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A skilled inserter who demonstrates 
1st needlestick success at least 90% 
of the time and is proficient in 
ultrasound-guided peripheral catheter 
assessment and placement.

The use of ultrasound or vein viewer 
equipment for vessel selection and 
needle guidance to avoid “blind sticks.” 
The use of an evidence-based aseptic 
no touch insertion technique (ANTT) to 
minimize site contamination.

Place peripheral catheter in the forearm 
cephalic vein about 3" below the 
antecubital fossa and 2" above the wrist 
whenever possible to avoid joints and 
danger zones as well as optimize vessel 
health and adequate hemodilution. 

Routine assessment by proficient nurse 
to avoid unnecessary catheter 
replacements leaving in place until 
clinically indicated to remove. Hub 
disinfection with passive port protectors 
between access, routine pulsatile 
flushing, and dressing changes at 7 
days for all catheters to maintain the life 
of the catheter.

Procedural kit for protocol compliance; 
22g/1.75" or longer catheter (forearm) 
to optimize the vein to catheter ratio; 
CHX Antimicrobial bordered 
securement dressing to reduce 
infection and dislodgement; Anti-reflux 
needleless connector designed to 
eliminate occlusions; Alcoholic 
chlorhexidine skin preparation and 
alcohol disinfecting cap to provide 
immediate bacterial reduction.
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What Is an Evidence-Based  
Practice Care Bundle?

A care bundle is a structured way of improving the processes 
of care and patient outcomes: a small, straightforward set of 
evidence-based practices of generally three to five components 
that, when performed collectively and reliably, have been proven 
to improve patient outcomes according to the Institute for 
Healthcare Improvement (IHI) (http://www.ihi.org/Topics/Bundles/
Pages/default.aspx).1

Most important to this issue is the concept that a bundle is 
a cohesive unit of steps that must all be completed to succeed; 
the “all or none” feature is the source of the bundle’s power.2-4 
Other bundle criteria include that only practices based on level 
1 or A graded evidence should be included in a bundle. The 
aim of this investigation was to identify supporting evidence 
for the PIV5Rights Bundle and evaluate the five components 
of the PIV5Rights Bundle that increase successful insertion and 
management of peripheral intravenous catheters (PIV), on the 
basis of the proficiency of the inserter, the insertion procedure, 
the vein and catheter selected, the use of specific supplies and 
technologies, and through ongoing assessment resulting in the 
PIV reaching the end of treatment in the highest percentage of 
patients.

Table 1 – PIV5Rights5

The PIV5Rights Evidence-Based Practice Care Bundle was 
developed based on more than 140 publications using an 
important collection of five quality improvement and process 
reliability measures. Elements of the PIV5Rights bundled approach 
(Table 1) were validated using Lean Six Sigma Process and include: 
proficiency, defined as a specialist trained and 96% competent in 
PIV ultrasound-guided insertions, using a low angle of entry; the 
vein of adequate size, a catheter for placement focused on the 
forearm and longer 22 gauge catheter; supplies and technology 
included PIV start kit, alcoholic chlorhexidine antiseptic, 22 gauge 
1.75-inch catheter, anti-reflux needleless connector, chlorhexidine 
dressing; assessment with criteria including a photo.5

Four of the five components selected for the bundle have level 
1 or A graded supporting evidence, and one component (Right 
Insertion with Proficient Clinician) has level 2 or B grade supporting 
evidence.

The strength of the evidence found in the literature was graded 
A for randomized control or systematic review, B for high quality 
observational, C for observational, or D for expert opinion for each 
of the five bundle components.

1. Right Insertion with a Proficient clinician yielded 10 publications graded B-D

2. Insertion yielded 52 publications graded A-D

3. Vein and Catheter yielded 22 publications graded A-D

4. Supplies and Technology yielded 47 publications graded A-D

5. Assessment and Dressing Care yielded 13 publications graded A-D

Four of the five bundled components met the IHI selection 
criteria for the level 1 A bundle inclusion, and each of the high-
level evidence-based components was contingent on skill and 
experience of the inserter, noted in the proficiency graded B 
through D levels of evidence. Evidence is suggestive that the 
components in the PIV5Rights research bundle are superior, as 
a standardized method, in comparison to the general common 
practice with PIV insertion and management. Application of this 
five-component bundle has the potential to establish a higher 
standard for peripheral intravenous catheter use, both for efficiency 
in insertion and for the ability to reach the end of treatment 
without complications



1 Right Proficient Nurse
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Evidence was reviewed concerning the effectiveness of a 
vascular access specialist (VAS) or vascular access specialist teams 
(VAST) compared with generalist models in terms of peripheral 
IV catheter (PIVC) insertion success and yielded more than 10 
publications including a recent Cochrane Review.6 This success 
included a better than 90% “First (PIVC) Stick Success” rate and the 
overall direct and indirect cost of nursing time from a generalist 
nurse model compared to the Right Proficient Nurse. The proficient 
inserter was referred to as a Vascular Access Specialist or a Vascular 
Access Specialist Team.6

This section of the care bundle had the lowest grade of B-D 
due to lack of randomized studies. The Centers for Disease Control 
listed trained specialists as an infection prevention strategy, 
however, the high-level evidence is still lacking. The focus of 
this component of the PIV5Rights care bundle is to provide the 
patient with a competent, highly trained clinician that leads to fast 
insertion, in the best position, for the most optimal results that lead 
to increased patient safety and cost reduction.

