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Abstract
Purpose: To educate and improve nursing knowledge on central line occlusion management and occlusion prevention in order to promote safe, high quality standardized care for pediatric patients with central venous lines. 
[bookmark: _Hlk38410923]Background: Central venous lines (CVLs) are the main source of intravenous access in pediatrics and are used a variety of medical treatments and therapies. One of the major CVL complications is occlusion. Due to a higher risk of central venous line occlusion in the pediatric population and a lack of standardization of care for occlusion management, there is a gap in nursing knowledge related to the non-pharmacological and non-invasive interventions available. 
Sample/Setting: Retrospective chart reviews were collected from the inpatient and outpatient setting. Nursing surveys were sent to nurses from a 145-bed midwestern pediatric hospital. Nursing education on CVL occlusion assessment and prevention was provided and evaluated for efficacy and knowledge gain. 
Methods: A retrospective chart review was completed to assess tPA use, success, and which type of CVL were prone to an occlusion or tPA failure. A nursing perception survey focusing on the organization’s current CVL occlusion management process was given to staff. Utilizing evidence-based practice, nursing staff was provided with education on CVL occlusion management and prevention.and were surveyed prior to and following education.
Results: Patients under the age of 3, requiring critical care, or with a cardiac diagnosis were most likely to develop a CVL occlusion requiring tPA administration, 30% of which were unsuccessful. Education for nursing improved knowledge growth and retention in all areas of education. 
Conclusion: There continues to be a need for a standardization of central venous line occlusion management, which was support by the nursing perception survey. Education for nursing staff, especially in intensive care units, will be vital to improve care and management for CVL occlusions as the protocol moves forward with full implementation. 
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Evaluation of Nursing Education on Central Venous Line Occlusion Prevention and Management in Pediatrics
Introduction
Central lines (CVLs) are the main source of intravenous access in pediatrics and are used for the infusion of a variety of medical treatments and therapies in both inpatient and outpatient settings. One of the major complications of CVLs is occlusion of the catheter. Occlusions can lead to delay in therapies, bloodstream infections, and thrombus, which can result in pulmonary embolisms, strokes, and other adverse effects. With the improvement and advancement of medicine and care of children with critical and life-threatening illnesses over the past decade, the pediatric population is experiencing prolonged survival rates. This also results in the increased use and longevity of CVLs, as well as catheter related thrombosis.
[bookmark: _Hlk20469087]Recombinant tissue plasminogen activator (tPA) or alteplase is the current standard treatment for CVL occlusions. However, it can be expensive and although it has good efficacy and safety, tPA does not always restore patency to CVLs. This results in treatment delays and potentially greater costs and risks if another CVL is needed, requiring children to undergo an additional surgical procedure to replace the failed CVL. Currently, there is no standardized process for the management or prevention of CVL occlusions. Education for nursing staff caring for and utilizing CVLs is essential in order to ensure safe, high quality care and the continued use and benefit of CVLs for the pediatric population. 
Background
CVL occlusions are a common complication occurring in 14-36% of pediatric patients within 1-2 years of placement (Doellman et al., 2015; Hill et al., 2013). Additionally, studies have shown that about 25% of pediatric CVLs fail before completion of therapy (Ullman, Marsh, Mihala, Cooke, & Rickard, 2015). This results in a significant impact on health care. One study of 50,000 patients in a home health setting showed that occlusions resulting in delay of medication or nutrition was due to loss of patency (43%), device replacement (29%), device removal (14%), emergency room visits (9%), and unscheduled hospital visits (6%) (Hill et al., 2013). Additional factors for CVL complications may also include the patient’s diagnosis, severity of illness, the frequency of CVL accesses, and differences in catheter type, size, and care (Doellman et al., 2015). However, many of the mechanisms that result in CVL failure are preventable (Ullman et al., 2015). 
Mechanical and chemical occlusions account for 42% of CVL occlusions, and the remaining 58% is due to thrombotic occlusions. These can also result in a central line associated blood stream infection (CLABSI), which can be a life-threatening complication (Hill et al., 2013). A CLABSI is defined as a confirmed bloodstream infection that develops 48-hours or later after the placement of a central line and is not related to an infection at another site. CLABSIs are one of the costliest healthcare acquired infections, costing about $46,000 per infection (Haddadin & Regunath, 2019). The occurrence of a CLABSI also increases the risk for a catheter related thrombosis (Hill et al., 2013).
It is more cost effective and efficient for patients and the organization to be able to restore and maintain patency of CVLs, as opposed to device removal, repair, or replacement. This allows for less interruptions in medication or nutrition delivery, as well as a reduced risk for further complications or trauma to the patient that may result from additional surgical procedures (Hill et al., 2013; Ullman et al., 2015). Surgical complications that may result from the re-insertion of a CVL include pneumothorax, arterial puncture, hemorrhage, and arrythmias (Ullman et al., 2015). Furthermore, the more CVLs a child has had increases the complexity of further CVL insertions and can result in further venous damage or insufficiency (Ullman et al., 2015). According to the Canadian Vascular Access Association (2013), the cost of CVL replacement can cost between $200-$1,500 plus the cost of supplies and staffing costs, as compared to about $65 for the cost of thrombolysis (Hill et al., 2013). Baskin et al. (2012) also notes that the cost for the most common thrombolysis medication, Alteplase (tPA), can cost upwards of $80-$116 for a 2 mg vial, with normal doses for children 0.25-2 mg depending on the size of the patient. 
CVLs are an important aspect for infusion therapy in a variety of medical settings, including in the pediatric setting. Types of central lines used in the pediatric population include peripherally inserted central catheters (PICCs), Hickman, Broviac, internal jugular, ports, hemodialysis catheters, and subclavian lines. (Hill et al., 2013; Ullman et al., 2015). Commonly, PICCs are placed in smaller vessels in the upper arm or femoral vein and extend to the superior vena cava (SVC). Other CVLs are inserted in larger vessels and have a shorter overall length to extend to the SVC (Kanin & Young, 2013). CVLs are routinely used to administer IV medications, blood products, nutrition, and fluid solutions to children who are already vulnerable to complications due to their underlying health conditions (Hill et al., 2013; Ullman et al., 2015,). However, CVLs are also related to complications that can lead to additional medical problems if not the complications are not quickly resolved. According to Doellman et al. (2015), PICC lines have about a 27% complication rate in the pediatric population. Complications include occlusion, migration, thrombosis, and infection. 
Well-functioning CVLs flush easily and have free-flowing blood return. Due to smaller catheter sizes, smaller lumen volumes, and slower infusion rates in the pediatric population, the risk for occlusion is much greater than in the adult population. Conversely, a dysfunctional CVL is one that has a complete or partial occlusion or has sluggish blood return. A complete occlusion indicates that there is an inability to flush or aspirate blood from the line, while a partial occlusion indicates the ability to flush the line, but blood is not able to be aspirated. A sluggish CVL indicates the line is either difficult to flush or has slow or intermittent blood return. Occlusions can occur gradually, intermittently, or acutely and cause interruptions in therapy, delay in discharge, or the addition of a procedure if the catheter needs to be replaced (Doellman et al., 2015). 
	 Occlusions can be categorized as thrombotic or non-thrombotic. Thrombotic occlusions have a thrombus in or around the catheter or vessel wall that disrupts flow from the catheter. These account for most catheter occlusions and include an intraluminal thrombus, fibrin sheath, fibrin tail, or a mural sheath. It is important to note that CVLs are a foreign body within the vessels, thus as soon as CVLs are inserted the coagulation cascade begins. This can result in the formation of a thrombus within 24 hours of placement (Hill et al., 2013). Platelets and white blood cells attach to the catheter and begin to aggregate, forming the fibrin strands that cause partial and complete occlusions and also allows for bacterial colonization (Hill et al., 2013; Doellman, 2017; Pierce, Wade, & Mok, 2000). Additionally, the presence of the fibrin attachments can result in vessel irritation that can be further triggered by the traumatic insertion of the catheter, a large needle, rapid catheter threading, catheter tip malposition, or inadequate catheter to vessel size ratio (Doellman et al., 2015).  
