the CVC should be evaluated daily.23,24,37,38

•	 Documentation of CVC care in the nursing notes and 

patient flow sheets verify that all bundle components have 

been completed and that daily CVC care is compliant 

with the evidence-based care bundle. The overarching 

goal in the utilization of care bundles in CVC care is that 

all components are completed each time; the absence 

of one element predisposes the patient to CLABSI. 

Standardization of nursing documentation can facilitate 

process improvement in the documentation of CVC care 

bundles.21

Importance of nursing care to 
decrease CLABSI
In 2006, a major national initiative was conducted by the 

National Association of Children’s Hospitals and Related 

Institutions that focused on CLABSI among pediatric 

critically ill patients; this initiative reported a reduction in 

CLABSI from 6.3 infections per 1,000 catheter days to 4.3 

infections per 1,000 catheter days.44 The importance of nurs-

ing practice in relation to the performance of maintenance 

care was highlighted. It was noted that maintenance care 

practices are complex and multidimensional for nurses to 

master reliably. Maintenance care needs to be consistently 

performed with precision many times a day for each patient.18 

Furthermore for children in ICUs, the main driver for 

CLABSI rate reduction is the daily central line maintenance 

delivered primarily by nurses.45

Strategies to increase compliance 
with bundle elements
Nurses have the most direct, ongoing role in the care of 

patients and the interventions or procedures that put patients 

at risk of infection.46 The engagement of nursing champions 

to implement and sustain CVC care bundles is essential. 

Nursing champions that recognize the importance of care 

bundles and the evidence that provides the framework for 

the bundle elements facilitates buy-in from other nursing 

staff. Nursing staff education that incorporates unit specific 

CLABSI rates also improves bundle compliance. The edu-

cational methods chosen should take into consideration the 

preferred methods of learning, principles of adult education, 

resources available, cultural norms, and languages spoken by 

health care personnel.15,47,48

Engagement of the patient and family in CVC care 

bundles is imperative. Central venous catheter line rounds 

facilitated by nursing champions can be an important tool in 

CLABSI prevention. Verbal discussion between the patient, 

family, and nursing staff in conjunction with a chart review 

provides valuable information regarding bundle compliance 

that facilitates targeted education. In addition, physician 

inquiry into use and care of the CVC during interdisciplinary 

rounds strengthens the importance of daily CVC care and 

reinforces education provided by nursing staff.
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CLABSI follow-up
In conjunction with the work surrounding CLABSI preven-

tion, nurses also need to respond when a patient develops a 

CLABSI. Root Cause Analysis (RCA), first developed to 

analyze industrial accidents, is a structured analysis now com-

monly used to analyze adverse outcomes in health care. The 

RCA process does not focus on errors of any single individual 

but instead uses a systems approach to engage the health care 

team to identify how and why the event occurred and risks for 

similar circumstances in the future. Root cause analysis is an 

effective tool to assist a health care team that is fully engaged 

in quality improvement interventions.49 When combined with 

CVC insertion and maintenance bundles, RCA assists in iden-

tifying additional processes and systems that may contribute 

to CLABSIs and additional areas of improvement.50 Nurses 

are uniquely positioned to participate in the process of RCA 

due to their frontline involvement of CVC care.

Conclusion
Health care-associated infections are considered the most 

frequent adverse events in health care delivery.24 Decreasing 

variance in practice through the consistent use of evidence-

based care bundles in concert with interdisciplinary collabo-

ration is foundational for decreasing CLABSI. According to 

the Agency for Healthcare Research and Quality, there has 

been a 17% decline in HAIs between 2010 and 2014, which 

resulted in 2.1 million fewer incidents of harm during that 

period.24 Nurses are uniquely positioned in the health care 

team to be able to reduce rates of CLABSI. Nurses can 

prevent CLABSIs by providing meticulous CVC care to 

their patients, speaking up if they identify care practices that 

place patients at risk for CLABSI, and by participating in 

interdisciplinary groups to prevent CLABSI. As evidence-

based guidelines for care and maintenance of CVCs continue 

to evolve, it is important for nurses to be active in ongoing 

CLABSI research and for nurses to work to align practices 

and policies with the latest evidence-based recommendations. 

Implementation of the most current evidence-based guide-

lines for CLABSI prevention will result in fewer patients like 

Ryker, that experience additional morbidity or mortality as 

a result of a HAI.

Disclosure
The authors report no conflicts of interest in this work.
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