Financially, the impact of the use of the generalist model for 
peripheral catheter insertions represents lost revenue and waste 
in terms of high supply usage with multiple attempts and shorter 
dwell time. The global financial burden for premature PIVC removal 
can be conservatively estimated to range from $9.8 to $17.5 billion 
annually, considering the reported PIVC failure rates of 35%–50%, 
multiplied by the estimated 1 billion PIVCs inserted each year 
worldwide, and by the reported uncomplicated procedure cost 
range of $28–$35.6.7,8 Hospitals are under intense pressure to 
improve the quality of patient care while reducing total cost of 
care. One of the primary strategies to accomplish this is to use 
evidence-based practices to minimize the unnecessary clinical 
variation that regularly occurs with invasive procedures.

EVIDENCE



2 Right Insertion Method

The focus of the Right Insertion Method is that a trained and 
proficient ultrasound inserter with no more than two attempts, 
using aseptic technique and sterile supplies with catheter 
securement will establish the best access device for the patient 
and the best outcomes. Several risk factors contribute to PIVC 
failure related to the insertion and management of catheters. 
Premature PIVC failure rates are reported in the literature ranging 
as high as 50%–81%, with 1 out of 2 failing to reach the end 
of treatment. Specific actions have demonstrated improved 
outcomes for reducing complications and PIVC failure and are 
represented in the 52 publications included as evidence.

Ultrasonographic-guided peripheral intravenous access is 
more successful than traditional ‘‘blind’’ techniques, requires less 
time, decreases the number of percutaneous punctures, and 
improves patient satisfaction in the subgroup of patients who 
have difficult intravenous access.9-11 The first case series showing 
the successful use of ultrasonography to guide peripheral venous 
access in Emergency Department patients was by Keyes et al.12 
They showed a successful cannulation rate of 91%. However, there 
was no control group in their study. A similar success rate of 94% 
was obtained by another observational study. Previous studies 
attempting to address the subgroup of difficult-access patients 
without using ultrasonography used palpation of the deep brachial 
artery to aid in peripheral intravenous cannulation of the brachial 
vein.13 The PIV5Rights study reported a success rate of 96% with 
trained and experienced inserters.5

In the Costantino study, the success rate was greater for the 
ultrasonographic group (97%) versus the control group (33%), 
with a difference in proportions of 64% (95% Confidence Interval 
[CI], 39% to 71%).14 The median total time required from the first 
percutaneous puncture until successful cannulation was also 
significantly less in the ultrasonographic group for a difference 
of 11 minutes (95% CI, 8.2 to 19.4 minutes). The median total 
time from notification by a nurse until successful cannulation 
was less in the ultrasonographic group than in the control group, 
for a difference of 17 minutes (95% CI, 0.8 to 25.6 minutes). 
There were significantly fewer percutaneous punctures in the 
ultrasonographic group (1.7-0.7 vs 3.7-2) than in the control 
group. The non-ultrasound control group had a twofold greater 
incidence of multiple attempts to cannulation in comparison with 
the ultrasound group (95% CI, 1.27 to 2.82). Patient satisfaction was 
three times higher 8.7 (95% CI, 1.82 to 4.29) in the ultrasonic group, 
versus 1.6 (95% CI, 1.82 to 4.29) in the control group. There were no 
significant complications in either group.
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3 Right Vein and Catheter Selection

Using the theory of Vessel Health and Preservation, Right Vein 
and Catheter Selection incorporates evidence-based practices 
for avoidance of points of flexion and selection of catheter size 
and length appropriate for vein depth and size, all facilitated with 
ultrasound-guided vein evaluation prior to selection.9,10 Evidence 
for this component of the bundle with vein and catheter selection 
yielded 22 publications graded A-D.

