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Abstract 

 

Purpose: The purpose of this quality improvement project was to increase the NNPs’ confidence 

levels utilizing ultrasound for PICC line placement to improve first-attempt cannulation success 

rates in PICC line placement using ultrasound guidance in a 12-week period.  

 

Background: The transition from intrauterine to extrauterine life can be difficult for infants who 

are premature, extremely-low-birth-weight, or have any respiratory, cardiac, or gastrointestinal 

abnormalities. These health needs often require prolonged intravenous access. A PICC line is the 

current standard of care in neonates due to its ability to provide long term access, safely deliver 

nutrition, protect the infant’s vessel from medications, and avoid punctures to replace peripheral 

lines.  

 

Sample/Setting: The setting of this project was a level IV NICU in southeast Minnesota. The 

sample for this project was all NNPs who placed a PICC line in an infant in the NICU. 

 

Methods: An educational procedural guideline on the use of ultrasound technology for PICC 

line placement was developed and disseminated to all NNPs. The NNPs received hands-on-

learning with the ultrasound machine and practiced catheterization in training models. Outcomes 

were analyzed through data collection forms by the success and failure rates of PICC line 

cannulation.  

 

Results: During the 12-week intervention period, 16 PICC line placements were reported. Seven 

of the 16 placements utilized ultrasound guidance. There was a 57% overall cannulation success 

rate with ultrasound use. However, of the successful placements, there was a 75% first attempt 

cannulation success rate.  

 

Conclusion: Implementation of the procedural guideline demonstrated the potential impact 

ultrasound guidance can have for PICC line placement. However, additional resources, 

education, and QI initiatives are needed to sustain the continued use of ultrasound and advance 

neonatal practices. 
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Development of Standardized Approach for Ultrasound-Guided Peripherally Inserted  

Central Catheter in Infants in the Neonatal Intensive Care Unit 

Peripherally inserted central catheters (PICC) are essential in the Neonatal Intensive Care 

Unit (NICU). The introduction of PICC lines in Neonatal Intensive Care Units began in 1973 and 

continues to be utilized in the care of neonates (Abdeyazdan et al., 2014). Peripherally inserted 

central catheters provide venous access to the most critical newborns. The use of PICC lines have 

gained increasing popularity in neonates since the first decade of 1980 (Bahoush et al., 2021). 

Despite the history and use of PICC lines in the NICU, line placement can be especially 

challenging in infants who are preterm, extremely-low-birth-weight (ELBW), or small for 

gestational age. Considering these challenges, a standardized approach for using ultrasound-

guided PICC lines can increase first-attempt success rates and allow for timely management and 

care of the newborn. 

 A peripherally inserted central catheter is a thin, flexible tube that is inserted through the 

infant’s peripheral veins of the arms, legs, or scalp and positioned at the larger veins right outside 

the heart. The line is carefully situated in the veins just outside the heart to avoid complications 

such as arrhythmias, pericardial effusions, or pleural effusions (Yu et al., 2018). Peripherally 

inserted central catheters are indicated for infants who are preterm, low-birth-weight, need 

prolonged parenteral nutrition, require fluids and medications with hyperosmolar properties, and 

those who do not have central venous access (Varghese et al., 2021). Diagnoses such as preterm 

birth, infections, birth defects, respiratory diseases, cardiovascular defects, gastrointestinal 

abnormalities, and feeding intolerance all necessitate the need for timely PICC line placement. 

Early line placement allows for safe long-term access and provides optimal nutrition, medication 

administration, and enhances the delivery of care to infants (Varghese et al., 2021).  
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Peripherally inserted central catheter lines is a procedure performed by skilled providers 

including neonatologists, neonatal nurse practitioners (NNPs), and registered nurses (RNs) in the 

NICU. PICC lines are cost-effective in comparison to other central lines due to lower infection 

rates and the convenience and ability of the provider to perform the procedure at the bedside. 

There are approximately two million PICC line insertions per year in newborn and pediatric 

patients (Bergman, 2021). Optimal timing and placement of PICC lines enhance the delivery of 

care and reduce morbidity and mortality in the infant (Pettit & Wyckoff, 2017). The ongoing 

need and use of PICC lines are essential to positive outcomes (Bergman, 2021). The positive 

outcomes associated with PICCs offer a cost-effective central line, minimizes pokes, and allows 

for the interdisciplinary team to manage and care for the high-risk neonate (Pettit & Wyckoff, 

2017). 

The purpose of this quality improvement project was to develop a standardized 

procedural guideline for the use of ultrasound guided technique for PICC line placement. The 

current standard for PICC line placement is through visualization, palpation, and 

transillumination of the vein (Pettit & Wyckoff, 2017). This quality improvement project 

analyzed the success rates of first-attempt cannulation associated with ultrasound guided PICC 

line placement in comparison to standard PICC line placement through visualization and 

palpation. 

Background 

The transition from intrauterine to extrauterine life can be difficult for premature and 

extremely-low-birth-weight infants. In addition, infants with any respiratory, cardiac, or 

gastrointestinal abnormalities may also require additional care. The expected management and 

resuscitation of infants with higher acuity needs is placement of an umbilical venous catheter 
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(UVC) shortly after birth. The UVC is placed by the neonatologist, NNP, or RN and serves as a 

central line to provide nutrition, administer medications, and obtain blood samples. Immediate 

milk based gastrointestinal methods of nutrition is not safe in infants who are extremely-low-

birth-weight or critically ill (Rezapour et al., 2023). Many critical newborns are nothing-by-

mouth status or have slow feeding advancements that require a central line to provide 

supplemental nutrition to optimally meet their nutritional requirements. If long-term vascular 

access is anticipated, a UVC only acts as a short-term solution until a PICC line can be placed. 

Depending on hospital policies and protocols, many umbilical venous lines are removed by day-

of-life seven due to an elevated risk for central line-associated bloodstream infections (CLABSI). 

The Centers for Disease Control and Prevention recommended the use of PICC lines in infants 

who will require more than six days of central line therapy (Pettit & Wyckoff, 2017). 