Non-thrombotic occlusions, or mechanical occlusions, are due to a kink or clamped catheter or tubing, connection malfunctions, port needle dislodgement, catheter tip malposition, or precipitates in the lumens. An intraluminal thrombus is described as an accumulation of fibrin and blood components resulting in a complete or partial occlusion, or sluggish flow (Doellman et al.,2015; Hill et al., 2013). Fibrins sheaths can develop around the catheter at the catheter tip and can inhibit the ability to aspirate blood from the CVL. Additionally, it can also lead to retrograde flow of the infusing fluids along the vessel into the subcutaneous tissue if there is a gap within the sheath, resulting in an extravasation or infiltration depending on the type of infusing fluid. A fibrin tail is caused by the accumulation of fibrin and blood cells at the tip of the catheter. Flushing or infusing fluids into the line pushes the tail away from the tip but will collapse over the catheter tip and obstruct flow when attempting to aspirate from the line. The presence of this fibrin can also be a medium for bacterial growth. A mural thrombus occurs on the vessel wall and is the result of irritation of the catheter or infusing medication. This can lead to a partially occluded CVL as well as a thrombosis. Many times, with multi-lumen CVLs the decision is made to leave the occluded lumen untreated. However, this is not recommended, as the formation of a fibrin also leads to an increased central line associated bloodstream infection (CLABSI) risk (Doellman et al., 2015; Hill et al., 2013.). 
	Ideally, the CVL catheter tip should lie in the lower one-third of the superior vena cave (SVC) near the cavo-atrial junction or above the diaphragm in the inferior vena cava (IVC) for CVLs originating from femoral, saphenous, or translumbar access to have the lowest occlusion and thrombosis risk (Hill et al., 2013). However, the more distal the catheter tip is, the higher the risk for occlusion. For example, CVLs catheter tips that lay within the SVC are more prone to occlusion than those with the catheter tip in the right atrium or cavo-atrial junction (Baskin et al., 2012). Since CVLs are partially outside of the body as well, failure can result due to dislodgement of breakage (Ullman et al., 2015). Occlusions within totally implanted devices occurs less often than CVLs with external catheters (Ullman et al., 2015; Baskin et al., 2012). Occlusions also occur more frequently in CVLs with multiple lumens (Baskin et al., 2012).
	Before 1999, urokinase was considered the standard choice of treatment for CVL occlusions (Jacobs, Haygood, & Hingel, 2001; Choi et al., 2001). It was at this time that the Food and Drug Administration (FDA) stated there were issues with its manufacturing in the United Kingdom, leading to its inaccessibility to United States providers. This resulted in providers looking for other means of treatment for CVL occlusions (Jacobs et al., 2001; Choi et al., 2001).
Tissue plasminogen activator (tPA) is a serine protease and a key enzyme utilized to dissolve blood clots. It largely functions to accelerate the conversion of plasminogen to plasmin, the principle enzyme involved in breaking up blood clots. tPA works by attaching to the fibrin on the clot surface, then activates the fibrin-bound plasminogen. The plasminogen is converted into plasmin, which is cleaved from the plasminogen on the fibrin (Jilani & Siddiqui, 2019). The plasmin then acts to break up the fibrin, ultimately dissolving the clot. Due to improved recombinant biotechnology, tPA is now lab created and has been modified to prolong its half-life and increase the fibrin specificity. tPA is used for the treatment of ischemic strokes, myocardial infarctions, pulmonary embolisms, and thrombolysis of deep vein thrombosis and CVL occlusions. It is now the standard for the treatment of occlusions in CVLs (Jilani & Siddiqui, 2019).
Evidence-based practice has determined that tPA for the pediatric population is both safe and effective for CVL occlusion treatment. For patients less than 30 kg, 110% of the lumen volume of tPA is instilled, but is not to exceed 2 mg/2 mL. Patient who weight 30 kg or more should have 2 mg of tPA instilled into their CVL. After 30 minutes of dwell time, the CVL should be assessed for patency and blood aspiration. If unsuccessful, the tPA can dwell for up to two hours before requiring a second dose and repeating the process. If patency is restored, 3-5 mL of blood should be aspirated in order to fully remove the tPA before flushing the lumen with 0.9% normal saline (Jilani & Siddiqui, 2019).
Significance
	Currently, there is no national data on the rate of central line occlusion, as it is not a reportable complication. Furthermore, there is also no standardized national guideline or clinical guidelines that have been developed for the monitoring of such complications. However, CVL occlusions are a known cause of a CLABSI, thus it is an important aspect for CLABSI prevention. 
	In 2008, the Agency for Healthcare Research and Quality funded a four-year national effort, in partnership with the U.S. Department of Health and Human Services, to reduce CLABSIs with the “On the CUSP: Stop BSI” project. CUSP stands for Comprehensive Unit-based Safety Program, with BSI standing for blood stream infection. This program was designed to enhance unit safety culture throughout hospitals with the main goal of reducing CLABSIs to 1 per 1,000 central line days (AHRQ, 2012). The results of this national effort continue to show throughout hospitals nationwide. 
Healthy People 2020 also has an objective that aims to reduce central line-association blood stream infections (HAI-1) (ODPHP, 2016). This will indirectly be a part of the focus of this project, as reducing the number of occluded CVLs may also help decrease the amount of CLABSIs as well. 
Additionally, a study by Goudie, Dynan, Brady, and Rettiganti (2014) within a pediatric inpatient setting determined that patients who developed a CLABSI had an average of a 19-day increased in length of stay, as well as an added $55, 646 cost for their care. This shows that continued attention and education on CLABSI-preventative care initiatives within the pediatric population continues to be of importance (Goudie et al., 2014)
The Canadian Vascular Access Association, Children’s Hospital of Chicago Medical Center, and Children’s Hospital of Wisconsin have developed protocols for CVL occlusion management. Utilizing aspects and modifications from each of these protocols, a new protocol was developed for this project. These protocols provide a stepwise process in the event of a possible occlusion (Hill et al., 2013; Rae & Fleming, 2018; Wisconsin Children’s, 2018). However, these algorithms are not utilized on a larger, national scale. 
At the selected hospital for this project, there is no clinical protocol in place for central line management. The policy related to CVL occlusions details how to administer the thrombolytic, which is currently tPA. Once tPA is ordered there is an algorithm to follow, but the steps to help prevent or to take before the administration of the drug therapy is not provided (CHMC Omaha, n.d.).
Clinical Problem
Due to a higher risk of central venous line occlusion in the pediatric population and a lack of standardization of care for occlusion management, there is a gap in nursing knowledge related to the non-pharmacological and non-invasive interventions available. Thus, nursing education focused on central venous line occlusion management and prevention is necessary. 
Purpose & Aims
Initial Purpose 
The initial purpose of this quality improvement project was to develop a clinical protocol that aids in central line occlusion management in order to standardize central line occlusion maintenance in the pediatric population in a midwestern pediatric hospital. A central venous line occlusion management protocol was developed using similar protocols that are currently implemented at other institutions, namely the Canadian Vascular Access Association, Children’s Hospital of Chicago Medical Center, and Children’s Hospital of Wisconsin. These protocols were modified by the primary investigator with the assistance of the hospital’s Vascular Access Oversight Committee to produce the final protocol (see Appendix A). However, lack of evidence and data on other pharmacological interventions from medical device manufacturers prevented the protocol to move forwards towards implementation. 
Final Purpose
The revised purpose of this project was to educate and improve nursing knowledge on central line occlusion management and occlusion prevention in order to promote safe, high quality standardized care for pediatric patients with central venous lines. Fortunately, despite the refocusing of the purpose of this project, the aims remained the same and were accomplished by the following: 
1. Conducted a retrospective chart analysis of how often tPA was being used and the outcomes when a central venous line (CVL) occlusion occurred in a midwestern hospital from August to September 2019. In order to make the best evidence-based treatment proposal, current literature was also be reviewed to determine evidence-based strategies. 
2. Evaluated nursing staff’s workflow concerns, knowledge, and barriers regarding current central venous line occlusion management procedures. 
3. Evaluated nursing staff’s knowledge on CVL occlusion assessment of mechanical obstruction and occlusion prevention techniques before and following education. 
4. Educated nursing staff through face-to-face teaching and an emailed presentation on assessment of mechanical CVL obstruction, as well as occlusion prevention techniques. 
Literature Review
Uses for Pediatric Central Lines
	There are many types of central lines and all are used to administer a variety of medications, fluids, nutrition, and blood products. A 2008 study by Valentini, Geary, and Chand surveyed ten hemodialysis centers and found that 73% of the patients used a CVL for venous access versus other means, such as a peripheral intravenous catheter or arteriovenous fistulas. For hemodialysis specifically, CVLs are the most common form of dialysis venous access. Furthermore, this study also identified that in 46% of the patients studied there was some form of CVL dysfunction, including reduced blood flow or frequent infusion alarms, and 16 of the patients required treatment for suspected CVL occlusions or clots. The primary form of clot management in this study was found to be the administration of tPA (Valentini et al., 2008). 
	Miller et al. (2013) studied the type of central line best used for pediatric cardiothoracic surgery patients that resulted in least amount of complications, such as thrombosis or stenosis of the corresponding vessel. This study found that upper body central lines, specifically internal jugular and subclavian central lines resulted in no upper body central venous stenosis or thrombosis with the placement of the previously mentioned CVLs. It is important to note that in this study the CVLs had a median duration of 4.2 days (0.7-8.2 days in older children and 0.3-19.3 in infants less than 1 year of age) (Miller et al., 2013). 


