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Consider Implicit Bias
Please take a moment to reflect upon how our attitudes or internalized 
stereotypes may impact patients that require infusate administration and vascular 
access device management.

“Implicit bias” means the attitudes or internalized stereotypes that affect nurses’ 
perceptions, actions, and decisions in an unconscious manner, that exist and often 
contribute to unequal treatment of people based on race, ethnicity, gender 
identity, sexual orientation, age, disability, and other characteristics that 
contribute to health disparities.

(CA Bill 241)



Learning Objectives 

At the conclusion of this session, participants will be able to:

 Describe evidence-based strategies for peripheral and central VAD securement.
 Discuss flushing and locking techniques to promote patency and reduce infection risk.
 Describe the current evidence guiding management of needleless connectors
 Identify strategies to provide accurate dose delivery of infusion medications and 

solutions



 Large Section including 10 critical 
Standards:
o 33-Filtration
o 34-Needleless Connectors
o 35-Other Add Ons
o 36-VAD Securement
o 37-Site Protection and Joint Stabilization
o 38-Flushing/Locking
o 39-VAD Post-Insertion Care (new title)
o 40-Administration Set Management
o 41-Blood Sampling
o 42-VAD Removal

 Standards in highlighted above will be 
reviewed today

Vascular Access Device Management

 A critical related Standard 
is #57—Infusion Medication 
and Solution Administration
o Multiple areas of overlapping content between 

Administration Set Management and Infusion 
Med/Solution Administration are now addressed 
in a table format:
 Clinical situation
 Factors to Consider
 Practice Recommendation

o This is included in the Medication/Solution 
Standard but cross—referenced where 
appropriate



Standard

36.1 VADs are secured to prevent complications associated with VAD 
dislodgement and VAD motion at the insertion site.

36.2 Methods used to secure the VAD do not interfere with the ability to 
routinely assess and monitor the access site or impede vascular circulation 
or delivery of the prescribed therapy.

Standard 36: Vascular Access Device 
(VAD)  Securement



VAD Securement - definitions
Securement Definition

Adhesive securement 
device (ASD)

an adhesive-backed device that adheres to the skin with a mechanism to hold the vascular access 
device (VAD) in place; a separate dressing is placed over the ASD. Both the dressing and ASD must be 
removed and replaced at specific intervals during the VAD dwell time.

Integrated securement 
device (ISD)

a device that combines a dressing with securement functions; includes transparent, semipermeable 
window, and a bordered fabric collar with built-in securement technology.

Subcutaneous anchor 
securement system
(SASS):

a securement device that anchors the VAD in place via flexible feet/posts that are placed just beneath 
the skin; these act to stabilize the catheter right at the point of insertion. A separate dressing is placed 
over the SASS. The SASS does not need to be changed at regular intervals when the dressing is 
changed; it can remain in place if there are no associated complications.

Tissue adhesive (TA) a medical-grade cyanoacrylate glue that can seal the insertion site and temporarily bond the catheter 
to the skin at the point of insertion and under the catheter hub. Depending on the chemical makeup, 
TA may be reapplied at each dressing change. Various formulations of TA for wound closure are 
commercially available including first generation N-Butyl-2- cyanoacrylate (quick drying, rigid/brittle), 
second generation 2-octyl-cyanoacrylate (longer dry time, more flexible) and N-Butyl-2octyl 
cyanoacrylate formation (increased tensile strength and flexibility) with an additional indication for 
vascular access securement. Each TA formulation has varied properties and the clinical decision to use 
should be based on research outcomes relative to the chosen product.



 Use any of the suggested securement products (ASD, TA, SASS) or an ISD in addition to the primary dressing

 Consider the patient (age, skin turgor, behavior, previous skin injury), device type (peripheral v central), length of 

dwell (day v prolonged), any drainage at insertion site, and environment when choosing securement options.

 Avoid use of sutures

 Evaluate a combination approach to securement 

 Do NOT use rolls of nonsterile tape

 Consider increased risk of pathogenic bacteria 

Standard 36: Practice recommendations



o Evaluate the use of securement options such as TA/ISD for enhanced catheter 
securement, particularly in high-risk patients e.g. difficult intravenous access (DIVA) 
and prolonged catheter dwell

o Conflicting results in adults and pediatrics – consider patient population

o ASD has not been found to effectively enhance PIVC securement

oVarious formulations of TA – know the product and its potential risk profile

oUse a securement method in addition to the primary dressing or an ISD to secure 
midlines – committee consensus (URGENT - clinical trials required)

Practice recommendations – PIVC and 
midline



oUse an ASD, ISD, SASS or TA for peripherally inserted central catheters (PICCs) as an 
alternative to sutures

o Increasing number of observational studies report superiority of SASS compared to 
ASD to secure PICC and tunneled non-cuffed CVC – more RCT’s required to increase 
level of evidence.  

o One small RCT in adult patients demonstrated reduced dislodgement and nursing time to complete dressing 
change

o The National Institute for Clinical Excellence (NICE) in UK advocate for improved 
patient safety and cost benefit of SASS, particularly for use in > 15 days

Central venous catheters including PICC, 
tunneled cuffed and tunneled non-cuffed



oUse TA as an adjunct to securement, seals the site and prolongs time to first dressing 
change 

o Consider the studies and product used when assessing utility in your patient cohort and complication profile.

oRemain vigilant in use of TA in neonatal population

o existing evidence weak due to few prospective clinical trials

oNon-tunneled CVC securement remains challenging

o Few studies

o Use of TA and ISD, in conjunction with sutures remains most promising compared to ASD and traditional 
sutures alone  - URGENT need for more robust clinical trials

Central venous catheters including PICC, 
tunneled cuffed and tunneled non-cuffed



oConsider innovative securement strategies such as TA or keyhole dressing 
(foam bordered dressing with clear membrane window) in addition to the 
primary dressing

o Both have demonstrated reduced failure compared to keyhole dressing alone or primary dressing 

Arterial catheter securement



Standard 36: Practice recommendations

oDo not use rolled bandages (with or without elastic) as they do not adequately secure 
the VAD and limits visibility and ability to assess insertion site

o Use tubular sleeve to provide additional stabilization

o Exception include patients with skin disorders such as pediatric epidermolysis bullosa, and burns – these 
conditions may necessitate use of tubular gauze mesh rather than conventional securement

o Single-center observational study demonstrate effectiveness of SASS in this patient population; however, 
studies are small and should be used with caution in this vulnerable patient population.