The development and use of PICC lines have demonstrated advantages over other 

peripheral and central lines, contributing to improved care and management of critical neonates 

(Pettit & Wyckoff, 2017). Peripherally inserted central catheter lines protects the infant’s vessel 

from medication irritants, has the ability for long-term use, safely delivers nutrition, and avoids 

repeated punctures to replace peripheral intravenous (PIV) lines (Pettit & Wyckoff, 2017). Prior 

to placing the PICC line, informed consent detailing the risks and benefits associated with the 

procedure must be obtained from the parents. The complications associated with PICC line 

placement include malposition of the catheter tip, hypothermia, bleeding, central line infection, 

thrombosis, pleural effusion, pericardial tamponade, and phlebitis (McCay et al., 2021). 

Peripherally inserted central catheter guidelines and policies differ between NICUs with 

inconsistencies in evidence-based practices. Variability of policies include patient preparation, 

the healthcare professional placing the line, placement techniques, and line placement 
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confirmation (Sharpe et al., 2017). The National Association of Neonatal Nurses (NANN) 

recommends maximum sterile barrier precautions (hair covering, mask, sterile gown and gloves, 

and sterile towels), preparing the insertion site with chlorhexidine or povidone iodine, and 

confirmation of catheter tip with chest x-ray (Pettit & Wyckoff, 2017).  

Peripherally inserted central catheters have become increasingly popular for central 

venous access in neonates. The National Association of Neonatal Nurses offers standards and 

guidance on PICC line placement procedure (Pettit & Wyckoff, 2017). During PICC line 

placement, the infant is sterilely draped, and the area is cleansed in an aseptic technique (Pettit & 

Wyckoff, 2017). Nonpharmacologic and pharmacologic methods are utilized for pain control 

such as oral sucrose, swaddling, and analgesic agents. The location of PICC line insertion 

includes the peripheral veins of the arms, hands, legs, feet, and scalp of the newborn. The most 

common veins used are the basilic and cephalic veins in the upper extremities and the saphenous 

veins in the lower extremities (Chock, 2004). The right basilic vein in the upper extremities is the 

preferred site because of the direct route to central circulation (McCay et al., 2014). Once the 

location is selected the provider measures the anticipated distance of catheter insertion. The 

NANN recommends that the chosen vein should be optimal in size to accommodate for the 

catheter and to avoid previously punctured veins (Pettit & Wyckoff, 2017). Furthermore, 

insertion at lower extremities can be challenging due to advancing the catheter past the level of 

the femoral fold (McCay et al., 2014). The provider punctures the vein with an introducer and 

monitors for blood return. Once blood return is observed, the provider inserts the pliable catheter 

through the introducer, advances the line to the pre-measured length, and the needle is removed. 

An anterior-posterior and lateral chest x-rays are completed to confirm proper placement of the 
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PICC line. Proper catheter position should be situated in the superior or inferior vena cava 

proximal to the right atrial junction (McCay et al., 2014).  

Significance  

The March of Dimes is a non-profit organization founded to improve the health and well 

being of infants. In 2021, preterm births in the United States occurred in 1 in 10 newborns 

(March of Dimes, 2023). Preterm birth is one of the many indications for PICC line placement. 

PICC lines support the March of Dimes mission statement by providing adequate nutrition via 

intravenous access, administration of medications, and providing long-term access reducing the 

number of pokes to the fragile infant. Infants who are extremely-low-birth-weight or critically ill 

are unable to achieve immediate full volume feedings through the gastrointestinal route 

(Rezapour et al., 2023). PICC lines allow for removal of umbilical venous lines to prevent the 

elevated risk of CLABSIs. Goudie et al. (2014), studied the costs and length of stay associated 

with CLABSI in pediatric patients. The authors found that on average, treatment for a central line 

infection cost $55,000 and extended the average length of stay by 19 days. Furthermore, an 

estimated 1.4 million deaths per year in preterm infants are related to infections, with 14% of 

infections contributing to CLABSIs (Chen & Chiu, 2017).  

The current standard of practice for PICC line placement is through visualization and 

palpation. A study conducted by Sharpe et al. (2013), surveyed 187 healthcare providers who 

placed PICC lines in the NICU. Of the 187 participants, only 13 reported the use of ultrasound to 

facilitate catheter placement (Sharpe et al., 2013). Similarly, an additional study surveyed the 

practices of 156 providers who placed PICC lines. Of the 156 participants, only two providers 

reported using ultrasound to find a suitable vein (Sharpe et al., 2017). The traditional way of 

placing PICC lines, through visualization and palpation is becoming an outdated technique. 
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Advancements in technology have allowed providers to utilize ultrasound to minimize the 

number of excessive stimuli in the neonate. The use of ultrasound-guided imagery provides a 

direct visualization of the vessel. The Agency for Healthcare Research and Quality (AHRQ) and 

Society of Critical Care Medicine have started implementing the use of ultrasound technology to 

assist with PICC line placement (Pettit & Wyckoff, 2017). The significance of utilizing 

ultrasound reduces the amount of time spent on the procedure and reduces number of placement 

attempts by the provider, and therefore resulting in less painful stimuli to the neonate. The 

complications associated with prolonged, or unsuccessful PICC line placement increases costs 

and length of stay for patients and families, further demonstrating the importance of timely PICC 

line placement in the care of neonates. 

Clinical Problem  

Peripherally inserted central catheters are commonly used in the Neonatal Intensive Care 

Unit. Poor visualization, unsuccessful cannulation attempts, and lengthy placement times can 

result in pain, inadequate nutrition and medication administration, hypothermia, higher risk for 

infection with prolonged use of UVC, and a delay in care to the most fragile and acute patients 

(Al Hamod et al., 2016). Nutritional support, medication administration, and long-term venous 

access are all dependent on successful placement of the PICC line. At one large hospital in 

southeast Minnesota, first attempt cannulation success rates were only 51%. 