Obstructions and Occlusions in Central Lines
	In 2015, Ullman et al. reviewed 74 studies on the incidence of CVL complications and failures in pediatrics. This review indicated that approximately 25% of CVLs fail before its intended end of therapy, occurring at a rate of 1.97 per 1000 catheter days. The review also looked at which type of CVLs had the highest and lowest rates of failure. This showed hemodialysis catheters and PICCs had the highest failure rates, and totally implanted devices had the lowest failure rates. The review also looked at rates of specific types of complications, such as occlusion, thrombosis, blood stream infection, breakage, phlebitis, and catheter migration. This indicated that tunneled CVLs and hemodialysis catheters had the highest rate of occlusion, at 12.1% and 11.1%, respectively. However, umbilical catheters showed the lowest rate of occlusion at 0.2%. The review also subcategorized which age group and patient setting had the highest of failure in PICCS, which demonstrated that in the neonatal period, as well as inpatient setting, had the highest rate of failure (Ullman et al., 2015). 
	Vidal, Sharathkumar, Glover, and Faustino (2014) sought to determine the rate of CVL-related thrombosis in the pediatric population as well as the effectiveness of thromboprophylaxis by completing a systemic review of 37 studies. Around 85% of deep vein thrombosis (DVT) in children is due to the presence of a CVL. The authors also noted that children can commonly have asymptomatic DVT, which still puts them at risk for the adverse effects of pulmonary embolism, strokes, bloodstream infections, and loss of venous access. The studies reviewed by the authors included 14 studies that looked solely at neonatal patients, while the remainder included children of varying ages. Additionally, 21 of the studies involved critically ill patients Thromboprophylaxis treatment was also reviewed and included heparin bonded CVLs, unfractionated heparin, low molecular weight heparin, warfarin, antithrombin concentrate, and nitroglycerin. In the review, the authors found that nearly 20% of children with a CVL had a related thrombosis and thromboprophylaxis treatment did not reduce thrombosis occurrence. The authors also noted there was no difference in thrombosis frequency between upper or lower extremity CVLs. The review also showed thrombosis was less likely in umbilical CVLs and PICCs (Vidal et al., 2014). 
	In 1997, Tobiansky et al. compared CVL complications in pediatric patients with and without cancer, as well as success rates for correcting the complications. The study looked at 98 patients over the course of a year, 63 of which were diagnosed with cancer. The non-cancer patients had diagnoses that ranged from endocarditis, meningitis, neonates, infected shunts, sepsis, burns, renal conditions, Crohn’s, chylothorax, AIDS, and hemophilia. Of the patients diagnosed with cancer, nine required a second CVL to be placed, while five of the 35 non-cancer patients required a second CVL. Types of CVLs used in this study included Cook, Hickman, Broviac, Harbor, and ports, and remained in place for 3-924 days, with an average of 211 days. The authors noted that when the CVLs were not in use, they were heparin locked. Complications that were found to have occurred were infections, occlusions, fractured lines, and dislodgements. Occlusions occurred in 17% of cancer patients and 15% of non-cancer patients, and 11% of the cancer patients required a line removal due to occlusion compared to 12.5% of non-cancer patients (Tobiansky et al., 1997)
	Kanin and Young (2013) compared thrombosis rates between tunneled CVLs and PICCs to seek the reason for increased DVTs in children with CVLs. In this study, the authors combined Hickman, Broviac, and ports and labeled them as tunneled CVLs. They also note that PICCs are viewed as more “benign” than tunneled lines, thus being thought of as having less complications. The study was conducted over the course of seven years and included a range of diagnoses. This study found that there was a 68% increased of DVTs in patients when comparing 2005-2008 to 2009-2012. However, the rate of DVTs occurred in PICCs and tunneled CVLS at 2.5% and 3%, respectively. The authors also noted that the higher rate of thrombosis in tunneled CVLs is likely due to the use of chronic total parental nutrition (TPN), which is known factor for increased DVT risk (Kanin & Young, 2013).
	 In 2013, Fallon et al. looked at if the placement location of totally implanted CVLs, specifically Port-A-Cath, affected their complication rates. Specifically, this study looked at if placement directly beneath the clavicle versus below the inframammary line on the medial or lateral chest wall showed any significant difference in complication rates. Previously reported complication rates ranged from 5-31% and included complications such as embolism, extravasation, and infection. It is also important to note that totally implanted CVLs usually have a longer in situ time than other CVLs. Complications included in this study were migration, infection, occlusion, leak, and reservoir flip. The study found that subclavicular CVLs had a 20.4% complication rate, lateral inframammary CVLs had a 44.6% complication rate, and medial inframammary CVLs had a 17.4% complication rate, resulting in an overall complication rate for all CVLs of 30.6%. Occlusion occurred in 4.2% of subclavicular CVLs, 6.0% of lateral inframammary CVLs, and 6.5% of medial CVLs. The most common complication for all CVLs in the study was infection for subclavicular CVLs (10.1%), migration for lateral inframammary CVLs (32.1%), and migration and occlusion in medial inframammary CVLS (6.5% each). The study found that the lateral inframammary CVL had the highest overall rates of complication likely due to increased catheter length, excessive movement in the pectoralis and serratus muscle, and increased elasticity in the subcutaneous tissue pocket (Fallon et al., 2013). 
	Most recently, Jones, Butt, Monagle, Cain, and Newall (2019) studied the outcomes of asymptomatic catheter related thrombosis in critically ill children to determine their overall frequency. As previously stated, catheter related thrombosis can result in catheter occlusion, loss of venous access, pulmonary embolism, and stroke. In this study, patients who had a subclavian or femoral CVL for greater than 24 hours had ultrasounds at or near the site of insertion within 72 hours after placement or before discharge and again at a two-year follow-up appointment. Results were blinded unless the patient started to show signs of thrombosis in order for the patient to receive necessary treatment. Approximately 22% of the 146 studied patients had symptomatic or asymptomatic catheter related thrombosis. At a two-year follow-up, 13.3% of patients had a thrombus. Of the patients that had a thrombus at the two-year follow up, approximately 56% of them did not have a thrombus during their initial ultrasound. The investigators found that the number of catheter days, age, and coagulation factors were not related to acute or residual thrombosis. However, associating factors did include patients who received more than 10 U/kg/h of unfractionated heparin, cardiac arrest history, or a clinically relevant bleeding event. Patients who had a cardiac arrest were more likely to have a catheter related thrombosis during the initial ultrasound, and those with femoral CVLs had a higher chance of having a thrombosis at their two-year follow-up. The investigators also determined unfractionated heparin is not an effective thromboprophylaxis treatment, as it was given to over 80% of patients during the study (Jones et al., 2019).
Current Practice Trends for Occlusion Management
	Several studies on CVL occlusions management have identified specific non-pharmacologic interventions for nurses to attempt to help prevent CVL occlusion. According to the Association for Vascular Access (AVA), the primary goal is the prevention of catheter occlusion. This is accomplished by several methods including: assessing for medication compatibility of co-infusing medications and solutions, standardized flushing protocols, and knowledge of the appropriate clamping sequence for the needleless connector. Prevention of occlusions can help avoid therapy delays and catheter replacements. In smaller-gauged CVLs, an infusion rate of 1-2 ml/hr may also reduce the risk for occlusion, especially if the infusing solution has heparin added. Additional risk factors for the development of catheter occlusion include suboptimal tip placement, pump failure, lipid residue, calcium-phosphate imbalance of TPN, fungal infection, and inadequate staff training of CVL care (Doellman et al., 2015). 
The AVA recommends thoroughly assessing occluded CVLs to determine the type of occlusion and each CVL should be physically assessed for signs of a kinked catheter or infusion tubing, precipitate, or catheter tip malposition. The AVA also recommends that CVLs should not be flushed or aspirated with a syringe less than 10 milliliters in order to prevent catheter damage. Additionally, repositioning the patient or associated extremity or completing a dressing change can help alleviate a non-thrombotic occlusion. However, if a precipitate is suspected, then the use of appropriate clearing agent should be utilized. The AVA also suggests obtaining an x-ray if catheter tip malposition is suspected due to dislodgement or migration (Doellman et al., 2015).
	Bard (2015), a medical device manufacturer, has guides for use listed on their products which includes a troubleshooting guide. Per manufacture recommendations, if there is difficulty aspirating blood from the CVL, the CVL should be visually assessed for external kinks or sutures impeding flow. Per Bard, the CVL should not be flushed with a syringe less than 10 milliliters, as smaller syringes can generate high internal pressures with little force, leading to catheter damage. If the CVL is easily flushed, the CVL should be flushed with a 10-milliliter saline syringe before pulling back two to three milliliters to aspirate. The use of a 20-milliliter syringe also produces a greater vacuum and may aid in difficult aspiration. The patient’s arm shoulder, and head may also be repositioned to assist with aspiration and flushing. If difficulty aspirating blood or flushing the CVL persists, Bard then recommends the use of a thrombolytic. If an occlusion continues after the thrombolytic, then an x-ray or dye study can be obtained to assess catheter position and status (Bard, 2015). 
Gnannt et al. (2017) sought to compare CLABSI outcomes of either repairing or replacing externally fractured PICCs in pediatric patients. For the purposes of this study, replacing a PICC meant rethreading a new catheter via a guide wire in the same location. In this study, 235 PICC fractures were evaluated, 161 of which were repaired, 55 of which were replaced, and 19 PICCs were removed. The investigators found that in the PICCs that were rethreaded, 10.9% had a CLABSI within 30 days, while PICCs that were repaired had a 4.3% CLABSI rate within 30 days. The investigators noted that there was no significant difference between gender, age, weight, or CVL indication. Additionally, if the PICC was re-threaded with a silicone line, there as an 11.1% risk for a CLABSI within 30 days, if a polyurethane line was used to re-thread, the risk became 10.8% for a CLABSI. If the PICC was replaced with a single lumen catheter the risk for a CLABSI was 11.9%, while a double lumen replacement had a 7.7% risk for a CLABSI. For PICCs that were repaired, 33% had to be removed before the end of treatment due to occlusion, malposition, or repeat breakage. In PICCs that were exchanged, 31% were removed before the end of treatment for the same previous reasons (Gnannt et al., 2017). 