Standard 36: Practice recommendations

oAssess securement with each dressing change and reapply as appropriate

o ASD requires replacement at each dressing change

o TA should be reapplied if safe to do so.  Consider which formation of TA was used in various studies that 
report adverse skin complications with reapplication of TA.

o SASS does not require replacement at each dressing change, however assess integrity of skin and device at 
each dressing change

oBe aware of catheter associated skin injury (use in conjunction with SOP 52 – catheter 
associated skin injury - CASI)

o Risk factors include oedema, age, joint movement

o Apply barrier solutions prior to dressing and securement to reduce the risk of CASI



Standard 36: Practice recommendations

oNever re-advance a dislodged VAD into the vein

o Secure VAD at current position

o Assess the new tip location and determine appropriateness to 
continue (e.g. infusion therapy – central/peripheral)

o Or replace the existing catheter



Definitions

o Flushing is the act of moving fluids, medications, blood, and blood products 
out of the vascular access device into the bloodstream; used to assess and 
maintain patency and prevent precipitation due to solution/medication 
incompatibility.

oLocking is the instillation of a solution into a vascular access device (VAD) 
used to maintain patency in between VAD use and/or reduce risk of catheter-
associated blood- stream infection.

o

Standard 38: Flushing and Locking



Flushing & Locking: Underlying theory

Regular flushing and locking aims to:

oPrevent mixing of incompatible drugs and fluids

oReduce build-up of fibrin, proteins and biological material.

oAssist with assessment and early detection of complications



Flushing & Locking: Practice recommendations

o Infection control, including of ANTT

o Device and patient assessment

o Single dose systems

o Commercially prepared prefilled syringes

o Optimal technique

o Optimal solution



Device and patient assessment
Gentle aspiration - blood return Y/N?

Site assessment - localized pain, infiltration or inflammation

Add-on device assessment – clamps, kinks or blockages

Gentle injection - resistance Y/N?

Site assessment - localized pain, infiltration or inflammation

Outcome:

 VAD patency established – continue use

 VAD patency not established – discontinue use, remove/replace



Why prefilled syringes?
oReduced risk of fluid or device contamination

oImproved medication safety due to pre-labelling

oReduced reflux due to positive pressure plunger

oReduced risk of cannula/vessel injury
• syringe has 10mL properties with appropriate PSI regardless of volume

oReduced risk of needlestick injury

oTime saving

oReduced waste



Flushing technique
oPositive-pressure technique - reduce reflux

oCorrect flushing/clamping sequence - reduce reflux

oGentle pulsatile technique
oprevent build up fibrin, drug precipitate and disrupt biofilm

ominimize vessel (endothelial) injury and platelet activation

oFrequency
opre & post medication or blood transfusion administration, or

o PIVC – at least Q24h or consider removal

oCVADs – variable, depending on type and use



Flush and lock solution
oFlushing solution – 0.9% Sodium Chloride

oLocking solution 
oAdults – 0.9%Sodium Chloride

oPediatrics & neonates – 0.9% Normal Saline or Heparinized Saline (0.5 to 
10 units/mL)

oCVADs non-tunneled, PICCs

oCVADs non-tunnelled, TIVADs

oAntimicrobial lock – high risk population, long term device

***Aspiration of all lock solutions prior to administration



Definition and purpose:

oA luer-locking needleless connector is used to connect syringes 
and/or administration sets to a VAD hub or other injection site to 
eliminate use of needles and reduce needlestick injuries

Standard 34: Needleless Connectors



Needleless connectors: Practice recommendations

o Infection control, including of ANTT

o Product knowledge and familiarity

o Key characteristics

o NC decontamination

o NC replacement



Needleless connector characteristics
o All connectors have some reflux – know your product!

o Key characteristics of NC associated with bacterial transfer & 
biofilm formation
• Split septum

• Minimal seal length

• Internal cannula

• Low internal surface area and volume

• Minimal displacement

• Simple fluid pathway



NC Decontamination
oSolution - 70% IPA or CHG & 70%

oConsider access, drying time, cost device appropriateness

oActive decontamination
oVigorous manual scrub, straight line with pressure X2, 5-15 secs

oPassive decontamination
o compliance, effectiveness, complications

oReplace as clinically indicated or with admin set



 Related content from Standard 40-Administration Set Management
o Sorption:

 ADsorption---interaction of the drug with the surface of the tubing/container
 ABsorption—drug penetration inside of the infusion system

o Leaching: solute becomes detached or extracted from the carrier substance
o Shedding: particle release from an infusate container, tubing or filter
o Intermittent Administration Set: primary or secondary set that is disconnected from the initial 

access point and left disconnected, then sterilely capped for reuse
o Intermittent Infusion: small volume given by manual push or short (eg. 30-60 min) infusion
o Continuous administration set: primary or secondary set that remains connected to the VAD for the 

duration of the infusion or until the scheduled set change occurs.
 May be disconnected briefly and reconnected aseptically (eg blood sampling, transfer to a 

different lumen)
o Continuous infusion: controlled method of administration over at least several hours or longer 

without interruption

Standard 57: Infusion medication/solution administration



 Related content from Standard 40-Administration Set 
Management
o Administration Set Change:

 Recommendations for admin sets for lipids, parenteral nutrition, 
blood/blood products unchanged

 Regular infusate primary and secondary tubing: change administration 
set according to manufacturer instructions for use, up to every 7 days 
or as clinically indicated (eg. contamination, new VAD, change in 
concentration)