Purpose/Aims 

The purpose of this quality improvement project is to improve first-attempt cannulation 

success rates in PICC line placement in a level IV NICU through the use of ultrasound guidance 

over a 12-week period. The quality improvement project will disseminate an educational 

guideline among the Neonatologists and NNPs as well as implement a standardized procedural 
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guideline for the use of ultrasound guided PICC line placement in infants in the NICU. This will 

be accomplished by the following aims: 

1. Develop an evidence based procedural guideline for the use of ultrasound technology 

for PICC line placement 

2. Develop, disseminate, and educate NNPs on the procedural guideline  

3. Develop a data collection form to monitor the number of PICC lines attempts, 

success, and failure rates 

4. Evaluate first attempt cannulation success and overall success rates utilizing 

ultrasound guidance by self reporting of NNPs on data collection form. The 

evaluation of this project will be measured by increasing first-attempt cannulation 

success rates from 51% to above 75%.  

5. The NNPs perceived confidence level in using ultrasound technology for PICC line 

placement will be evaluated through a post-implementation survey.  

Review of the Literature 

A literature search using the Cochrane, Cumulative Index to Nursing (CINAHL), and 

Medline databases yielded limited resources related to ultrasound technique for PICC line 

placement in neonates. The initial search filter was restricted to studies completed in the United 

States within the last 5 years. The search was expanded to greater than 5 years and outside of the 

United States to yield more results. The databases searched used the following filters: limited to 

English language, limited to the years 2000-2023, provided full text availability, and not limited 

to any geographical location. Key words used in the search included: peripherally inserted 

central catheter or PICC, education or training, ultrasound, and neonate. The articles were 

reviewed for their potential relevance to ultrasound guided PICC line placement in neonates. 
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Education and Implementation of Training Programs 

Peripherally inserted central catheter placement is one of the most common procedures 

performed in the NICU (Keleekai et al., 2016). Successful practice changes surrounding PICC 

line insertion technique can come to fruition through proper education and training. It is 

imperative that providers are given the tools and resources to successfully utilize ultrasound 

guided methods. A study conducted by Bagley (2022) implemented an ultrasound guided 

education program for critical care nurses. The program consisted of a stepwise education model 

including online training modules, hands-on-training with ultrasound machines, and skills check 

off (Bagley, 2022). The skills check off phase consisted of nurse practitioner or trained 

ultrasound guided peripheral intravenous line nurse supervision to the nurses in training (Bagley, 

2022). The trainees had to perform 10 successful ultrasound guided peripheral intravenous line 

insertions to complete the training. After implementation, the program increased the number of 

ultrasound guided peripheral intravenous line trained registered nurses from 5.8% to 26% 

(Bagley, 2022). Furthermore, one hundred five peripheral intravenous lines were placed by 

ultrasound guidance and had a 97% success rate (Bagley, 2022). Overall, the study demonstrated 

that development of a structured education and training program for ultrasound guided PICC line 

placement is an effective approach to implementation. 

Bhargava et al. (2022) conducted a study to evaluate the success rates of ultrasound 

education on peripheral intravenous line placement in children. The quality improvement 

initiative was evaluated by pre- and post-implementation methods (Bhargava et al., 2022). First, 

the nurses performed 10 peripheral intravenous insertions using the traditional methods of 

visualization and palpation. The nurses then received education regarding the use of ultrasound 

technology in peripheral intravenous line placement. Following the education, the nurses again 
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attempted 10 peripheral intravenous insertions using ultrasound technique. A total of 150 

peripheral intravenous lines (traditional method) and 143 ultrasound guided peripheral 

intravenous lines were attempted. The pre-intervention group, using standard technique, had a 

first attempt success rate of only 47.3% (Bhargava et al., 2022). In comparison, the post-

intervention group, using ultrasound method, had a first attempt cannulation success rate of 

85.9%. The overall success rate in the pre-intervention group in comparison to the post-

intervention was 57.3% and 94.3%, respectively (p<0.001) (Bhargava et al., 2022). The results of 

the study showed that an ultrasound guided PIV curriculum can help successfully implement 

new practices into a unit with improved first attempt cannulation and overall success rates. 

McKinney et al. (2023) developed an education program to implement a standardized 

approach in utilizing ultrasound to obtain intravenous access. The training was provided to 12 

NICU nurses. The education program was didactic and simulation-based, involving pre- and 

post-tests to evaluate knowledge and eventual ability to successfully use ultrasound technique 

(McKinney et al., 2023). The goal of the program was to have all 12 nurses become proficient in 

ultrasound guided intravenous placement. After program implementation, the post-test evaluation 

showed a 25% increase in knowledge in the procedure of ultrasound guided intravenous 

placement (McKinney et al., 2023). In addition, all 12 nurses successfully obtained intravenous 

access at least 80% of the time using ultrasound (McKinney et al., 2023). The results 

demonstrated the capability that potential education programs can have on successfully 

implementing ultrasound usage in the neonatal population. 

Ultrasound Guided Peripherally Inserted Central Catheters 

 Ultrasound technology can be utilized in the placement of PICC lines. Ultrasound guided 

line placement has the potential to increase first-attempt cannulation success rates. A randomized 
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controlled study conducted by Tu et al. (2021), at Chongqing Medical University, compared the 

use of ultrasound guided technique versus the standard method of visualization and palpation. 

The study was composed of 100 neonates, with each patient being randomly assigned to either 

the control group (standard technique) (n=50) or the ultrasound group (n=50). The mean 

standard deviation for gestational age at time of placement for the ultrasound group versus 

control group was 33.1 +/- 2.6 and 32.3 +/- 2.2, respectively (Tu et al., 2021). Furthermore, the 

mean standard deviation for weight for both groups was the same, 1600 +/- 500 grams. Each 

patient required central line access for nutritional support or medication administration (Tu et al., 

2021). The study found that first attempt success rates and overall total success rates were higher 

in the ultrasound group. The ultrasound group had first attempt cannulation success rates of 62% 

and a total success rate of 92% (Tu et al., 2021). In contrast, the standard group had a first 

attempt cannulation success rate of 38% and a total success rate of 74% (Tu et al., 2021). 