	Baskin et al. (2009) states that mechanical obstructions should be first utilized to rule out obstructions. This can be done by carefully inspecting the catheter for a kink in the tubing, a clamp left closed, catheter tip blocked by the vessel wall, or a malposition of the catheter or port needle. Repositioning the patient by having the patient sit or stand, roll to the side, or raise an arm can help straighten out the catheter or move the catheter tip from the vessel wall. If the occlusion is due to medication or TPN should be cleared with the appropriate solution. If obstruction is related to thrombosis, a contrast study can be done to determine a fibrin sheath or an intraluminal clot. The authors indicate the current standard treatment for thrombolytic CVL occlusions is the instillation of alteplase, which has been shown to clear catheter occlusions in 74% of patients. The authors also detail the use of newer thrombolytic medications, such as reteplase, recombinant urokinase, and alfimeprase, although these have not been extensively studied in pediatrics. Reteplase has shown higher clearance rates of 67-74% in 30-40 minutes, compared to alteplase which has a 53% clearance rate in 30 minutes (Baskin et al., 2009).
 	Prevention of occlusions involves standard flushing protocols per institution. Adult studies have shown there is no significant difference in PICC occlusions when locking with saline or heparin. According to the authors, this has not been confirmed to be similar pediatrics. The authors also note that one benefit to occlusion prophylaxis is a decreased rate of CLABSIs (Baskin et al., 2009). 
	The Canadian Vascular Access Association suggests a more stepwise approach for determining what type of occlusion is present. First, providers should check patency of the CVL by flushing with 0.9% normal saline and attempt to aspirate blood from the lumens. A partial occlusion occurs when the CVL can be flushed, but blood is unable to be aspirated from the lumen; a complete occlusion occurs when the lumen is unable to be flushed or no blood is aspirated. Next, all forms of mechanical occlusion should be ruled out by assessing for kinks, tight suture, closed clamps, or clogged filters. If there is a change in external length, that may also be the cause of mechanical obstruction. The patient should be repositioned, the ipsilateral arm should be raised, or the ipsilateral shoulder rolled. The catheter should also be assessed for damage, such as swelling around the site or leaking. At this point, if the occlusion has not been resolved then caps or needleless access devices and CVL dressings should be changed, ensuring correct needle placement for totally implanted CVLs. If the occlusion is still present, a radiographic image should be obtained to verify correct placement or internal kinking. Once mechanical occlusion is ruled out, then providers can proceed to treating for thrombotic occlusions with a thrombolytic agent determined by the institution. Partial, withdrawal, and complete occlusions should all be treated, with partial or withdrawal occlusions treated via a direct instillation technique and complete occlusions with a negative pressure technique. During thrombolytic treatment, infusions should be stopped in order to allow for proper dwell times and to promote maximum contact between the thrombolytic and the thrombus or fibrin (Hill et al., 2013).
	Additional occlusion prevention techniques noted by Hill et al. (2013) are utilizing a pulsatile, or push-pause method of flushing in order to best clear the catheter of any remaining blood or medication. Flushing at least twice the volume of the catheter is preferred and making sure to avoid plunger reflex by stopping the plunger from rebounding against the bottom of the syringe by ending the flush by the 0.5 milliliter mark on syringes. Furthermore, the Canadian Vascular Access Association also suggests using no smaller than a 10-milliliter syringe when flushing or aspirating to prevent catheter damage. And lastly, having the patient cough, deep breath, applying pressure to the insertion site, or inducing a Valsalva maneuver may help move the catheter tip off the blood vessel wall (Hill et al., 2013).
[bookmark: _Hlk20469056]Hill et al. (2013) also notes that another form of non-thrombolytic occlusion is a chemical occlusion that may result from precipitates formed from the mixing of incompatible medications or solutions, either by medical error or improper flushing between incompatible medications. Medications, such as phenytoin, lipids, parenteral nutrition, and mannitol are the most common drugs that result in precipitates that can lead to chemical occlusion. Lipids, specifically, leave a waxy residue within and around the catheter. Hydrochloric acid, sodium bicarbonate, and sodium hydroxide have been shown to help clear drug precipitates, with hydrochloric acid being especially effective for occlusions from calcium phosphorus, acidic medications such as piperacillin or vancomycin, or TPN. Sodium bicarbonate is good for clearing alkaline precipitate occlusions, such as ganciclovir, acyclovir, ampicillin, and heparin. The authors also note that 70% ethanol has shown to treat occlusions caused by the waxy resiude left from lipid administration, and a dose of 0.55 ml/kg of 70% ethanol has been safely tested in the pediatric population (Hill et al., 2013). 
An article by Kerner et al. (2006) states that an adequate assessment of CVL occlusion is essential for its management. This assessment includes both for thrombotic and non-thrombotic causes, with thrombotic causes treated with alteplase and non-thrombotic causes to be treated with ethanol for lipid occlusion and medication precipitates to be treated with either hydrochloric acid or sodium bicarbonate according to their pH. The article also highlights that prevention of occlusions is also key to CVL management success. Screening for external line compression by clamps, sutures, and kinked tubing should be performed, as well as checking catheter function and patency. The CVL occlusion should be assessed to see if repositioning alleviates the occlusion, especially raising the arm of the CVL is in or having the patient shrug their shoulders. Knowing what medications was recently being administered and performing a visual inspection of the CVL and around its insertion site are also important factors to consider (Kerner et al., 2006).
According to Kerner et al. (2006), if a partial occlusion is alleviated after the patient coughs, completes a Valsalva maneuver, or repositions, then the CVL may have improper internal positioning. However, if the problem persists despite these attempts, the CVL may need to be partially withdrawn or repositioned internally. Nurses may also be able to aid in CVL occlusion prevention by flushing with a turbulent flow, or a pulsatile flush, to help decrease residue buildup within the catheter. Additional prevention recommendations include ensuring the CVL is flushed with saline before and after each medication administration and utilizing a positive-end pressure flush by clamping the CVL while still flushing in order to limit blood reflux into the tip of the catheter. The article does note that many CVL lumens have positive-pressure devices, or caps, added on that aid in blocking blood reflux when disconnecting syringes and tubing (Kerner et al., 2006). 
Agents Used for Thromboprophylaxis in Pediatric CVLs
In 2001, Choi et al. studied the safety and effectiveness of the use of alteplase (tPA), CVLs in pediatric patients. This study came was conducted soon after the Food and Drug Administration stated there were deficiencies in the manufacturing of urokinase, which was previously being used to restore CVL patency. This resulted in hesitance within in the medical field to use the solution. At this time, streptokinase was also being used, resulting in the manufacturers released a statement about there being significant allergic reactions to it and should therefore not be used to restore CVL patency. In this study, pediatric patients’ CVLs were locked with normal saline. The patients’ who had CVL’s that were unable to be flushed, had resistance when flushing, or unable to withdraw blood received alteplase. Currently, the recommended dwell time was two to four hours. Patients less than 10 kg received 0.5 mg of alteplase and those greater than 10 kg received 1 mg alteplase with enough to fill the CVL volume, with a maximum dose of 2 mg. The study showed that 85% of CVLs had patency completely restored (29/34 patients), with an average instill time of 2.2 hours. The authors also noted there were no significant bleeding or adverse effects that resulted from the use of alteplase (Choi et al., 2001). 
Also, in 2001, Jacobs, Haygood, and Hingel studied the use of tPA for the treatment of occlusions in pediatric CVLs. In this study, after unsuccessful attempts to aspirate blood from the lumens, tPA was instilled into the lumens. For this study, the amount of tPA instilled was equal to the volume of the catheter plus 10%, ranging from 0.1 to 2.0 mL of the reconstituted solution. After 20 minutes, the patency was checked and if it was unsuccessful, the tPA would be instilled again. If patency was restored, the CVL was then flushed was 0.9% normal saline and further medication or fluid solutions were continued. During this study, there were 320 occlusion episodes, all of which received tPA and patency was restored in 71.3% of CVLs after the first instillation. Second and third, if indicated, instillations resulting in a total restoration of patency to 90.6% of CVLs. This study indicated that due to the high success rate of the tPA, only 2.8% of the studied CVLs had to be replaced (Jacobs et al., 2001). 
A 2012 review by Baskin et al. sought to determine the best form of thrombolytic therapy for CVLs. The authors reviewed five differed thrombolytic agents (alteplase, reteplase, tenecteplase, recombinant urokinase, and alfimeprase) across 19 studies. Currently, alteplase is the only thrombolytic agent that is FDA approved for use in children. The review found that alteplase had an 86% overall clearance rate after 1-2 doses, taking upwards of 3 hours for full resolution. The other, newer, thrombolytics, however, had a higher efficacy or shorter clearance time when compared to alteplase. Reteplase had a 95% overall clearance rate and tenecteplase had a clearance rate of 83% with 1-2 doses. Recombinant urokinase showed a decreased catheter infection rate, as well as having a 3% overall clearance rate. Lastly, alfimeprase had a 40% clearance rate at 5 minutes, 60% at 30 minutes, and 80% clearance rate after two hours. This review also outlined the cost for each type of thrombolytic agent, as well as the occurrence of allergic reactions, doses, type of metabolic clearance, site of action, and summarized what population and restoration rate each reviewed study produced (Baskin et al., 2012). 
Studies involving methods to reduce CLABSIs are a large part of CVL care, as CLABSIs are the most common cause of health care associated infections. Devrim et al. (2016) looked at the use of prefilled flushing devices and needleless split-septum access devices to reduce central line infection rates. The study also looked at the cost effectiveness of the flushing devices, which was filled with saline, and split-septum access devices. The study found that the CLABSI rate decreased from 24.5 CLABSIs per 1,000 central line days to 14.29 CLABSIs per 1,000 central line days after the initiation of the prefilled flushing and split-septum access devices. The study also found significant cost savings, including daily total costs of patients and total drug costs (Devrim et al., 2016). 
	Pierce, Wade and Mok (2000) studied the use of a heparin bonded catheter to decrease infections and thrombosis in children. In this study, the authors found that heparin bonded catheters resulted in a CLABSI in 4% of the patients, while the non-heparin bonded catheter had 33% of its patients with a CLABSI. Additionally, the study showed that the CVLs ranged from 2-45 days in patients, with infections occurring in days 3-45. In 8% of the non-heparin bonded catheters, a thrombosis occurred compared to the heparin bonded catheters where there was no thrombosis noted. Furthermore, there were no evidence of thrombocytopenia between the two study groups (Pierce et al., 2000).