The initial assessment of the vein includes measurement with 
respect to both the diameter and depth from the skin surface. 
Studies have demonstrated that moderate-depth vessels (0.3–1.5 
cm from the surface) are significantly easier to cannulate than 
vessels that are less than 0.3 cm or greater than 1.5 cm from 
the surface.11,12 Additionally, the Witting study demonstrated 
that vessels greater than 0.4 cm in diameter had a much higher 
success rate than those less than 0.4 cm in diameter.13 While vessel 
diameter has not been associated with length of PIV sustainability, 
vessels less than 1.2 cm from the surface have been correlated with 
significantly longer sustainability of the PIV.12

These studies suggest that larger vessels closer to the surface 
will have the best chance of successful, continued access. After 
measuring the diameter and depth of the vein, its course should 
then be traced with ultrasound to identify the path of the vessel 
in both short and long axis. Short axis will allow the vessel to 
be traced to identify the direction of the vein and ensure that 
it remains straight. Long axis will allow for assessment of the 
presence of valves in close proximity to where the catheter will be 
placed.14 The vessel can be externally marked at the beginning and 
end of the anticipated catheterization path to assist in following 
the track of the vessel. However, external marking has not been 
shown to improve success rates.15

When choosing a catheter length, shorter catheters have been 
demonstrated to have a faster time to cannulation than longer 
catheters. However, longer catheters have a lower risk of catheter 

failure.16 Shorter catheters may not have a sufficient length 
within the actual vessel lumen, thus leading to easier catheter 
dislodgement and early failure of the PIV.17 Longer catheters will 
allow a greater length of cannula to be within the vessel lumen, 
which should maintain the catheter within the vessel regardless of 
patient movement.

When determining which catheter length is necessary, one 
must consider the total distance that the catheter will travel to 
enter the vein, rather than just the distance from the vein to the 
skin surface. This distance is determined using the Pythagorean 
theorem.

Example: Assuming a depth of 2 mm with needle insertion at 
a 25-degree angle, so that the site of the vessel entry is 5 mm past 
the site of skin entry, the provider would actually need to travel 
29 mm to reach the vein. Based upon existing PIV lengths, the 
provider should use a catheter that is 2.5 cm or longer to ensure 
that at least 1 cm of the catheter is securely within the vein.17 The 
table provides a list of recommended catheter lengths based upon 
the distance from the skin surface to the vein.

EDUCATION

1. Assessment/Selection4. Evaluation

3. Management 2. Insertion

• Perform patient outcome audits of  
 complications
• Evaluate staff competency, infection  
 prevention compliance and   
 educational needs
• Establish formal process for 
 product evaluation

• Perform daily assessment of 
 site, device function, securement 
 and dressing
• Use aseptic technique for all access
• Identify, manage and prevent    
 complications
• Evaluate for device necessity; remove   
 when no longer medically necessary

      • Perform by qualified/trained   
         inserter
• Apply aseptic/sterile procedure with   
 maximum barrier precautions for CVADs
• Verify CVAD terminal tip using EKG/x-ray
• Use securement and antimicrobial   
 dressing

• Evaluate patient risk and vein choices
• Select device for therapy and duration
• Validate device specific indications
• Select device size based on vein size
  • Verify number of lumens    
      required

Vessel Health and Preservation Model

B
Pythagorean Theorem

CA

c

b

a
a2 + b2 = c 2

sin A =
opposite

hypotenuse=a–c

tan A =
opposite
adjacent=a–

b

cos A =
adjacent

hypotenuse=b–c
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4 Right Supplies and Technology

Certain devices and supplies have specific advantages and as 
research indicates, they do not function in the same manner. A 
literature review was performed for ultrasound, sterile supply kits, 
catheter type, dressing, and needleless connector. Evidence for the 
Right Supplies and Technology component of the bundle yielded 
47 publications establishing evidence of support graded A-D. The 
goal of the Right Supply bundle component was to use supplies 
that would reduce or eliminate complications. Supplies and 
Technology evidence topic areas for publications include:

• Ultrasound guidance
• IV Start Kit with sterile supplies
• 22g 1.75” over the needle IV catheter
• Antimicrobial Dressing (prevahex™)
• Anti-Reflux Needleless Connector (Nexus -TKO®-6P)

As stated in other sections, ultrasound guidance of peripheral 
catheter insertions is a method shown to increase success with 
difficult venous access patients. As noted under the Right Insertion, 
ultrasound is efficiently used for peripheral and central catheter 
insertions with considerable evidence supporting these practices. 
Sterile supplies and catheters are a requirement for aseptic 
procedures that involve entry into the bloodstream.21-24 Provision of 
the supplies, integrated into a kit, improves compliance, and results 
in reduced infection.24-26

Gaining access into deeper veins with ultrasound requires 
longer catheters that allow an adequate length to reach the vein 
and catheter within the vein.27 Short peripheral catheters used 
with UGPIV insertions are more prone to infiltration and failure.29 
According to the Infusion Nurses Society Standards of Practice 
the smallest gauge catheter should be used that will effectively 
deliver the therapy.22 A 30g 1.75" catheter was used for ultrasound-
guided peripheral IV placement by a proficient inserter and, with 
the application of the care bundle that included Right Catheter, 
reached the end of treatment in 89% of catheters.5