Furthermore, the procedure time was shorter in the ultrasound group than the control group, 

351.43 seconds versus 739.78 seconds, respectively (p<0.0001) (Tu et al., 2021). The study 

concluded that ultrasound guided technique is superior to the standard approach in PICC line 

placement regarding first attempt cannulation, overall success rate, and procedure time (Tu et al., 

2021). 

Katheria et al. (2013) conducted a randomized controlled trial comparing ultrasound 

guided technique versus standard technique in PICC line placement. The study aimed to 

determine if ultrasound technique would result in fewer insertion attempts and shorter procedural 

time. Sixty-four patients were originally enrolled in the study, but with 16 failed PICC attempts, 

the study was reduced to 48 infants. Of the remaining infants, 28 were in the standard group and 

20 were in the ultrasound group (Katheria et al., 2013). The mean standard deviation for 
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gestational age and weight were 30 +/- 4 weeks and 1229 +/- 485 grams, respectively (Katheria 

et al., 2013). The study found that ultrasound technique resulted in a lower median number of 

manipulations (0 vs. 1, P=0.032) and significantly decreased the time of PICC placement by 30 

minutes (P=0.034) (Katheria et al., 2013). The study demonstrated that an ultrasound guided 

approach to PICC line placement reduces the number of attempts and procedural time. However, 

additional randomized controlled trials may be warranted due to the unequal number of upper 

and lower extremity PICCs that were placed using ultrasound.  

Al Hamod et al. (2016) found that the use of ultrasound aided in first attempt success rate, 

overall success rate, and decreased procedure duration. Al Hamod et al. (2016), conducted a 

single-center nonrandomized quasi-experimental study evaluating patients from October 2013 to 

June 2014 that required a PICC line. Fifty infants were enrolled in the study. The patients were 

assigned to either the control group (standard approach; n=25) or the intervention group 

(ultrasound-guided; n=25). The infants’ gestational age and birth weights ranged from 27-36 

weeks and 830-2,640 grams, respectively (Al Hamod et al., 2016). The study showed a 64% first 

attempt success rate in the ultrasound group. In comparison, the standard group had a 0% first 

attempt success rate. The number of attempts in the ultrasound group and the standard group 

ranged from 1-2 and 3-7, respectively (p<0.001) (Al Hamod et al., 2016). Lastly, the procedural 

time ranged from 3-10 minutes in the ultrasound group in comparison to 20-50 minutes in the 

standard group (p<0.001) (Al Hamod et al., 2016). The findings of the study found statistically 

significant results supporting the use of ultrasound-guided technique in the placement of PICC 

lines.  

Cost-Analysis of Peripherally Inserted Central Catheters 
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Peripherally inserted central catheters offer safe and effective ways for nutrition and 

medication administration. The traditional approach to PICC line placement is through landmark 

visualization. However, the use of ultrasound guidance in PICC line cannulation has become 

increasingly popular. The benefits of utilizing ultrasound guidance were discussed in detail 

surrounding first-attempt cannulation rates, overall success rates, and procedural duration. 

However, Tan et al. (2016) performed a cost-analysis on the use of ultrasound guided PICC line 

placement. The cost-analysis study was conducted from May 2009 to April 2011 through a 

randomized controlled trial involving 360 patients. All patients needing a PICC line were 

randomly assigned to the control group (standard method) (n=180) or the intervention group 

(ultrasound technique) (n=180). The study utilized a cost-effectiveness ratio (catheterization cost 

divided by the catheterization effectiveness index) when comparing the groups (Tan et al., 2016). 

The catheterization costs included the catheterization, maintenance, and complications. The 

catheterization effectiveness included first-attempt cannulation success and patient comfort (Tan 

et al., 2016). Overall, the intervention group utilizing ultrasound technique had higher medical 

costs. However, after calculating the cost-effectiveness ratio, ultrasound technique was the 

superior option for cost effectiveness due to higher success rate, better self-reported comfort 

level, less bleeding, and fewer complications (Tan et al., 2016). 

Total parenteral nutrition (TPN) and medication administration can be given through a 

PICC line or central venous catheter (CVC). A peripherally inserted central catheter is a 

procedure performed by the provider at the bedside, whereas the placement of CVCs requires an 

operating room, surgeon, general anesthesia, and longer procedural time (Pettit & Wyckoff, 

2017). The cost-analysis comparing PICC lines versus CVC lines includes the provider 

performing the procedure, procedural time, maintenance, the risks, and complications. A study 
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by Comas et al. (2022) conducted an observational retrospective review of electronic medical 

records to evaluate the cost-effectiveness in the use of PICC lines inserted through ultrasound 

guidance versus CVC lines. Comas et al. (2022) analyzed electronic medical records of 484 

patients in a tertiary hospital spanning from January 2018 to December 2019. All 484 patients 

had central lines placed and received TPN. Comas et al. (2022) compared the differences 

between patients who had a PICC line (n=267) versus a CVC line (n=217). The study observed 

infection rates and overall costs associated with each line. Comas et al. (2022) found that 

complication rates due to infection for PICC lines and CVC lines were 1.15% and 2.44%, 

respectively. Although the costs of infection would be the same, the study did not specify the 

provider placing the line or the maintenance of the lines. Furthermore, the average costs 

associated with PICC lines and CVC lines were $243.04 and $991.88, respectively (Comas et al., 

2022). The results of the study showed that PICC lines had lower costs and infection rates in 

comparison to CVC lines.  

Similarly, Horattas et al. (2001) also conducted an observational retrospective chart 

review of cost-analysis in patients who received central venous placement either through surgical 

CVC insertion, PICC line placement, or radiologically inserted peripheral ports. The study 

overviewed a 3-year period between 1995 through 1997 at Akron General Medical Center. 

During that time, there were 684 total attempts at central venous catheter insertion (126 CVC, 

264 PICC, and 294 ports) (Horattas et al., 2001). The study found that severe complications such 

as a hemothorax, pneumothorax, and CLABSI were more common in the surgical group. 