 Intermittent tubing remains every 24 hours

Standard 57: Infusion medication/solution administration



Removal When Clinically Indicated



 Related content from Standard 40-Administration Set Management
o Administration Set Change:

 Regular infusate primary and secondary tubing: change administration set 
according to manufacturer instructions for use, up to every 7 days or as 
clinically indicated (eg. contamination, new VAD, change in concentration)

 Intermittent tubing remains every 24 hours
 Replace solution containers and administration sets used for PN (TNA and 

amino acid/dextrose formulations) and lipids every 24 hours; replace 
administration sets used for ILE with each new infusion. Hang time for PN 
should not exceed 24 hours

Standard 57: Infusion medication/solution administration



Standard 57: Infusion 
medication/solution administration

Secondary 
Intermittent 

Tubing

Small volume 
always on 

secondary tubing 
with compatible 

carrier

Consider 
consistent process 
for all piggyback 

medications

Ensure full dose is 
delivered

More than one 
concurrent 

infusion 
running

Trace/label all 
lines

Do not leave a 
paused 

medication 
connected to the 

VAD

Monitor tubing 
length and 

infusion rate 
variances

Patient 
mobility, 
confusion

Secondary 
securement 
measures

Caution with 
entanglement, 
strangulation

Brief 
disconnection of 
lines should be 
done by trained 

caregiver

High risk 
medication 
requiring 

immediate 
delivery

Always on a 
primary line with 
nothing attached

Change tubing 
with change in 
concentration

Avoid connection 
to hemodynamic 
lines to prevent 

bolus/delays

Multiple 
compatible 
medications 

infused in the 
same lumen of 

VAD

Take every 
precaution to 
reduce share 

volume

Parallel extension 
set recommended

Recognize impact 
of changes of 

delivery for one 
medication on 

others

Syringe pump 
delivery

Optimize syringe 
size, tubing 

volume and drug 
library entries

Ensure proper 
syringe pump 

height for 
accurate delivery

Consistent 
process to change 
tubing, syringe to 
ensure consistent 

delivery



VAD Securement - References

1.  Ullman AJ, Cooke ML, Mitchell M, et al. Dressing and securement for central venous access devices (CVADs): A Cochrane systematic review. International journal of nursing studies. Jul 2016;59:177-96. 
doi:10.1016/j.ijnurstu.2016.04.003
2.  Marsh N, Webster J, Mihala G, Rickard CM. Devices and dressings to secure peripheral venous catheters: A Cochrane systematic review and meta-analysis. Article. International journal of nursing studies. 
2017;67:12-19. doi:10.1016/j.ijnurstu.2016.11.007
3.  Kleidon TM, Rickard CM, Gibson V, et al. Smile - Secure my intravenous line effectively: A pilot randomised controlled trial of peripheral intravenous catheter securement in paediatrics. Article. Journal of 
Tissue Viability. 2020;29(2):82-90. doi:10.1016/j.jtv.220.03.006
4.  Kleidon TM, Ullman AJ, Gibson V, et al. A Pilot Randomized Controlled Trial of Novel Dressing and Securement Techniques in 101 Pediatric Patients. J Vasc Interv Radiol. Nov 2017;28(11):1548-1556 e1. 
doi:10.1016/j.jvir.2017.07.012
5.  Laudenbach N, Braun CA, Klaverkamp L, Hedman-Dennis S. Peripheral i.v. stabilization and the rate of complications in children: an exploratory study. J Pediatr Nurs. Jul-Aug 2014;29(4):348-53. 
doi:10.1016/j.pedn.2014.02.002
6.  Marsh N, Webster J, Flynn J, et al. Securement methods for peripheral venous catheters to prevent failure: a randomised controlled pilot trial. The journal of vascular access. May-Jun 2015;16(3):237-44. 
doi:10.5301/jva.5000348
7.  Mitchell ML, Ullman AJ, Takashima M, et al. Central venous access device Securement and dressing effectiveness: The CASCADE pilot randomised controlled trial in the adult intensive care. Article. Australian 
critical care : official journal of the Confederation of Australian Critical Care Nurses. 2020;33(5):441-451. doi:10.1016/j.aucc.2019.10.002
8.  Rickard CM, Marsh N, Webster J, et al. Dressings and securements for the prevention of peripheral intravenous catheter failure in adults (SAVE): a pragmatic, randomised controlled, superiority trial. Article. 
The Lancet. 2018;392(10145):419-430. doi:10.1016/S0140-6736(18)31380-1
9.  Schults JA, Long D, Pearson K, et al. Insertion, management, and complications associated with arterial catheters in paediatric intensive care: A clinical audit. Article. Australian critical care : official journal of 
the Confederation of Australian Critical Care Nurses. 2020;33(4):326-332. doi:10.1016/j.aucc.2019.05.003
10.  Ullman AJ, Kleidon T, Gibson V, et al. Innovative dressing and securement of tunneled central venous access devices in pediatrics: a pilot randomized controlled trial. BMC cancer. Aug 30 2017;17(1):595. 
doi:10.1186/s12885-017-3606-9
11.  Waterhouse J, Bandisode V, Brandon D, Olson M, Docherty SL. Evaluation of the use of a stabilization device to improve the quality of care in patients with peripherally inserted central catheters. AACN 
advanced critical care. Jul-Sep 2014;25(3):213-20. doi:10.1097/NCI.0000000000000026
12.  Pires-Júnior JF, Chianca TCM, Borges EL, Azevedo C, Simino GPR. Medical adhesive-related skin injury in cancer patients: A prospective cohort study. Article. Revista latino-americana de enfermagem. 
2021;29:e3500. doi:10.1590/1518-8345.5227.3500
13.  Pivkina AI, Gusarov VG, Blot SI, Zhivotneva IV, Pasko NV, Zamyatin MN. Effect of an acrylic terpolymer barrier film beneath transparent catheter dressings on skin integrity, risk of dressing disruption, 
catheter colonisation and infection. Article. Intensive & critical care nursing. 2018;46:17-23. doi:10.1016/j.iccn.2017.11.002
14.  Tian L, Yin X, Zhu Y, Zhang X, Zhang C. Analysis of Factors Causing Skin Damage in the Application of Peripherally Inserted Central Catheter in Cancer Patients. Article. Journal of Oncology. 
2021;2021doi:10.1155/2021/6628473