It is well established that chlorhexidine dressings help 
prevent catheter-related bloodstream infections (CRBSI).31,32 Use 
of chlorhexidine impregnated dressings to prevent CRBSIs is 
supported by various guidelines including the CDC Guideline for 
the Prevention of Intravascular Catheter-Related Infections.33

The prevahexCHX™ antimicrobial dressing includes 
chlorhexidine that activates on contact with patient skin, has 
broad-spectrum efficacy against gram-positive and gram-negative 
bacteria and yeasts yielding either equal to or greater than 5.0 log10 
reduction, provides a consistent release of the pure chlorhexidine 
(CHX) from day 1 through day 7, and offers complete antimicrobial 
protection throughout the transparent areas of the dressing.25,34

In addition, the dressing has Zone of Inhibition testing that 
demonstrated rapid bacterial elimination of multiple drug-resistant 
bacterial species both underneath and several millimeters beyond 
the perimeter of the dressing, equal to or greater than other tested 
chlorhexidine dressings. PrevahexCHX™ antimicrobial dressings 
were used on extracorporeal membrane oxygen cannulas to 
prevent central line-associated bloodstream infections (CLABSIs) 
in the CVICU of an academic medical center in Palo Alto, CA. The 

reported results were zero CLABSIs compared to the previous year 
incidence of 15 CLABSIs.6

Occlusion and infiltration are the most common causes of 
peripheral catheter failure.29,35 Flushing to clear occluded peripheral 
catheters often result in infiltration related to the pressure exerted 
to remove the coagulated blood. Reducing reflux with anti-
reflux technology has been shown to be effective in reducing 
complications, extending catheter dwell, and reducing costs 
associated with IV therapy.36 Blood reflux is caused by changes 
in pressure within an intravascular catheter upon connection 
or disconnection of a syringe or IV tubing from a needleless 
connector with variation in different connectors.37,38 Changes in 
pressure, differ with each brand of needleless connector and may 
result in fluid movement and blood reflux that can contribute to 
intraluminal thrombotic catheter occlusions. Bi-directional Flow 
Control is demonstrated in the design of some connectors as the 
ability of a pressure-regulated diaphragm to control blood reflux 
through the intraluminal fluid pathway of an IV catheter caused by 
mechanical and physiological pressure changes within the closed 
IV system.36,39,40 Anti-reflux technology was integrated into the 
bundle as a measure to reduce catheter failure.
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5 Right Care and Maintenance

The care and maintenance phase of vascular access begins 
after insertion and ends with device removal. This period of 
time represents the highest risk as noted by Davis in his 2011 
publication demonstrating time to infection was more likely during 
the maintenance period.41 Even in his subsequent publication his 
concern focused on the increased risk associated with a longer 
dwell time of peripheral catheters.42 The use of care bundles is 
a common infection reduction strategy inclusive of systematic 
catheter assessment, dressing management, evaluation for 
necessity, and education on hand and access site cleansing.43,44

In the Right Care and Maintenance component of the 
PIV5Rights care bundle attention is given to establishing the 
right assessment performed once or twice daily on every patient 
and catheter. More than a simple glance, the assessment criteria 
included the same components as the validated research tool 
used by Alexandrou and Ray-Barruel, integrated into a digital 
application (App).45,46 To validate the assessment of each of the five 
aspects of the care bundle an App was created using a Cloud-
based iPad integration. A photo of the insertion site and dressing 
was collected, and questions answered each day, providing 
confirmation of the full assessment.

Evidence for this component was represented by more than 10 
publications graded A-D.

The aspects of this care bundle component incorporated five 
areas:

	 1.	 Assessment for catheter function, dressing adherence,  
		  and necessity of the device.47

	 2.	 Hub disinfection with passive port protectors and alcohol  
		  wipes between access.48

	 3.	 Pulsatile flushing twice daily per protocol.49

	 4.	 Dressing change at 7 days for all catheters.50

	 5.	 Peripheral catheter (PIVC) maintained by a team until  
		  clinically indicated discontinuation.6

Each of these bundled components was supported by 
published evidence and worked together to establish a 
comprehensive approach to peripheral catheter care and 
maintenance. The greatest value of the PIV5Rights is accountability 
for all the actions.

With the publication of the Steere 2019 PIV5Rights results the components of 
the care bundle provided evidence to support all the practices noted in each of these 
sections.5 While it is impossible to separate which component of the bundle was the 
most important, or to indicate the intrinsic value of individual components, this narrative 
of theoretical methodology and evidence provides the basis for the outcomes of this 
study. One study alone does not establish adequate evidence. More research is needed to 
validate the results and demonstrate the full value of the PIV5Rights care bundle.

Limitations of Investigation 
Cautious consideration for the application of the evidence and any conclusions is 

necessary due to the lack of systematic review and analysis. 
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