Additionally, the costs were significantly less in the PICC group. The cost analysis demonstrated 

that per procedure, PICCs were $401, CVCs were $3532 to $4296, and ports were $3870 
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(Horattas et al., 2001). The results of the study reinforced that PICC lines are associated with 

fewer complications and are significantly more cost effective.  

Summary of Literature 

The literature search identified informative guidelines and practices related to educational 

programs, ultrasound technology use, and the cost-effectiveness of PICC lines. The literature 

confirmed that education programs can aid in practice changes and support the implementation 

and use of ultrasound technology in the placement of peripheral intravenous lines. Similar to 

education and training programs, the literature supported the use of ultrasound guided technique 

in the placement of PICC lines due to the high level of quality and randomized controlled trials. 

Lastly, the research strengthened the validity regarding the cost effectiveness of PICC lines and 

demonstrated the advantages of PICC lines in comparison to other central lines. The results of 

the literature search overviewing education program dissemination, ultrasound technology use, 

and the cost effectiveness of PICC lines support the purpose of this quality improvement project 

to improve first attempt cannulation success rates in PICC line placements in infants in the 

NICU. 

Conceptual Framework 

The conceptual framework that guided this quality improvement project is the Plan-Do-

Study-Act (PDSA) cycle. The methodology was first developed and presented as the PDCA 

(plan-do-check-act) by Walter Shewhart for quality improvement (White & Zaccagnini, 2017). 

The PDCA cycle was later modified by W. Edwards Demming to the PDSA cycle to focus on 

the analysis of the data (White & Zaccagnini, 2017). The PDSA cycle is composed of a four-step 

continuous approach to assist in practice change (Hall, 2016). During the first step of the cycle, 

the Plan phase, the team identifies an area of need to improve patient care, develops an initiative, 



ULTRASOUND-GUIDED PICC LINE PLACEMENT 

 

17 

and formulates a plan to carry out their project. In step 2, the Do phase, the team implements 

their quality improvement project in the practice setting, gathers information, and makes 

observations. Next, the Study phase, the team analyzes the process change. The team evaluates if 

their change was successful, did not meet expectations, or if any other findings resulted. In the 

last step, the Act phase, the team modifies their quality improvement project based on their 

findings. The PDSA cycle is a continuous evidence-based practice model (Hall, 2016). 

Therefore, after changes are made, the four-step cycle is repeated with the refined project. 

  The Plan-Do-Study-Act cycle was utilized to help guide the quality improvement project 

of standardizing a procedural guideline for the use of ultrasound guided PICC line placement in 

infants in the NICU (Appendix A). First, data collection was compiled on current PICC line 

success and failure rates in the NICU. Next, ultrasound machine education was disseminated 

among the NNP group regarding the functionality and use for venipunctures, peripheral 

intravenous lines, and peripherally inserted central catheters. Following the education and use of 

ultrasound machine for clinical practice, rates of success were collected and documented through 

the data collection form. The neonatal nurse practitioners’ input and perceived confidence levels 

were collected and reviewed. Subsequently, the data collection forms, and neonatal nurse 

practitioners’ confidence levels were reviewed and analyzed. The neonatal nurse practitioners’ 

input, perceptions of the machine, barriers to success, and recommended changes to improve 

success rates were incorporated into ultrasound technology use in PICC line cannulation for the 

next PDSA cycle.  

Methods 

This quality improvement project was initiated by utilizing the PDSA model to improve 

first attempt cannulation success rates in PICC line placement. The objective was to implement a 
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standardized procedural guideline for the use of ultrasound guided PICC line placement in 

infants in the NICU. The project reviewed and analyzed pre- and post-implementation success 

rates of PICC line placement. The NNPs confidence levels were also evaluated after 

implementation of the procedural guideline. An ultrasound machine had already been purchased 

by the facility. The ultrasound machine education and guideline entailed the use and 

functionality of the machine. A powerpoint presentation was created and disseminated to all 

NNPS. In addition, a data collection (Appendix B) form was developed and created to collect 

patient demographics and measure the success and failure of first-attempt cannulation rates. 

After the education was completed, data collection forms were collected every week to assess 

and evaluate success and failure rates. 

Setting, Target Population, and Sample 

The setting for this quality improvement project was completed in a level IV Neonatal 

Intensive Care Unit in southeast Minnesota. This 34-bed level IV NICU consisted of extremely 

premature to full-term infants who needed extensive care and monitoring. The interdisciplinary 

team in the level IV NICU were specialized and experienced in caring for critically ill neonates, 

consisting of neonatologists, residents, NNPs, registered nurses, respiratory therapists, 

pharmacists, lactation consultants, dieticians, and social workers. The population for this project 

were all the NNPs who place a PICC line in an infant in the NICU.  

Instruments/Tools/Measures 

The quality improvement outcomes were measured and evaluated by the success and 

failure rates of PICC line cannulation. PICC line cannulation and placement were reported as a 

successful attempt if centrally located on x-ray confirmation. Failed attempts included the 

inability of the nurse practitioner to position the catheter in central circulation. PICC line 
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attempts, whether successful or unsuccessful, were recorded on the data collection form. The 

data collection forms were collected and evaluated every week. 

The Likert Scale was utilized for pre- and post-implementation surveys for this quality 

improvement project (Appendix C). All respondent answers were kept anonymous. The 

confidence levels of the NNPs utilizing ultrasound technology were measured by a five-scale 

rating system (1 = very unconfident to 5 = very confident). Confidence was defined as a score of 

4 or 5. The post-implementation survey consisted of the same questions, assessing the NNPs’ 

confidence level after education and utilization of the ultrasound machine. 