15.  Yamamoto AJ, Solomon JA, Soulen MC, et al. Sutureless securement device reduces complications of peripherally inserted central venous catheters. J Vasc Interv Radiol. Jan 2002;13(1):77-81. 
doi:10.1016/s1051-0443(07)60012-8
16.  Molina-Mazón CS, Martín-Cerezo X, Domene-Nieves de la Vega G, Asensio-Flores S, Adamuz-Tomás J. Comparative study on fixation of central venous catheter by suture versus adhesive device. 
Enfermería Intensiva (English ed). 2018/07/01/ 2018;29(3):103-112. doi:https://doi.org/10.1016/j.enfie.2017.10.008
17.  Corley A, Ullman AJ, Marsh N, et al. A pilot randomized controlled trial of securement bundles to reduce peripheral intravenous catheter failure. Article. Heart & Lung. 2022;57:45-53. 
doi:https://doi.org/10.1016/j.hrtlng.2022.07.015
18.  Crowell J, O'Neil K, Drager L. Project HANDS: A Bundled Approach to Increase Short Peripheral Catheter Dwell Time. Journal of infusion nursing : the official publication of the Infusion Nurses Society. 
Sep/Oct 2017;40(5):274-280. doi:10.1097/NAN.0000000000000237
19.  Short KL. Implementation of a Central Line Maintenance Bundle for Dislodgement and Infection Prevention in the NICU. Article. Advances in neonatal care : official journal of the National Association of 
Neonatal Nurses. 2019;19(2):145-150. doi:10.1097/ANC.0000000000000566
20.  Boyar V, Galiczewski C. Reducing Peripheral Intravenous Catheter Extravasation in Neonates: A Quality Improvement Project. Article. Journal of wound, ostomy, and continence nursing : official 
publication of The Wound, Ostomy and Continence Nurses Society. 2021;48(1):31-38. doi:10.1097/WON.0000000000000728
21.  Corley A, Marsh N, Ullman AJ, Rickard CM. Peripheral intravenous catheter securement: An integrative review of contemporary literature around medical adhesive tapes and supplementary securement 
products. Article in Press. Journal of clinical nursing. 2022;32:1841-1857. doi:10.1111/jocn.16237
22.  Lalayanni C, Baliakas P, Xochelli A, et al. Outbreak of cutaneous zygomycosis associated with the use of adhesive tape in haematology patients. J Hosp Infect. Jul 2012;81(3):213-5. 
doi:10.1016/j.jhin.2012.04.007
23.  McClusky J, Davis M, Dahl K. A gap in patient tape storage and use practices puts patients at risk for cutaneous fungal infections. Article. American Journal of Infection Control. 2015;43(2):182-184. 
doi:10.1016/j.ajic.2014.10.028
24.  Atay S, Yilmaz Kurt F. Effectiveness of transparent film dressing for peripheral intravenous catheter. Article. Journal of Vascular Access. 2021;22(1):135-140. doi:10.1177/1129729820927238
25.  Bahl A, Gibson SM, Jankowski D, Chen NW. Short peripheral intravenous catheter securement with cyanoacrylate glue compared to conventional dressing: A randomized controlled trial. Article in Press. 
Journal of Vascular Access. 2021;doi:10.1177/11297298211024037
26.  Lešnik A, Gorenjak M, Žumer S, et al. Tissue adhesives for peripheral intravenous catheter securement: A prospective randomized controlled pilot trial. Article. American Journal of Emergency Medicine. 
2021;44:128-131. doi:10.1016/j.ajem.2021.01.088
27.  Özkula U, Özhasenekler A, Kurtoğlu Çelik G, et al. Tissue adhesives to secure peripheral intravenous catheters: A randomized controlled trial in patients over 65 years. Article. Turkish Journal of 
Emergency Medicine. 2019;19(1):12-15. doi:10.1016/j.tjem.2018.08.003
28.  Marsh N, Larsen E, Genzel J, et al. A novel integrated dressing to secure peripheral intravenous catheters in an adult acute hospital: a pilot randomised controlled trial. Report. Trials. Oct 30 
2018;19(1):596. doi:10.1186/s13063-018-2985-9
29.  Marsh N, Webster J, Larsen E, Cooke M, Mihala G, Rickard CM. Observational study of peripheral intravenous catheter outcomes in adult hospitalized patients: A multivariable analysis of peripheral 
intravenous catheter failure. Article. Journal of Hospital Medicine. 2018;13(2):83-89. doi:10.12788/jhm.2867
30.  Bugden S, Shean K, Scott M, et al. Skin Glue Reduces the Failure Rate of Emergency Department-Inserted Peripheral Intravenous Catheters: A Randomized Controlled Trial. Ann Emerg Med. Aug 
2016;68(2):196-201. doi:10.1016/j.annemergmed.2015.11.026

https://doi.org/10.1016/j.enfie.2017.10.008
https://doi.org/10.1016/j.hrtlng.2022.07.015