	Henrickson et al. (2000) studied if an antibiotic flush would be able to prevent CLABSIs and thrombotic events in immunocompromised pediatric patients. The investigators hypothesized that a flush containing vancomycin., ciprofloxacin, and heparin would prophylactically prevent the occurrence of catheter related infections and thrombosis. The investigators noted that most catheter-related infections are caused by gram-positive organisms, in which many are sensitive to vancomycin. Ciprofloxacin has good gram-negative coverage, which accounts for around 28% of catheter-related infections. They also tested a vancomycin-heparin flush to compare its effectiveness at preventing CLABSIs. The study showed that the CLABSI rate for the standard practice of heparin flushing and locking CVLs was 1.72 per 1,000-line days, resulting in 31 CLABSIs. The vancomycin-heparin group had three infections (0.37 per 1,000-line days) and the vancomycin-heparin-ciprofloxacin group had six infections (0.55 per 1,000-line days). The investigators also sought to determine occlusion events. Forty-one percent of the studied group had an occlusion episode, with 119 total occlusion events. In the heparin group, the occlusion rate was 3.99 per 1,000-line days, the vancomycin-heparin group had a rate of 3.47 per 1,000-line days, and the vancomycin-heparin-ciprofloxacin group had a rate of 1.75 per 1,000-line days (Henrickson et al., 2000).
	It is also important to note that the investigators also tested for the presence of both ciprofloxacin and vancomycin in the blood during the study. Of the patients randomly selected to have their blood peripherally tested, seven were found to have had the vancomycin-heparin-ciprofloxacin flushed through their CVL. All seven of these patients had ciprofloxacin levels less than the sensitivity of the assay. No vancomycin level was able to be detected in any of the tested patients. There was also no evidence of vancomycin-resistant enterococcus (VRE) in any of the patients after multiple testing periods (Henrickson et al., 2000). 
Theoretical Framework
The Iowa Model
	Created in the early 1990s by a group of nurses, the Iowa Model is a guide for clinicians to evaluate and implement research into patient care. This framework was then later developed into evidence-based practice (EBP). The model has since been revised and expanded for the utilization of multiple levels of evidence, as well as national and international use of EBP, use of electronic data, greater interprofessional collaboration, the rise of implementation science, pay for performance, and improved patient engagement (Iowa Model Collaborative, 2017). 
	The model first starts of by identifying an issue or an opportunity for improvement, and then this is translated into either a question or a purpose statement (see Appendix B). The model then focuses on three decision points. The first decision point asks for the researcher to determine if the issue in question is a priority, if so, then the project can move forward to form a team where research is collected. This leads to the second decision point. If enough evidence is available, then the process can move forward. If there is not enough available research, then more research is to be completed and the team should reassemble to review. If moving forward, the practice change should be created and tested on small scale. This also include the preparation work, collection of data, and reports of the data. Then at the final decision point, the team must determine if the change is appropriate to be put into practice. If it is not yet appropriate for implementation into practice on a larger scale, then the implementation project should be either redesigned or the team should go back to previous steps and re-evaluate. If the practice change is deemed appropriate for implementation, then key personnel should be involved, as well as making sure the change becomes hardwired into the system, and key indicators should be monitored throughout implementation. Once it has been implemented throughout the system, results of this practice change should be given out throughout the system (Iowa Model Collaborative, 2017). 
	The Iowa Model is a good framework for this project as it helps aid in the process of making sure the development of the clinical protocol is of importance, necessity, and has appropriate levels of evidence-based practice to institute in the organization. It also demands that results of the change in practice is distributed after implementation, demonstrating that the change was or is not beneficial and shows where there is room for additional process improvement. 
Model for Improvement
	The Model for Improvement (MFI) is a tool used to accelerate quality improvement within organizations and has been used to improve a multitude of health care processes and outcomes. This model consists of two parts: three fundamental questions and the Plan-Do-Study-Act (PDSA) cycle (IHI, 2012; AHRQ, 2013). The MFI and PDSA aid organizations in practice changes by having them focus on the systems and processes involved and how they can be modified for improved outcomes (ARHQ, 2013). 
	The three questions asked by the MFI are: what are we trying to accomplish, how will we know a change is an improvement, and what changes can we make that will result in improvement? These questions focus on the aim of the study, its measurement, and its overall changes (IHI, 2012; AHRQ, 2013). Quality improvement teams are asked to utilize these questions and then test changes via PDSA cycle until the change produces the desired result or improvement change and is then ready for implementation and use throughout an organization (see Appendix C) (AHRQ, 2013). 
	The PDSA cycle allows for testing of small changes and their implementation. The ‘Plan’ aspect of PDSA calls for the organization to plan the test or observation, which includes the plan for data collection. ‘Do’ is the implementation and testing of the change on a small scale. ‘Study’ involves the analysis of the data collected, and ‘Act’ calls for additional modifications to the change based on the analysis and results (IHI, 2012). Following multiple cycles of PDSA, the practice change can be implemented on a larger scale (AHRQ, 2013). 
	The model for improvement is an ideal framework for this project, as it allows for the development and modification of a clinical protocol for improved CVL and occlusion management. Over time, data can be collected on a small scale within a few units to test the improvement of CVL care and management, as well as overall costs for a decrease in CVL replacement or repair. Once the protocol is finetuned, it can be administered throughout the hospital and potentially to the outpatient setting as well. 
Methods
Design
A retrospective chart review using electronic medical records was completed to assess the use of tPA between August-September 2019. Patients were categorized based on primary diagnosis, age, and type of CVL.
During this chart review, data was put into a protected Excel spreadsheet for analysis. The chart review looked at when tPA was ordered and when the phrases “clotted/won’t flush,” “no blood return,” and “unable to flush” were documented. For those who had tPA ordered, the type of fluid, medication, nutrition, or blood product that instilled into that line within the previous 48-hours was collected, as well as if any other central line occlusion management interventions were performed prior to the instillation of tPA. The ultimate outcome of the central venous line (kept, removed, or re-wired) and if tPA was successful was also collected. 
Nursing perception of the organization’s current central line occlusion management was gauged with a nine-question Likert Survey (see Appendix D). This survey was sent to the organization’s inpatient units (3 medical-surgical units, Cardiac Care Unit, and Pediatric Intensive Care Unit), infusion center, and dialysis nurses. 
Nursing staff from the organization’s Cardiac Care Unit was educated on CVL occlusion assessment and prevention management. Prior to education, the selected nursing staff were asked to fill out a survey relating to their current knowledge on CVL occlusion prevention and troubleshooting techniques. Immediately following the survey, the nurses were educated on how to assess their CVLs for mechanical obstruction and provided with CVL occlusion prevention strategies and techniques. 
Education provided to the nursing staff included how to assess for the potential for internal mechanical obstruction of the CVL, which was completed using both face-to-face education and an emailed PowerPoint presentation (see Appendix E). Using evidence-based practice, education emphasized the importance of physically assessing the CVL, different repositioning options, and other methods that can help move the catheter off the vessel wall to alleviate difficult flushes and improve blood return with aspiration. Education also included various ways to confirm CVL placement, such as radiographic images or echocardiograms, and reminded nurses that ultrasound is not an approved method to verify CVL placement at the selected hospital. CVL occlusion prevention strategies and techniques were also included in the nursing staff education.
After the completion of the education, the same nurses were sent a post-education survey containing the same questions to assess the efficacy of the education, as well as their knowledge growth and retention (see Appendix F). 
Setting
	Retrospective chart reviews were collected from both the inpatient and outpatient setting. Nursing perception surveys were sent to nurses from the intensive care units, medical-surgical units, home health, dialysis, and infusion center at a 145-bed midwestern pediatric hospital. Education on CVL occlusion assessment and prevention management was provided to the nurses in the organization’s Cardiac Care Unit. Pre-education and post-education surveys were also collected on the same group of nurses.
 Population
	Pediatric patients with a variety of diagnosis who have a central line were selected from a 145-bed midwestern pediatric hospital for the retrospective chart review. Nursing staff from the organization’s Cardiac Care Unit were selected for education and post-education evaluation. 
Ethical Considerations
Ethical approval was not required for this study, as determined by the University of Nebraska Medical Center IRB, and the Creighton University IRB. 
Measurement Methods
Data Collection Procedures
Medical records of patients with a central venous line occlusion were reviewed from August to September 2109. This was accomplished by the creation of an EPIC chart report created by the IT department to flag when tPA is ordered and administered, as well as when the phrases “clotted/won’t flush,” “no blood return,” and “unable to flush” were documented on CVLs. Data on age, diagnosis, type of CVL, type of fluid, medication, nutrition, or blood product infusing through the CVL within the past 48-hours, if tPA was ordered, interventions prior to instillation of tPA, if patency was restored, and outcome of the CVL (i.e. replaced, removed, or re-wired) were collected by the primary investigator. 
A nine-question Likert survey was sent to nurses from the organizations 3 medical-surgical units, Cardiac Care Unit, Pediatric Intensive Care Unit, infusion center, and dialysis center. The survey included questions about nurses’ perception on the process of CVL occlusion management, their perception of the benefit/affect the current process has for patients, if they believe the current process affect patient or CVL outcomes, if they would like more control over how central line occlusions are managed for their patients, and if they have noticed if specific types of medications or types of lines are more prone to occlusions. An option to leave a comment under each question was provided for nursing staff to provide additional information or thoughts.
Nursing staff from the Cardiac Care Unit were asked to fill out an eight-question survey that included both multiple-choice and open-ended questions about their current knowledge of how to assess for mechanical obstruction on central lines and CVL occlusion prevention techniques. Immediately following the survey, the nurses were educated on how to assess their CVLs for mechanical obstruction and provided with occlusion prevention techniques. Approximately a week after the completion of the education, the same nurses were sent a post-education survey containing the same questions as the pre-education survey to assess the efficacy of the education, as well as their knowledge gain. 