Data Collection Procedure 

The data collection process entailed collecting and storing data through the data 

collection form and Excel spreadsheet. The data collection form was kept in a folder, locked, and 

secured in a room only accessible to NNPs. The results were aggregated and only the project 

leader had access to the results. The data on the Excel spreadsheet was secured on encrypted, 

protected, and password-locked computers at the hospital. Pre- and post-implementation of first 

attempt PICC line cannulation success and failure rates were tracked and analyzed. Patient 

demographics included gender, corrected gestational age, and weight. No patient identifying 

information was collected. 

Ethical Approval 

This quality improvement project proposal was submitted to Creighton University’s 

(Appendix D) and Mayo Clinic’s Institutional Review Board (IRB) (Appendix E). All patient 

information was kept confidential, and no patient identifiers were utilized in the collection and 

analysis of data. 

Statistical Analysis 
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  The data was analyzed using descriptive statistics. The stored collected data in the Excel 

spreadsheet was analyzed prior to, and after implementation of the quality improvement project. 

Patients were analyzed comparing the success rates of PICC line cannulation using the 

ultrasound machine. 

Results 

Analysis of post-implementation data revealed no improvement in first attempt and 

overall cannulation success rates. Pre-implementation data demonstrated a 51% first attempt 

cannulation success rate in PICC line placement. During the 12-week data collection period, 16 

PICC line procedures were reported. The infants’ corrected gestational age and birth weights 

ranged from 23-40 weeks and 520-3,880 grams, respectively. Of the 16 reported PICC line 

procedures, ultrasound guidance was utilized for seven patients (Table 1). The traditional method 

of transillumination, palpation, and visualization was used for nine patients. The NNPs’ reported 

on the data collection forms that the primary cause for not utilizing ultrasound for cannulation 

was due to insufficient providers on staff. Two NNPs were needed for the PICC line procedure. 

One NNP was needed to operate the ultrasound machine and poke, while the other NNP was 

needed to stabilize the extremity. The busy unit workflow and limited NNPs on staff did not 

allow two NNPs to be occupied for the duration of a PICC line procedure. In the ultrasound 

group, the data collection forms showed a 57% overall cannulation success rate and a 75% first 

attempt cannulation success rate of the successful line placements. In comparison, the traditional 

method had a 67% overall cannulation success rate. The traditional method had a 16% first 

attempt cannulation success rate of the successful line placements. The number of attempts in the 

ultrasound and traditional method ranged from 1-5 and 1-9, respectively. The procedural time 
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ranged from 30 minutes to 3 hours in the ultrasound group in comparison to 45 minutes to 5 

hours in the traditional group (Table 2).  

The pre- and post-implementation surveys assessed the NNPs perceived confidence 

levels utilizing and implementing ultrasound technology for PICC line placement. The surveys 

utilized the Likert Scale to assess confidence levels and was measured by a five-scale rating 

system (1 = very unconfident to 5 = very confident). The pre- and post-implementation surveys 

had a 75% and 55% response rate, respectively. The NNPs were surveyed on operating, 

navigating, and functioning the ultrasound machine (Chart 1). Pre-implementation results 

showed 33% of the NNPs reported that they were either slightly confident or very confident 

operating, navigating, and functioning the ultrasound machine. In comparison, the post-

implementation results, after education and training, demonstrated that 64% of the NNPs 

reported that they were either slightly confident or very confident operating, navigating, and 

functioning the ultrasound machine. Next, the NNPs were asked on their confidence levels in 

placing PICC lines utilizing ultrasound guidance (Chart 2) and their confidence levels in 

successfully placing a line on their first attempt with ultrasound guidance (Chart 3). The pre-

implementation survey revealed that 87% of the NNPs stated that they were either slightly 

unconfident or very unconfident in placing PICC lines utilizing ultrasound guidance, with 100% 

stating that they were either slightly unconfident or very unconfident in successfully placing a 

line on the first attempt with the ultrasound machine. On the other hand, the post-implementation 

survey demonstrated that 64% of the NNPs answered that they were either slightly unconfident 

or very unconfident in placing PICC lines utilizing ultrasound guidance, with 64% also stating 

that they were either slightly unconfident or very unconfident in successfully placing a line on 

the first attempt with the ultrasound machine. 
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The NNPs were also surveyed on their confidence in utilizing the ultrasound machine as 

a new practice method for PICC line placement in comparison to the traditional techniques of 

visualization, palpation, and transillumination (Chart 4). The pre- and post-implementation 

surveys indicated that 67% and 45%, respectively, of the NNPs reported that they were either 

slightly unconfident or very unconfident utilizing the ultrasound machine as a new practice 

method for PICC line placement. Lastly, the NNPs were surveyed on their confidence that 

ultrasound guidance is necessary in placing PICC lines (Chart 5). The pre- and post-

implementation results demonstrated that 40% and 64%, respectively, of the NNPs reported that 

they were either slightly confident or very confident that utilizing ultrasound to place PICC lines 

is necessary. 

Table 1 

 Pre- Implementation 

Traditional Method 

Ultrasound Method 

N 76 7 

Gender   

   Male 

   Female 

40 

36 

4 

3 

Gestational Age (weeks)   

   Mean 

   Range 

29.9 

22-39 

32.4 

26-40 

Weight (grams)   

   Mean 

   Range 

1,607 

420-4,145  

1,798 

890-3,880 

Number of Attempts   

   Mean 

   Range 

1.9 

1-7 

2.4 

1-5 

Procedure Time (minutes)   

   Mean 

   Range 

N/A 

N/A 

75 

30-180 

Success    

   Overall Rate 

   First attempt Success 

93% 

51% 

57% 

75% 
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Table 2 

 

Chart 1 
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Very

Confident

How confident are you operating, navigating, and functioning 

the ultrasound machine?