31.  Ventura R, O'Loughlin C, Vavrik B. Clinical evaluation of a securement device used on midline catheters. British journal of nursing (Mark Allen Publishing). Jul 28 2016;25(14):S16-22. 
doi:10.12968/bjon.2016.25.14.S16
32.  Padilla-Nula F, Bergua-Lorente A, Farrero-Mena J, et al. Effectiveness of cyanoacrylate glue in the fixation of midline catheters and peripherally inserted central catheters in hospitalised adult patients: 
Randomised clinical trial (CIANO-ETI). SAGE Open Med. 2023;11:20503121231170743-20503121231170743. doi:10.1177/20503121231170743
33.  Prachanpanich N, Morakul S, Kiatmongkolkul N. Effectiveness of securing central venous catheters with topical tissue adhesive in patients undergoing cardiac surgery: a randomized controlled pilot 
study. Article. BMC Anesthesiology. 2021;21(1)doi:10.1186/s12871-021-01282-0
34.  Pittiruti M, Annetta MG, Marche B, D'Andrea V, Scoppettuolo G. Ten years of clinical experience with cyanoacrylate glue for venous access in a 1300-bed university hospital. British Journal of Nursing. 
2022/04/21 2022;31(8):S4-S13. doi:10.12968/bjon.2022.31.8.S4
35.  van Rens M, Nimeri AMA, Spencer TR, et al. Cyanoacrylate Securement in Neonatal PICC Use: A 4-Year Observational Study. Article in Press. Advances in neonatal care : official journal of the National 
Association of Neonatal Nurses. 2021;doi:10.1097/ANC.0000000000000963
36.  Pinelli F, Pittiruti M, Van Boxtel T, et al. GAVeCeLT-WoCoVA Consensus on subcutaneously anchored securement devices for the securement of venous catheters: Current evidence and recommendations 
for future research. Article. Journal of Vascular Access. 2021;22(5):716-725. doi:10.1177/1129729820924568
37.  Hawes ML. Vascular access device securement for oncology patients and those with chronic diseases. Article. British journal of nursing (Mark Allen Publishing). 2021;30(8):S20-S25. 
doi:10.12968/bjon.2021.30.8.S20
38.  D’Andrea V, Barone G, Pezza L, Prontera G, Vento G, Pittiruti M. Securement of central venous catheters by subcutaneously anchored suturless devices in neonates. Article in Press. Journal of Maternal-
Fetal and Neonatal Medicine. 2021;doi:10.1080/14767058.2021.1922377
39.  Crocoli A, Martucci C, Sidro L, et al. Safety and effectiveness of subcutaneously anchored securement for tunneled central catheters in oncological pediatric patients: A retrospective study. Article in 
Press. Journal of Vascular Access. 2021;doi:10.1177/11297298211009364
40.  Rowe MS, Arnold K, Spencer TR. Catheter securement impact on PICC-related CLABSI: A university hospital perspective. Article. American Journal of Infection Control. 2020;48(12):1497-1500. 
doi:10.1016/j.ajic.2020.06.178
41.  Fitzsimons KM, Speekman J, Senior T, Curtis K, Cochrane-Davis A, Barnes R. An observational study of the securement of central venous access devices with a subcutaneous anchor device in a paediatric
population at a tertiary level hospital. Article. Journal of Vascular Access. 2020;21(6):959-962. doi:10.1177/1129729820918460
42.  Webber JLR, Maningo-Salinas MJ. “Sticking It to Them”—Reducing Migration of Peripherally Inserted Central Catheters. Journal of the Association for Vascular Access. 
2019;doi:10.2309/j.java.2020.001.004
43.  Chan RJ, Northfield S, Larsen E, et al. Central venous Access device SeCurement And Dressing Effectiveness for peripherally inserted central catheters in adult acute hospital patients (CASCADE): A pilot 
randomised controlled trial. Article. Trials. 2017;18(1)doi:10.1186/s13063-017-2207-x
44.  Goossens GA, Grumiaux N, Janssens C, et al. SecurAstaP trial: securement with SecurAcath versus StatLock for peripherally inserted central catheters, a randomised open trial. BMJ open. Feb 24 
2018;8(2):e016058. doi:10.1136/bmjopen-2017-016058
45.  McParlan D, Edgar L, Gault M, Gillespie S, Menelly R, Reid M. Intravascular catheter migration: A cross-sectional and health-economic comparison of adhesive and subcutaneous engineered stabilisation
devices for intravascular device securement. The journal of vascular access. Jan 2020;21(1):33-38. doi:10.1177/1129729819851059
46.  Zerla PA, Canelli A, Cerne L, et al. Evaluating safety, efficacy, and cost-effectiveness of picc securement by subcutaneously anchored stabilization device. Article. Journal of Vascular Access. 
2017;18(3):238-242. doi:10.5301/jva.5000655