Results
	The nursing perception survey was sent out to 209 nurses from various inpatient and outpatient settings from the selected hospital. A total of 75 responses were gathered. Figure 1 shows the percentages for each response by the nursing staff. Respondents were also allowed to provide comments with each question and at the end of the survey.

Figure 1.
 Nursing perception survey.

The retrospective chart review showed that between August to September 2019, tPA was ordered a total of 162 times, 74 of which were used to lock the central lines on 45 patients. This left a total of 88 times tPA was used to treat for a CVL occlusion. Figures 2-6 shows the chart review results for the general patient diagnosis, type of CVL requiring tPA administration, occlusion type, success of tPA to restore patency of CVL, and type of CVL with unsuccessful tPA. Of the 26 tPA administrations that failed to restore patency to the CVL, 14 of the CVLs remained in place in the patient, and 12 were removed from the patient shortly following the failed tPA administration. The age of the patients and location of tPA administration was also recorded, as shown in Table 1. 

Figure 2. 
General diagnosis of patient requiring tPA administration: August-September 2019.

Figure 3.
Types of CVLs requiring tPA administration: August-September 2019.

Figure 4.
Type of occlusion: August-September 2019.


Figure 5.
Ability of tPA to restore patency to CVL: August-September 2019.

Figure 6. 
Types of CVLs with unsuccessful tPA administration: August-September 2019.

Table 1. 
Age of patient and location of tPA administration from retrospective chart review August-September 2019.
	Age (years)
	Number of patients (%)
	Location
	Number of patients (%)

	<1 
	35 (38)
	Critical Care
	56 (60)

	1-3
	26 (28)
	Med-Surg
	20 (22)

	4-6
	14 (15)
	Outpatient/ Home Health
	16(17)

	7-10
	5 (5)
	Emergency Department
	1 (1)

	11-15
	4 (4)
	
	

	16+
	9 (10)
	
	



	Surveys were sent to the 60 nurses who make up the organization’s Cardiac Care Unit, as patients with a cardiac diagnosis made up half of all tPA orders and administrations, before education was given, with a total of 24 responses. Education was then provided to the same nurses either through an emailed presentation or face-to-face education. A post-education survey was sent out to this same group of nurses and 22 responses were gathered. Results of both the pre- and post-education surveys are shown in Figures 7-14.

Figure 7. 
Pre- and post-education survey results: Years of RN experience.


Figure 8. 
Pre- and post-education survey results: Ideal syringe size for flushing CVLs.




Figure 9. 
Pre- and post-education survey results: Ideal syringe size to aspirate from CVLs.


Figure 10. 
Pre- and post-education survey results: Ideal volume to flush through CVL catheters.




Figure 11. 
Pre- and post-education survey results: Ideal flushing technique.





Figure 12. 
Pre- and post-education survey results: Patient-specific interventions if CVL difficult to flush or no blood return. 



Figure 13. 
Pre- and post-education survey results: CVL-specific interventions if CVL difficult to flush or no blood return.

Figure 14. 
Pre- and post-education survey results: Methods for CVL placement verification.