Pre-Implementation

Post-Implementation

 Post Implementation 

Traditional Method 

Ultrasound Method 

N 9 7 

Gender   

   Male 

   Female 

6 

3 

4 

3 

Gestational Age (weeks)   

   Mean 

   Range 

30.4 

23-40 

32.4 

26-40 

Weight (grams)   

   Mean 

   Range 

1,650 

520-2,830  

1,798 

890-3,880 

Number of Attempts   

   Mean 

   Range 

3.1 

1-9 

2.4 

1-5 

Procedure Time (minutes)   

   Mean 

   Range 

116.6 

45-300 

75 

30-180 

Success    

   Overall Rate 

   First attempt Success 

67% 

16% 

57% 

75% 
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Chart 2 

 

Chart 3 
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Chart 4 

 

Chart 5 
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Discussion 

The quality improvement project was implemented to improve first attempt cannulation 

success rates in PICC line placements in infants. After education and implementation of 

ultrasound use, analysis of the data revealed that first attempt cannulation and overall success 

rates were lower after implementation. The post-implementation data was collected over a 12-

week period. The use of ultrasound for PICC line placement was optional during the quality 

improvement project because the ultrasound method was new and foreign to the NNPs. The 

varying proficiency, skillset, and confidence of the NNPs may have affected the use of 

ultrasound for cannulation. If additional training and time for data collection allowed, the overall 

use of ultrasound and cannulation success rates may have been impacted. The results of the 

project demonstrated the difficulties of applying a new procedural technique into practice. 

Although many of the NNPs considered the practice change was necessary through the pre-

implementation survey, the results of the project were reflective of the difficult transition and 

development of ultrasound use for PICC line placement. Initial education and training on the 

ultrasound machine were required of the NNPs. The following education sessions were optional 

and self-driven, therefore, the skillsets and proficiency were diverse throughout the NNP group. 

Another challenge utilizing ultrasound for line placement essentially required two NNPs, one 

NNP to help stabilize the extremity while the other NNP would navigate the ultrasound probe 

and poke. The unit workflow and limited NNP resources made it challenging to consistently 

utilize ultrasound guidance. An additional difficulty in obtaining results related to ultrasound use 

for line placement was due to the varying confidence levels among the NNPs. Although post-

implementation survey results showed an increase in confidence, the ultrasound method was 

used less than the traditional method for PICC line placement.  
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The review of literature highlighted the success ultrasound guided PICC line placement 

can have on neonates. The studies found increased first attempt and overall total success rates, 

decreased procedural time, and decreased attempts after implementation of ultrasound guided 

technique (Tu et al., 2021; Katheria et al., 2013; Al Hamod et al., 2016). Due to the clinical 

significance of the findings, it would be recommended that the NNPs receive additional training, 

education, and exposure to the ultrasound method to improve confidence levels, increase success 

rates, and ensure positive outcomes. 

Strengths 

  Overall, the quality improvement project was well received by the Neonatal Nurse 

Practitioners. Although the NNPs were not confident in using the ultrasound machine, the NNPs 

felt it was necessary to implement ultrasound guided PICC line placement into their practice. 

Their receptiveness to training, education, and desire to learn helped promote the quality 

improvement initiative.  

The quality improvement project’s initiative to create a standardized approach was the 

first formal exposure and training the NNPs had in utilizing the ultrasound machine for PICC 

line placement. The project was the initial start of the PDSA cycle. Although the ultrasound 

method did not increase first attempt cannulation success rates, the results demonstrated the 

potential ultrasound technology can have on first attempt cannulation success rates. The data was 

encouraging as 75% had first attempt cannulation success rates of the successful line placements. 

By utilizing the PDSA cycle, the NNP group can analyze the results and make improvements for 

the next cycle. With continued improvements and interest from the NNPs, ultrasound guided 

PICC line placement has the potential to become the new standard of practice. 

Limitations 
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The quality improvement project encountered limitations which may have affected the 

findings and results. First, although all neonatal nurse practitioners received hands-on learning 

with the ultrasound machine and training models, the skills and confidence level of each 

practitioner varied. There were no definitive guidelines or protocols guaranteeing that ultrasound 

would be utilized for every PICC line placement therefore the NNP’s skills and confidence may 

have influenced whether ultrasound was used. 

Another limitation of the QI project was the data collection process and reporting of 

PICC line placements. The data collection forms were completed and self-reported by the NNPs. 

Due to self-reporting, there may have been inaccuracies and under reporting of PICC line 

procedures, further affecting the success and failure percentages. The results of the QI project 

may not have demonstrated the effectiveness of utilizing ultrasound for PICC line placement due 

to the limitations of the data collection process. 

Implications for Future Research 

The purpose of this quality improvement project was to improve first attempt cannulation 

success rates in PICC line placement. Although the findings from this QI project did not increase 

success rates, the study demonstrated the vast potential ultrasound technology can have in the 

NICU. In addition to PICC line cannulation, ultrasound can assist in placement confirmation. 

The gold standard for PICC line placement confirmation is through chest x-ray. There are studies 

that have demonstrated safety, reliability, specificity, and sensitivity using ultrasound technology 

to locate PICC line position (Doyle et al., 2022; Telang et al., 2017; Grasso et al., 2021). 

Ultrasound technology has made significant progress in the neonatal population. Through 

continuing ultrasound utilization and advancements, ultrasound guided PICC line placement and 

confirmation have the potential to become a standard of care in our NICUs.  
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Conclusion 

Peripherally inserted central catheter lines are the standard of care for neonates who need 

long term venous access. PICC lines safely deliver nutrition, protect the infant’s vessel from 

medications, and avoid repeated punctures to replace peripheral lines. The quality improvement 

project was set to improve first attempt cannulation success rates in PICC line placement. 

Although the project did not increase success rates, the results demonstrated that ultrasound 

guided PICC line placement can be essential in the care and management of neonates. Additional 

resources, education, and quality improvement initiatives are needed to advance neonatal 

practices. Implementing ultrasound guidance as the standard of practice for PICC line placement 

has the potential to increase cannulation success rates and improve outcomes. The continued use 

of ultrasound technology will improve confidence levels and increase success rates to 

demonstrate the significance of supporting ultrasound guided PICC line placement.  
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Appendix A 
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PICC line placement

Act
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Appendix B 

Data Collection Form 

1.) Gender 

2.) Corrected Gestational Age 

3.) Weight 

4.) Successful or Unsuccessful 

5.) Was the ultrasound machine used for PICC line placement? If no, why not? 