47.  Dolcino A, Salsano A, Dato A, et al. Potential role of a subcutaneously anchored securement device in preventing dislodgment of tunneled-cuffed central venous devices in pediatric patients. The journal 
of vascular access. Nov 17 2017;18(6):540-545. doi:10.5301/jva.5000780
48.  Macmillan T, Pennington M, Summers JA, et al. SecurAcath for securing peripherally inserted central catheters: a nice medical technology guide. Applied Health Economics and Health Policy. 
2018;doi:10.007/s40258-018-0427-1
49.  Rickard CM, Marsh N, Webster J, et al. Securing All intraVenous devices Effectively in hospitalised patients--the SAVE trial: study protocol for a multicentre randomised controlled trial. BMJ open. Sep 23 
2015;5(9):e008689. doi:10.1136/bmjopen-2015-008689
50.  Pearse I, Corley A, Bartnikowski N, Fraser JF. In vitro testing of cyanoacrylate tissue adhesives and sutures for extracorporeal membrane oxygenation cannula securement. Intensive Care Med Exp. Jan 4 
2021;9(1):5. doi:10.1186/s40635-020-00365-5
51.  Pearse I, Corley A, Qu Y, Fraser J. Tissue adhesives for bacterial inhibition in extracorporeal membrane oxygenation cannulae. Intensive Care Med Exp. 2021;9(1):25-25. doi:10.1186/s40635-021-00388-6
52.  Sharpe E L, Curry S, Wyckoff M M. Peripherally Inserted Central Catheters: Guideline for Practice 
4TH EDITION. The National Association of Neonatal Nurses (NANN),; 2022.
53.  D’Andrea V, Pezza L, Barone G, Prontera G, Pittiruti M, Vento G. Use of cyanoacrylate glue for the sutureless securement of epicutaneo-caval catheters in neonates. The journal of vascular access. 
2022;23(5):801-804. doi:10.1177/11297298211008103
54.  Su LT, Huang HC, Liu YC, et al. The appropriate frequency of dressing for percutaneous central venous catheters in preventing catheter-related blood stream infection in NICU – A randomized controlled 
trial. Article. Pediatrics and Neonatology. 2021;62(3):292-297. doi:10.1016/j.pedneo.2021.02.001
55.  Healy C, Baldwin I, Currey J, Driscoll A. A randomised controlled trial to determine the effectiveness of a radial arterial catheter dressing. Crit Care Resusc. 2018;20(1):61-67. 
56.  Reynolds H, Taraporewalla K, Tower M, et al. Novel technologies can provide effective dressing and securement for peripheral arterial catheters: A pilot randomised controlled trial in the operating 
theatre and the intensive care unit. Aust Crit Care. Aug 2015;28(3):140-8. doi:10.1016/j.aucc.2014.12.001
57.  Edwards M, Rickard CM, Rapchuk I, et al. A pilot trial of bordered polyurethane dressings, tissue adhesive and sutureless devices compared with standard polyurethane dressings for securing short-term 
arterial catheters. Journal Article. Critical Care and Resuscitation. 2014;16(3):175-183. 
58.  Pittiruti M, Scoppettuolo G, Dolcetti L, et al. Clinical experience of a subcutaneously anchored sutureless system for securing central venous catheters. Article. British journal of nursing (Mark Allen 
Publishing). 2019;28(2):S4-S14. doi:10.12968/bjon.2019.28.2.S4
59.  Luo X, Guo Y, Yu H, Li S, Yin X. Effectiveness, safety and comfort of StatLock securement for peripherally-inserted central catheters: A systematic review and meta-analysis. Nursing & health sciences. Dec 
2017;19(4):403-413. doi:10.1111/nhs.12361
60.  Zhao H, He Y, Wei Q, Ying Y. Medical Adhesive-Related Skin Injury Prevalence at the Peripherally Inserted Central Catheter Insertion Site: A Cross-sectional, Multiple-Center Study. Article. Journal of 
wound, ostomy, and continence nursing : official publication of The Wound, Ostomy and Continence Nurses Society. 2018;45(1):22-25. doi:10.1097/WON.0000000000000394
61.  Zhang S, Guido AR, Jones RG, Curry BJ, Burke AS, Blaisdell ME. Experimental study on the hemostatic effect of cyanoacrylate intended for catheter securement. Article. Journal of Vascular Access. 
2019;20(1):79-86. doi:10.1177/1129729818779702



Berman DJ, Schiavi A, Frank SM, Duarte S, Schwengel DA, Miller CR. Factors that influence flow through intravascular catheters: the clinical relevance of Poiseuille's law. Transfusion. 2020;60(7):1410-1417.

Cameron-Watson C. Port protectors in clinical practice: an audit. British Journal of Nursing. 2016;25(8):s25-31

Casey AL, Karpanen TJ, Nightingale P, Chaganti S, Elliott TSJ. Microbiologic contamination of a positive- and a neutral- displacement needleless intravenous access device in clinical use. American Journal of Infection Control. 

2016;44(12):1678-1680

Casey AL, Karpanen TJ, Nightingale P, Elliott TS. The risk of microbial contamination associated with six different needle-free connectors. British journal of nursing (Mark Allen Publishing). 2018;27(2):S18-S26.

Clavier T, Ferguen M, Gouin P, et al. Impact of MaxZero™ needle-free connector on the incidence of central venous catheter-related infections in surgical intensive care unit. Australian critical care : official journal of the Confederation of 

Australian Critical Care Nurses. 2019;32(2):107-111.

Cruz-Aguilar R, Carney J, Mondaini V, et al. A quality improvement study on the reduction of central venous catheter-associated bloodstream infections by use of self-disinfecting venous access caps (STERILE). American Journal of 

Infection Control. 2021;49(5):586-592

Delgado M, Capdevila JA, Sauca G, Méndez J, Rodriguez A, Yébenes JC. Positive-pressure needleless connectors did not increase rates of catheter hub colonization respecting the use of neutral-pressure needleless connectors in a 

prospective randomized trial. Enfermedades Infecciosas y Microbiologia Clinica. 2020;38(3):119-122

Ducan M, Warden P, Bernatchez SF, Morse D. A Bundled Approach to Decrease the Rate of Primary Bloodstream Infections Related to Peripheral Intravenous Catheters. Journal of the Association for Vascular Access. 2018;23(1):15-

22.

Elli S, Abbruzzese C, Cannizzo L, Lucchini A. In vitro evaluation of fluid reflux after flushing different types of needleless connectors. Journal of Vascular Access. 2016;17(5):429-434.

Elli S, Mattiussi E, Bambi S, et al. Changing the syringe pump: A challenging procedure in critically ill patients. Journal of Vascular Access. 2020;21(6):868-874.

Flynn JM, Larsen EN, Keogh S, Ullman AJ, Rickard CM. Methods for microbial needleless connector decontamination: A systematic review and meta-analysis. American Journal of Infection Control. 2019;47(8):956-962

Gibson SM, Primeaux J. Do Needleless Connector Manufacturer Claims on Bidirectional Flow and Reflux Equate to In Vitro Quantification of Fluid Movement? Journal of the Association for Vascular Access. 2020;25(4):28-36

Gorzek S, LaDisa JF. Assessment of Reflux From Needleless Connectors: Blinded Comparison of Category Designation to Benchtop Function Using a Venous Simulator. Journal of infusion nursing : the official publication of the Infusion 

Nurses Society. 2021;44(6):323-330.

Guembe M, Pérez Granda MJ, Cruces R, Alcalá L, Bouza E. The neutraclear® needleless connector is equally effective against catheter colonization compared to microclave®. Journal of Vascular Access. 2017;18(5):415-418.