Discussion
With the initial nursing perception survey, it was evident that nurses felt they wanted more control over their patient’s CVLs. Results also indicated that nursing staff preferred standardization of central line management, as results showed nurses felt that different types of CVLs were managed differently. Other responses to this initial survey showed that approximately one-third of respondents felt that the organization’s process to handling CVL occlusions was not preventing complications from occurring. And over 60% of nurses believed there is a better way to manage CVLs and occlusions. With the ability for nurses to leave comments throughout this survey, it was found that there were several nurses who had used similar protocols at other organizations and felt as though the level of standardization was a safe and efficient way for staff to manage occlusions. 
Nurses were also asked if they noticed any specific medications that seemed to cause CVL occlusions and respondents stated they did not seem to notice any specific medications. This was also evidenced during the retrospective chart review. However, it was found that an overwhelmingly large majority of medications were not linked to a specific CVL within the electronic medical record documentation. This made it impossible to determine which medications were running through which CVL or its respective lumens, thus was not helpful in determining which medications were more prone to causing CVL obstruction. 
Of the 162 tPA administrations from the retrospective chart review, 88 administrations were noted to be for the purpose of treating an occluded CVL. The other 74 administrations were found to be used for prophylactic occlusion management on an HD catheter. As shown in Figure 3, both PICC lines and CVLs had the highest amount of tPA administrations with 26 each. this accounts for approximately 60% of all tPA administrations. For clarification purposes, the CVLs reported from the retrospective chart review are lines such as internal jugular or subclavian central lines. Ports had the next highest administration with 20% and HD catheters had the lowest tPA administration at 3%. 
The most common occlusion type was a partial occlusion, where the line was able to be flushed, but there was no blood return. These accounted for 76 of the tPA administrations, which is roughly 86%. Complete occlusions, where the CVL is unable to be flushed and has no blood return, occurred 15 times (17%). When tPA was administered, it was successful at clearing the CVL 70% of the time. The remaining 30%, tPA was unsuccessful, meaning the CVL continued to have trouble flushing or continued to have no blood return. Of the unsuccessful tPA administrations, over 50% (14) of those CVLs remained in place in the patient. This is surprising and problematic, since CVL occlusion is a known cause of a central line associated bloodstream infection. 
	Pediatric cardiac and cardiothoracic patients make up a large percentage of the population at the selected hospital, so it is not surprising that over 50% of the tPA administrations were for those with a cardiac diagnosis. Diagnoses of cancer, renal, and genetic conditions made up most of the remaining tPA administrations at 14%, 11%, and 11%, respectively. Most of the tPA administrations were to children under 1 year of age (35 times or approximately 40%). The age range with the next closest tPA administrations was ages 1-3 years (26 times or approximately 30%) and the age range who required the least amount of tPA administration was 11-15-year olds, which only had 4 documented tPA administrations (~5%). Additionally, it is not surprising that the intensive care units (PICU and NICU) accounted for the majority of tPA administrations (64%), as patient’s requiring critical care are more likely to have a central line in place. 
	Education given to the Cardiac Care Unit nurses proved to be successful. Nurses were educated that the ideal syringe size to flush and aspirate blood from a CVL is 10 milliliters. On the post-education survey, there was no change to the percentage of nurses who responded with flushing with a 10-milliliter syringe. And there was a 3% increase in response to aspirate with a 10-millileter syringe. However, both responses on the pre-education survey started high at 92% and 88%, respectively. Ideally, twice the volume of the catheter should be flushed through each CVL lumen to ensure medications are sufficiently removed from the catheter. Responses on the post-education survey revealed a 16% increase in this response. Research also indicated that pulsatile flushing is the best method to clear the CVLs from any remaining blood or medications. This response on the post-education survey was 100% and had a 37% increase from the pre-education survey. 
	The next set of questions were open-ended, requiring nurses to write in their own responses. These all had multiple correct responses based on evidence-based practice and current policies in place at the selected hospital. Nurses were educated on interventions and troubleshooting techniques they could attempt with both the patient and the CVL. Interventions nurses could attempt with the patient involved repositioning the patient by either turning them on their side or having them sit up, straightening out the extremity the CVL is placed in to straighten out the vessel, have the patient deep breath or cough if developmentally appropriate follow commands, induce a vagal maneuver, or turning the patient’s head to the side. After educating the nursing staff, responses indicating the correct interventions increased for all appropriate interventions and troubleshooting techniques. All respondents stated to reposition the patient, and 27% correctly stated to straighten out the extremity the CVL is in, which was a 23% increase from the pre-education survey. Responses that included inducing a Valsalva maneuver or having the patient deep breath or cough increased after education by 23% and 11%, respectively. And responses stating to turn the patient’s head increased by 5%. One respondent stated to use a tourniquet on the post-education survey, however this is a technique that is commonly used for extended dwell or midline catheters, which are not considered central lines. 
	Interventions nurses were educated that involved the CVL included assessing the line externally for clamps or kinks, using a pulsatile flush to help clear the catheter, and to use a10 mL syringe which creates more pressure when aspirating blood. As with the techniques nurses could use with the patient, all correct responses increased on the post-education survey. Responses indicating to assess the line for clamps or kinks increased by 44% to 82% and using a pulsatile flush increased by 19%. Responses stating to use a 10 mL syringe also increased by 18%. Responses indicating to use tPA decreased from 25% to 0%, and responses stating for nurses to call in a more experienced nurse or the provider also decreased to 0%. Since the goal of the education was to provide nurses with troubleshooting techniques before resorting to a medication, these are a positive result and will hopefully empower nurses to try things on their own before needing assistance. However, responses stating to try a cap change decreased from 21% to 0% on the post-education survey and to apply pressure to the insertion site, which can help manipulate the line internally decreased from 54% to 27%. These are both correct techniques to attempt but were neglected to be stated in the education. An email was then sent out indicating these were correct interventions to attempt.
	The final question asked what methods were available for nursing staff to confirm CVL placement if there was a question as to if the CVL had dislodged or had an internal kink. The most common verification method is with an x-ray, which all respondents included which was an 8% increase. Responses indicating the use of an echocardiogram, fluoroscopy or a dye study, and pressure waveforms also increased by 16%, 18%, and 23%, respectively. There were no responses on the post-education survey indicating the use of a bubble study for RA lines, however a bubble study requires the use of echocardiogram, so this may have been assumed as seen by the increased responses with echocardiograms. Responses stating the use of ultrasound can be used to confirm placement decreased by 7%, which was appropriate, as the selected hospital does not allow ultrasound to be used for confirmation of CVL placement. Lastly, responses indicating that blood return confirm placement decreased by 7%. While it is largely assumed that blood return on a CVL indicates proper placement, it cannot verify it. This is because CVLs can dislodge, but still remain in a vessel allowing for blood return or the CVL can remain in the proper location, but have no blood return due to the end of the CVL lying against the vessel wall or the presence of a fibrin sheath. 
Future Implications
	This protocol can continue to improve and move forward for future use. The organization this project was completed at continues to be dedicated to the developed protocol’s future implementation. Since many of the medical device manufacturers indicated there was no data for the instillation of sodium bicarbonate or ethanol in the central lines, the selected organization is working on reducing the total number of central line types available. The use of the additional medications to treat CVL occlusion, namely ethanol and sodium bicarbonate, is becoming more widespread and will likely be tested by more medical device manufacturers. Once this is completed, the protocol can move forward to implementation. 
Shortly after the retrospective chart review, the selected hospital’s electronic medical record system had an update that requires nursing staff to link the medications they are administering to the appropriate venous access device (peripheral intravenous catheter or CVL). This can aid in a more thorough analysis of what medications are be administered to aid in determining if there are specific medications that are prone to causing CVL occlusion. It may also have been beneficial to document how long each of these CVLs were in place in the patient and if any of CVLs that developed an occlusion also led to CLABSI.
Conclusion
With the addition of a protocol for central venous line occlusion management, care for CVLs will become more streamlined with standardized care for any type of CVL. As evidenced by the nursing perception survey, as well as discussions with staff during education, nurses take pride in their care for their patient’s CVLs and want more control over their care. Having a protocol in place that allows this and aids in more standardization of care for CVLs can help promote this increased autonomy for nursing staff. The nursing education was largely effective and showed an increase in knowledge adequate retention. Responses from the nursing staff also showed additional techniques and troubleshooting ideas that were not included in the education, which demonstrates that experience cannot be replaced by education alone. 
	Patients receiving critical care in intensive care units are more likely to require the need for a CVL, thus the need for tPA is more prevalent in these units. Additionally, it was noted that cardiac patients required tPA for their CVLs more than any of the other general diagnosis. Their diagnosis with dysfunctional hearts and blood flow may be a contributing factor for this increased need. Education for nursing staff in these areas will continue to be necessary as new staff is added and to reinforce the knowledge with experienced staff as the protocol becomes fully implemented.
	While the protocol is still in a beginning phase of implementation, it is eventual benefit is apparent. Standardizing care will improve nursing satisfaction and help eliminate any potential differences while caring for the various types of CVLs. With the subsequent use of appropriate anti-occlusive medication, the longevity of CVLs can hopefully be improved. 
Limitations
Due to limitations from the medical device manufacturers of central lines used at the selected hospital, it was largely unknown if sodium bicarbonate and ethanol would be able to be instilled in the central lines the hospital utilizes. Because of this, the focus of the project was shifted from the newly developed protocol, to the education of nurses on CVL occlusion assessment and prevention. Time constraints and high acuity of patient’s hospitalized during the time of education limited the number of nursing staff able to complete both the pre and post surveys on central line occlusion assessment and prevention. Survey responses were also anonymous, preventing verification that the pre- and post-education responses were completed by the same nurses. Thus, it is difficult to say if these results can be generalized for the organization’s entire nursing staff, as well as the ability for the developed protocol to be utilized on a larger scale regionally or nationally. 
The retrospective chart review was only done for two months and occurred during a low-census period. The chart review was also completed with the intention of providing information for the protocol development aspect of the initial project purpose. While important information was collected, data that may have been helpful for educational purposes was not collected. Expanding this review may be beneficial to determine if the results of the chart review were representative of the total population of this organization and if there were education gaps that could have been addressed. 
	During the time education was being provided to the Cardiac Care Unit nursing staff, the hospital was experiencing an especially high acuity. This may have led to a limited number of staff that were able to complete both the pre and post education surveys. Thus, it is difficult to say if these results can be generalized for the entire organization’s nursing staff.
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[bookmark: _Hlk20122557]Nursing Perception Survey on Central Line Occlusion Management

	
	Strongly Disagree
	Somewhat Disagree
	Neutral
	Somewhat Agree
	Strongly Agree

	The workflow for managing central line occlusions is easy to follow. 
	
	
	
	
	

	The workflow for managing central line occlusions is the same for every patient.
	
	
	
	
	

	The workflow for managing central line occlusions is the same for every type of central line (i.e. PICC, RA, UA, CVL, port, etc).
	
	
	
	
	

	How we manage central line occlusions is beneficial for our patients.
	
	
	
	
	

	How we currently manage central line occlusions helps decrease the amount of complications. 
	
	
	
	
	

	I believe there is a better way to manage central line occlusions.
	
	
	
	
	

	I would like more control over how my patient’s central line occlusions are managed.
	
	
	
	
	

	I have noticed specific types of medications or fluids are more prone to occlude central lines.
	
	
	
	
	

	I have noticed specific types of central lines are more prone to occlude.
	
	
	
	
	




Appendix E
Nursing Staff Education on CVL Occlusion Management and Prevention
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Appendix F
Pre and Post Education on CVL Occlusion Assessment and Prevention Surveys
For the purpose of this survey – please think about techniques you personally use when you have a central line that is either difficult to flush, is unable to be flushed, has no blood return, or has sluggish blood return.
Years of RN Experience:
1. Please list any steps you attempt with the patient when you first encounter a central line that is difficult to flush, is unable to be flushed, has no blood return, or has sluggish blood return.


2. Please list any steps you attempt with the central line itself when you encounter a central line that is difficult to flush, is unable to be flushed, has no blood return, or has sluggish blood return.



3. When flushing a central line, what is the best size of syringe to use? 
a. 
b. 1 mL
c. 3 mL
d. 5 mL
e. 10 mL

4. When aspirating blood from a central line, what is the best size of syringe to use? 
a. 
b. 1 mL
c. 3 mL
d. 5 mL
e. 10 mL

5. When flushing a central line, what is the best volume to use? 
a. 
b. 1 mL
c. 10 mL
d. Twice the volume of the catheter
e. The same volume as the catheter

6. What methods are available to check and confirm central line placement?


7. What flushing technique is best to help clear blood or medications from adhering to the catheter wall?
a. 
b. Pulsatile flush
c. Slow flush
d. Power flush
e. Negative pressure flush 