6.) Number of attempts 
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Appendix C 

Survey 

Indicate your confidence level with the following situations using the scale below 

1 – very unconfident 

2 – slightly unconfident 

3 – neither confident nor unconfident 

4 – slightly confident 

5 – very confident 

1.) How confident are you in placing PICC lines without the aid of an ultrasound machine? 

     1                        2                       3                       4                        5 

2.) How confident are you in placing PICC lines without the aid of an ultrasound machine on the 

first try? 

     1                        2                       3                       4                        5 

3.) How confident are you in using the ultrasound machine to identify veins in the neonate? 

     1                        2                       3                       4                        5 

4.) How confident are you operating, navigating, and functioning the ultrasound machine? 

     1                        2                       3                       4                        5 

5.) How safe do you feel using the ultrasound machine on neonates for PICC line placement?  

     1                        2                       3                       4                        5 

6.) How confident are you in placing PICC lines utilizing the ultrasound machine? 

     1                        2                       3                       4                        5 

7.) How confident are you in placing PICC lines utilizing the ultrasound machine on the first 

try?  

     1                        2                       3                       4                        5 

8.) How confident are you utilizing the ultrasound machine as a new practice method for PICC 

line placement in comparison to the traditional techniques of visualization, palpation, and 

transillumination 

1                        2                       3                       4                        5 

 

9.) How confident are you that using ultrasound to place PICC lines is necessary 

1                        2                       3                       4                        5 
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From: Betsy Dancisak betsydancisak@creighton.edu 

Subject: ACKNOWLEDGED Submission #2004281-01 

Date: August 30, 2023 at 8:31 AM 

To: Brandon Vuong BrandonVuong@creighton.edu 

 

To improve turnaround times for investigators, the IRB is transitioning from hardcopy (PDF) to 

electronic (email) determination letters. If you need a hardcopy determination letter (to provide 

to a sponsor, grant funder, or outside IRB, etc.) please notify the IRB by sending an email to 

IRB@creighton.edu. To ensure prompt attention to your request, please use “Request for 

Hardcopy Determination Letter for Protocol 200XXXX” in the subject line of your email 

and include the complete protocol number for your study. Unless you request a hardcopy for 

your submission from the IRB, the communication below will serve as documentation of IRB 

review and determination. You may save a copy of this email as a PDF and retain it with your 

study file as necessary. 

 

DETERMINATION DATE: 30-Aug-2023 

TO: Brandon Vuong 

FROM: Biomedical IRB 

PROJECT TITLE: Development of Standardized Approach for Ultrasound-Guided Peripherally  

Inserted Central Catheters in Infants in the Neonatal Intensive Care Unit 

 

REVIEW CATEGORY: External Review 

RISK LEVEL: Minimal Risk 

SUBMISSION #: 2004281-01 

SUBMISSION TYPE: Initial 

REVIEW METHOD: Administrative 

DETERMINATION: Acknowledged 

 

Thank you for your submission of the Initial Application materials for this project. 

 

Creighton University IRB acknowledges the Mayo Clinic IRB’s QI determination of this project. 

 

You have satisfied all the conditions required by the Creighton University Institutional External 

Review policy and therefore you may proceed with this study without Creighton University IRB 

oversight. 

 

If you have any questions, please contact the IRB Office at 402-280-2126 or email at 

irb@creighton.edu. Please include your project title and number in all correspondence with the 

IRB. 

 

 

 

mailto:BrandonVuong@creighton.edu
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Appendix E 

Date: 8/19/2023  

From: Mayo Clinic Institutional Review Board  

Re: Development of Standardized Approach for Ultrasound-Guided Peripherally Inserted Central 

Catheters in the Neonatal Intensive Care Unit  

To: Brandon Vuong  

 

The Mayo Clinic Institutional Review Board (IRB) acknowledges that based on the responses 

submitted for this new activity through the Mayo Clinic Quality Improvement Wizard tool, and 

in accordance with the Code of Federal Regulations, 45 CFR 46.102, the above noted activity 

does not require IRB review.  

Other Federal, State and local laws and/or regulations may apply to the activity. This activity 

may be reconsidered for submission to the IRB if any changes are made.  

The Project Leader is responsible for the accuracy and reliability of the information submitted 

through the Quality Improvement Wizard tool, for following all applicable Federal, State and 

local laws and/or regulations, and is also responsible for submitting research studies to the IRB 

when required.  

 

Your responses to the Quality Improvement Wizard, listed below, indicate that the project is a 

Quality Improvement activity not requiring IRB review.  

1. Does the project involve the prospective evaluation of a drug, device or clinical procedure that 

is not currently approved by the FDA for general use (including "offlabel" indications)? NO 



ULTRASOUND-GUIDED PICC LINE PLACEMENT  41 

2. Has the project received funding (e.g. federal, industry) to be conducted as a human subjects 

research study? NO  

3. Will any project activities take place outside of Mayo Clinic? NO  

4. Does the project involve prospective assignment of patients to different procedures or 

therapies based on a predetermined plan such as randomization? NO  

5. Will the project occur regardless of whether individuals conducting it may benefit 

professionally from it? (If you couldn’t publish would you still do it?) YES  

6. Is this project designed with the intent to contribute to generalizable knowledge? In other 

words, is the primary intent to contribute to the field of study and benefit other researchers? NO 

7. Is the primary intent of the project to specifically improve an institutional process with the 

intent of the conclusions to be most directly applicable to Mayo Clinic? YES  

8. Will patients or personnel be exposed to additional discernible risks or burdens beyond those 

of standard of care? NO  

 

Should you have questions regarding the outcome of this submission, please contact the IRB 

Knowledge and Navigation through the Research Service Center at 6-4000  

Mayo Quality Academy provides quality improvement education across the enterprise. 

Resources for publication of quality improvement projects may be found at: Office of QI 

Scholarship >> SQUIRE (Standards for Quality Improvement Reporting Excellence) 
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