Guenezan J, Marjanovic N, Drugeon B, et al. Chlorhexidine plus alcohol versus povidone iodine plus alcohol, combined or not with innovative devices, for prevention of short-term peripheral venous catheter infection and failure (CLEAN 

3 study): an investigator-initiated, open-label, single centre, randomised-controlled, two-by-two factorial trial. The Lancet Infectious Diseases. 2021;21(7):1038-1048.

Hadaway L. Needleless connectors for IV catheters. American Journal of Nursing. 2012;112(11):32-44.

Hull GJ, Moureau NL, Sengupta S. Quantitative assessment of reflux in commercially available needle-free IV connectors. Journal of Vascular Access. 2018;19(1):12-22.

Koeppen M, Weinert F, Oehlschlaeger S, Koerner A, Rosenberger P, Haeberle HA. Needle-free connectors catheter-related bloodstream infections: a prospective randomized controlled trial. Intensive Care Medicine Experimental. 

2019;7(1).

Milstone AM, Rosenberg C, Yenokyan G, Koontz DW, Miller MR. Alcohol-impregnated caps and ambulatory central-line-associated bloodstream infections (CLABSIs): A randomized clinical trial. Infection Control and Hospital 

Epidemiology. 2021;42(4):431-439.

O’Connell S, Dale M, Morgan H, Carter K, Carolan-Rees G. Curos™ Disinfection Caps for the Prevention of Infection When Using Needleless Connectors: A NICE Medical Technologies Guidance. Applied Health Economics and Health 

Policy. 2021;19(2):145-153.

Rickard CM, Flynn J, Larsen E, et al. Needleless connector decontamination for prevention of central venous access device infection: A pilot randomized controlled trial. American Journal of Infection Control. 2021;49(2):269-273

Ronen O, Shlomo F, Ben-Adiva G, Edri Z, Shema-Didi L. A prospective clinical trial to assess peripheral venous catheter–related phlebitis using needleless connectors in a surgery department. American Journal of Infection Control. 

2017;45(10):1139-1142.

Rosenthal VD. Clinical impact of needle-free connector design: A systematic review of literature. Journal of Vascular Access. 2020;21(6):847-853.

Ryder M, deLancey-Pulcini E, Parker AE, James GA. Bacterial transfer and biofilm formation in needleless connectors in a clinically simulated in vitro catheter model. Infect Control Hosp Epidemiol. 2023:1-9

Sansalone A, Vicari R, Orlando F, et al. Needle-free connectors to prevent central venous catheter occlusion at a tertiary cardiac center: A prospective before and after intervention study. Journal of Vascular Access. 2021.

Taşdelen Öğülmen D, Ateş S. Use of alcohol containing caps for preventing bloodstream infections: A randomized controlled trial. Journal of Vascular Access. 2021;22(6):920-925.

Voor In 't Holt AF, Helder OK, Vos MC, et al. Antiseptic barrier cap effective in reducing central line-associated bloodstream infections: A systematic review and meta-analysis. International journal of nursing studies. 2017;69:34-40

Needless Connector references



Bertoglio S, Rezzo R, Merlo FD, et al. Pre-filled normal saline syringes to reduce totally implantable venous access device-associated bloodstream infection: a single institution pilot study. J Hosp Infect. 2013;84(1):85-88. who reported lower 

bloodstream infection rates (6.3% manual vs 2.7%)

Bradford NK, Edwards RM, Chan RJ. Normal saline (0.9% sodium chloride) versus heparin intermittent flushing for the prevention of occlusion in long-term central venous catheters in infants and children. Cochrane Database Syst Rev. 2020 

Apr 30;4(4):CD010996. doi: 10.1002/14651858.CD010996.pub3. PMID: 32352563; PMCID: PMC7192095

Calop J , Bosson JL , Croize J , Laurent PE . Maintenance of peripheral and central intravenous infusion devices by 0.9% sodium chloride with or without heparin as a potential source of catheter microbial contamination. J Hosp Infect . 2000 ; 

46 ( 2 ) 161-162 who observed a contamination rate of 8% was with manual flush preparation.

Cia-Arriaza M, Cabrera-Jaime S, Cano-Soria R, et al. Evidence on port-locking with heparin versus saline in patients with cancer not receiving chemotherapy: A randomized clinical trial. Asia Pac J Oncol Nurs 2022;9(9):100085. DOI: 

10.1016/j.apjon.2022.100085.

Clari M, Spoto M, Franceschi G, et al. Short Versus Long Timing of Flushing of Totally Implantable Venous Access Devices When Not Used Routinely: A Systematic Review and Meta-analysis. Cancer nursing 2021;44(3):205-213. (Article) (In 

English). DOI: 10.1097/NCC.0000000000000819.

Conway MA, McCollom C, Bannon C. Central Venous Catheter Flushing Recommendations: A Systematic Evidence-Based Practice Review. Journal of pediatriconcology nursing : official journal of the Association of Pediatric Oncology 

Nurses 2014;31(4):185-190. (Review) (In English)

Ferroni A, Gaudin F, Guiffant G, et al. Pulsative flushing as a strategy to prevent bacterial colonization of vascular access devices. Medical Devices: Evidence and Research 2014;7:379-383. (Article) (In English). DOI: 

10.2147/MDER.S71217.

Goossens GA. Flushing and locking of venous catheters: available evidence and evidence deficit. Nurs Res Pract. 2015;2015:985686.

Guiffant G, Durussel JJ, Merckx J, Flaud P, Vigier JP, Mousset P. Flushing of intravascular access devices (IVADs) - efficacy of pulsed and continuous infusions. The journal of vascular access 2012;13(1):75-8. DOI: 10.5301/JVA.2011.8487.

Hadaway, L. Short Peripheral Intravenous Catheters and Infections. Journal of Infusion Nursing 35(4):p 230-240, July/August 2012. | DOI: 10.1097/NAN.0b013e31825af099

Hosseini SJ, Eidy F, Kianmehr M, et al. Comparing the Effects of Pulsatile and Continuous Flushing on Time and Type of Peripheral Intravenous Catheters Patency: A Randomized Clinical Trial. J Caring Sci 2021;10(2):84-88. DOI: 

10.34172/jcs.2021.016.