Nursing Perception Survey

Strongly Disagree	
The workflow for managing central line occlusions is easy to follow	The workflow for managing central line occlusions is the same for every patient.	The workflow for managing central line occlusions is the same for every type of central line.	How we manage central line occlusions facilitates positive patient and/or central line outcomes.	How we currently manage central line occlusions helps decrease the amount of complications.	I believe there is a better way to manage central line occlusions.	I would like more control over how my patient’s central line occlusions are managed.	I have noticed specific types of medications or fluids are more prone to occlude central lines.	I have noticed specific types of central lines are more prone to occlusions.	0.02	0.16	0.23	0	0.01	0	0	7.0000000000000007E-2	0.01	Somewhat Disagree	
The workflow for managing central line occlusions is easy to follow	The workflow for managing central line occlusions is the same for every patient.	The workflow for managing central line occlusions is the same for every type of central line.	How we manage central line occlusions facilitates positive patient and/or central line outcomes.	How we currently manage central line occlusions helps decrease the amount of complications.	I believe there is a better way to manage central line occlusions.	I would like more control over how my patient’s central line occlusions are managed.	I have noticed specific types of medications or fluids are more prone to occlude central lines.	I have noticed specific types of central lines are more prone to occlusions.	0.26	0.44	0.45	0.28000000000000003	0.28999999999999998	0.05	0.09	0.28000000000000003	0.13	Neutral	
The workflow for managing central line occlusions is easy to follow	The workflow for managing central line occlusions is the same for every patient.	The workflow for managing central line occlusions is the same for every type of central line.	How we manage central line occlusions facilitates positive patient and/or central line outcomes.	How we currently manage central line occlusions helps decrease the amount of complications.	I believe there is a better way to manage central line occlusions.	I would like more control over how my patient’s central line occlusions are managed.	I have noticed specific types of medications or fluids are more prone to occlude central lines.	I have noticed specific types of central lines are more prone to occlusions.	0.26	0.11	0.11	0.31	0.37	0.33	0.37	0.41	0.27	Somewhat Agree	
The workflow for managing central line occlusions is easy to follow	The workflow for managing central line occlusions is the same for every patient.	The workflow for managing central line occlusions is the same for every type of central line.	How we manage central line occlusions facilitates positive patient and/or central line outcomes.	How we currently manage central line occlusions helps decrease the amount of complications.	I believe there is a better way to manage central line occlusions.	I would like more control over how my patient’s central line occlusions are managed.	I have noticed specific types of medications or fluids are more prone to occlude central lines.	I have noticed specific types of central lines are more prone to occlusions.	0.42	0.25	0.19	0.32	0.27	0.52	0.41	0.23	0.49	Strongly Agree	
The workflow for managing central line occlusions is easy to follow	The workflow for managing central line occlusions is the same for every patient.	The workflow for managing central line occlusions is the same for every type of central line.	How we manage central line occlusions facilitates positive patient and/or central line outcomes.	How we currently manage central line occlusions helps decrease the amount of complications.	I believe there is a better way to manage central line occlusions.	I would like more control over how my patient’s central line occlusions are managed.	I have noticed specific types of medications or fluids are more prone to occlude central lines.	I have noticed specific types of central lines are more prone to occlusions.	0.04	0.04	0.02	0.09	0.05	0.09	0.12	0.01	0.09	


General Diagnosis of Patient Requiring tPA Administration


Cardiac 	Respiratory	ID	Cancer	Renal	GI	Genetic	Heme/Metabolic	0.49	0.06	0.05	0.13	0.12	0.02	0.11	0.02	
Cardiac 	Respiratory	ID	Cancer	Renal	GI	Genetic	Heme/Metabolic	45	6	5	12	11	2	10	2	

Types of CVLs Requiring tPA Administration


HD	PICC	RA	CVL	Port	Transhepatic	0.03	0.3	0.13	0.3	0.19	0.05	
HD	PICC	RA	CVL	Port	Transhepatic	3	26	11	26	17	5	

Type of Occlusion


Partial	Complete	0.84	0.16	
Partial	Complete	77	15	

Ability of tPA to Restore Patency to CVL


Successful	Unsuccessful	0.7	0.3	
Successful	Unsuccessful	62	26	

Types of CVLs with Unsuccessful tPA Administration


CVL	PICC	RA	Port	0.38	0.35	0.23	0.04	
CVL	PICC	RA	Port	10	9	6	1	

RN Experience

Pre-Survey	0-2 years	3-6 years	7-9 years	10+ years	unknown	0.5	0.28999999999999998	0.04	0.04	0.13	Post-Survey	0.33	0.57999999999999996	0.08	0	




Ideal syringe size to flush CVL 

Pre-Survey	1 mL	3 mL	5 mL	10 mL	0	0.04	0.04	0.92	Post-Survey	1 mL	3 mL	5 mL	10 mL	0	0	0.08	0.92	




Ideal syringe size to aspirate from CVL

Pre-Survey	1 mL	3 mL	5 mL	10 mL	0	8.3000000000000004E-2	0.04	0.875	Post-Survey	1 mL	3 mL	5 mL	10 mL	0	0	0.08	0.92	




Ideal volume to flush through CVL

Pre-Survey	1 mL	10 mL	Same volume as the catheter	Twice the volume of the catheter	0	0.08	0.25	0.67	Post-Survey	1 mL	10 mL	Same volume as the catheter	Twice the volume of the catheter	0	0.17	0	0.83	




Ideal flushing technique to clear catheter

Pre-Survey	Pulsatile	Slow 	&	 Steady	Power Flush	Negative Pressure	0.625	0.08	0.28999999999999998	0	Post-Survey	Pulsatile	Slow 	&	 Steady	Power Flush	Negative Pressure	1	0	0	0	




Patient-specific Interventions

Pre-Survey	Reposition patient	Straighten out extremity	Deep breath or cough	Valsalva maneuver	Turn patient's head	Tourniquet	Calm patient 	0.92	0.04	0.28999999999999998	0.04	0.04	0	0.04	Post-Survey	Reposition patient	Straighten out extremity	Deep breath or cough	Valsalva maneuver	Turn patient's head	Tourniquet	Calm patient 	1	0.27	0.41	0.27	0.09	0.01	0	




CVL-specific Interventions

Pre-Survey	Assess line externally	Power flush	Apply pressure to insertion site	Cap change	Pulsatile flush	tPA	Ask for help	Aspirate and flush with 10 mL syringe	0.38	0.54	0.54	0.21	0.13	0.25	0.17	0.04	Post-Survey	Assess line externally	Power flush	Apply pressure to insertion site	Cap change	Pulsatile flush	tPA	Ask for help	Aspirate and flush with 10 mL syringe	0.82	0.27	0.27	0	0.32	0	0	0.18	




Methods to Verify CVL Placement

Pre-Survey	Xray	Echo	US	Dye study	Blood return	Pressure waveforms	Bubble study	0.92	0.04	0.25	0	0.25	0.04	0.21	Post-Survey	Xray	Echo	US	Dye study	Blood return	Pressure waveforms	Bubble study	1	0.18	0.18	0.18	0.18	0.27	0	
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Model for Improvement
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« Hi, for those of you that do not know me — my name is Gina
Wagner. | was a 5t floor bedside/charge/stat nurse for about 5
years and recently switched to the CCU NP Intern role this past
November.

« 1am set to graduate this May with my DNP from Creighton ... but in
order to do that | need a little bit of your help!
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« Forthe purpose of this project, | wanted to help improve nursing knowledge
on central line occlusion management and occlusion prevention in order
to promote safe, high quality standardized care for pediatric patients with
central venouslines.

« This is a work in progress and eventually Children’s will be revamping what
brands and types of central lines that will be used, as well as coming out with a
CVL occlusion management protocol.





image8.jpeg
* With that being said, | had to shift the focus of my project to be on what we
can do, as nurses, to help prevent occlusions in our central lines and what steps
to take before asking for tPA.

+ Alot of this will be review for you, but my hope is that this is a good refresher
and that each one of you will learn at least one thing from this presentation!
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+ Thefirst step is to check your line externally for anyvisible signs of obstruction
or occlusion. This can include:

+ Twists or kinks in your tubing
+ Clamps that are unopened on your line
+ Checking for visible precipitates or clots n the tubing or near the cap.
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* Ifexternally the line looks good —then we need to start thinking i there is anything that could
be causing an issue internally.

* Changing the patient'sposhion can el in s covpledfersntuays

Straightening out the extremity the CVLis in can also help straighten out the vessel the
CVLisin, which in turn reduces the potential internal Kinks.

For upper arm CVLs or subclavian CVLs, turning the patient’s head can also assistin
straightening out the vessels the CVL sin.

Having the patient move'to a sitting position may also manipulate the CVL enough
internally to allow you to flush better and/or draw fromit.

Applying pressure to the insertion site may help manipulate the catheter tip off the vessel
wall

For older kids who can follow commands, having them cough or deep breath may help
move the CVL offthe vessel wall that may be contributing to the difficult flush or no blood
return.
« Foryounger kids, asimilar process can occur when they get mad and cry (Valsalva
‘maneuver)
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« Thank you guys for taking the
time to go through these slides!
I hope they were clear and
helpful, but feel free to email me
with any questions!!

ch
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v
Now — how can we work to prevent occlusions from occurring?!

When flushing and drawing back blood, always use a 10 cc syringe,
*+ When flushing, the 10-cc syringe has fes pressure to damage the i or cause back flow
when disconnecting from the luer-lock.
*+ When drawing back blood, the 10-ccsyringe has more pressureto assist with blood
return.

Performa cap change per hospital policy if blood is visible or a precipitateis noted.
Applying pressure to the insertion site may also manipulate catheter tip off vessel wall.

Use the pulsatile (push-pause-push-pause) method of flushing to clear the line of blood or
medications (similar to art line flushing).
« This method has proven to be the most effective compared to power flushing.

Flush twice the volume of the catheter to ensure you clear the lumen of medications or
htiice the vohime of the catheter
*Pro Tip* when flushing, do not allow the syringe to “bottom out” (ie. do not use the whole

syringe). This can create a vacuum that allows for blood to baclow nto the lumen and can
result in an occlusion.
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* I you have assessed the line externally and have gone through the troubleshooting
steps for internal manipulation of the CVL and are still having difficulty with flushing
and/or aspirating, then it is time to discuss confirming placement of the CVL.

For most lines, this can be accomplished with a CXR. For RA lines, this will
occur automatically f the line is not drawing back.

CVCs can also have a bubble study with an echo to confirm placement.
For Ports you can re-access or a dye study can be performed as well.

*FYI* Ultrasound cannot be used to confirm placement on CVLs. They are
currently only able to be used for checking midiines or extended dwells!
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