Keogh S, Marsh N, Higgins N, Davies K, Rickard C. A time and motion study of peripheral venous catheter flushing practice using manual and prefilled flush syringes. J Infus Nurs 2014;37(2):96-101.

Levi M, van der Poll T, Schultz M. New insights into pathways that determine the link between infection and thrombosis. Neth J Med. 2012;70(3):114-120.

López-Briz E, Ruiz Garcia V, Cabello JB, Bort-Martí S, Carbonell Sanchis R, Burls A. Heparin versus 0.9% sodium chloride locking for prevention of occlusion in central venous catheters in adults. Cochrane Database of Systematic Reviews 

2022;2022(7) (Review) (In English). DOI: 10.1002/14651858.CD008462.pub4

Nifong TP, McDevitt TJ. The effect of catheter to vein ratio on blood flow rates in a simulated model of peripherally inserted central venous catheters. Chest. 140(1):48-53

Piper R, Carr PJ, Kelsey LJ, Bulmer AC, Keogh S, Doyle BJ. The mechanistic causes of peripheral intravenous catheter failure based on a parametric computational study. Sci Rep 2018;8(1):3441. DOI: 10.1038/s41598-018-21617-1.

Thandaveshwara D, Krishnamurthy V, Prajwala HV. Comparison of continuous flush with pulse flush technique in clearing blood contamination of small bore intra vascular catheter: A randomised control trial. Journal of Clinical and Diagnostic 

Research 2018;12(8):SC09-SC11. (Article) (In English). DOI: 10.7860/JCDR/2018/34785.11918

Tong C, Peng X, Hu H, Wang Z, Zhou H. The effect of different flushing methods in a short peripheral catheter. Acta Cir Bras 2019;34(8):e201900804. DOI: 10.1590/s0102-865020190080000004.

Wang Y, Zhao J, Wan GM. Prolong the flushing and locking interval of TIVAD is feasible in COVID-19: An overview of systematic reviews. The journal of vascular access 2022:11297298221086129. DOI: 10.1177/11297298221086129

Zhang L, Marsh N, McGrail MR, Webster J, Playford EG, Rickard CM. Assessing microbial colonisation of peripheral intravascular devices. J Infect. 67(4):353-355.

Zhu L, Liu H, Wang R, Yu Y, Zheng F, Yin J. Mechanism of pulsatile flushing technique for saline injection via a peripheral intravenous catheter. Clinical Biomechanics 2020;80 (Article) (In English). DOI: 10.1016/j.clinbiomech.2020.105103.

Flushing & locking references



Administration Set & Medication References
o Buetti N. Strategies to prevent central line-associated bloodstream infections in acute-care hospitals: 2022 Update SHEA/IDSA/APIC Practice

Recommendation. Infection Control & Hospital Epidemiology. 2022;43:553–569. doi:10.1017/ice.2022.87

o Ray‐Barruel G, Woods C, Larsen EN, Marsh N, Ullman AJ, Rickard CM. Nurses' decision‐making about intravenous administration set replacement: A 
qualitative study. Journal of Clinical Nursing (John Wiley & Sons, Inc). 2019;28(21/22):3786-3795. doi:10.1111/jocn.14979

o Rickard CM, Marsh NM, Larsen EN, et al. Effect of infusion set replacement intervals on catheter-related bloodstream infections (RSVP): a 
randomised, controlled, equivalence (central venous access device)–non-inferiority (peripheral arterial catheter) trial. Article. The Lancet. 
2021;397(10283):1447-1458. doi:10.1016/S0140-6736(21)00351-2

o Practices ISMP. Hidden Medication Loss When Using a Primary Administration Set for Small-Volume Intermittent Infusions.
https://wwwismporg/resources/hidden-medication-loss-when-using-primary-administration-set-small-volume-intermittent 2020.

o Penoyer D GK, Middleton A. Comparison of safety and usability between peristaltic and pneumatic large-volume intravenous smart pumps during
actual clinical use. BMJ Innovations 2022;8:78-86. DOI: 10.1136/bmjinnov-2021-000851.

o Elli S, Mattiussi E, Bambi S, et al. Changing the syringe pump: A challenging procedure in critically ill patients. Journal of Vascular Access 
2020;21(6):868-874. (Article) (In English). DOI: 10.1177/1129729820909024.

o Konings MK, Gevers R, Mejri S, Timmerman AM. Effect of non-return valves on the time-of-Arrival of new medication in a patient after syringe 
exchange in an infusion set-up. Biomedizinische Technik 2022 (Article in Press) (In English). DOI: 10.1515/bmt-2022-0054.

o FDA USFDA. Syringe Pump Problems with Fluid Flow Continuity at Low Infusion Rates Can Result in Serious Clinical Consequences: FDA Safety
Communication. (https://www.fdanews.com/ext/resources/files/2016/08/08-25-16-pumpsafetynotice.pdf?1520631923).

https://wwwismporg/resources/hidden-medication-loss-when-using-primary-administration-set-small-volume-intermittent
https://www.fdanews.com/ext/resources/files/2016/08/08-25-16-pumpsafetynotice.pdf?1520631923


California Board of Nursing: Implicit Bias

In accordance with Assembly Bill 241, 16 CCR 1451.2, as a Continuing 
Education Provider (CEP) for the California Board of Registered Nursing, all 
INS continuing educational sessions shall address at least one or in 
combination of the following:
(1)Examples of how implicit bias affects perceptions and treatment decisions 

of registered nurses leading to health disparities in health outcomes.
(2)Strategies to address how unintended biases in decision making may 

contribute to health care disparities by shaping behavior and producing 
differences in medical treatment along lines of race, ethnicity, gender 
identity, sexual orientation, age, socioeconomic status, or other 
characteristics.

https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200AB241

