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Keeping Lines Open: Maintaining CVC Patency

  EDUCATIONAL OBJECTIVES

Upon completion of this activity, nurses will be able to:
• List and describe potential Central Venous Catheters (CVC) complications
• Outline strategies to maintain and restore CVC patency
• Describe advanced device technologies designed to help avoid and prevent catheter occlusions

  ACCREDITATION

Nurse CE is provided for this activity through collaboration between ProCE, Inc. and Wild Iris Medical Education, Inc. Wild Iris Medical 
Education, Inc. is accredited as a provider of continuing education by the American Nurses Credentialing Center's Commission on 
Accreditation. This activity provides 1.0 contact hour of nurse CE credit. 

Continuing education credit for this activity is available through December 31, 2014.

  EDUCATIONAL FUNDING

 
This program was supported by an unrestricted educational grant from Hospira, Inc.  

  DISCLOSURE

Please note: The information and views presented in this monograph are those of the faculty through clinical practice and knowledge of the professional literature.  Portions 
of this program may include the use of drugs and/or devices for unlabeled indications.  Use of drugs and/or devices outside of labeling should be considered experimental.  
Participants are advised to consult and verify manufacturer product information, the professional literature and use his/her professional judgment in applying the presented 
information in patient care activities.

   FACULTY

Nancy Moureau, BSN, CRNI
PICC Excellence, Inc.
Rincon, GA

Nancy Moureau is an internationally recognized speaker on Peripherally Inserted Central Catheters
and issues of intravenous practice. Having received her baccalaureate in nursing at East Carolina
University in North Carolina, Nancy began nursing in Pediatrics and Neonatal Intensive Care departments.
Nancy had the opportunity to work with Medical Missions in the Dominican Republic through
the Christian Medical Society and the Baptist Church, seeing first hand, children and adults with great
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It is the policy of ProCE, Inc. to ensure balance, independence, objectivity and scientific rigor in all of its continuing education programs. Faculty must disclose to program
participants any significant relationships with companies that manufacture or market products discussed during their presentation. Nancy Moureau reports receiving grants
and honoraria from Hospira, Boston Scientific and Genentech for speaking, education and research. A portion of grant funds received by ProCE from Hospira will be used to
compensate the faculty for this program. 

medical needs. These experiences led to further work with infusion services and home health in the United States. Starting in
home health in 1984, Nancy has worked in all levels of nursing including; staff community Medicare nurse, supervisor of infusion
services, director of nursing, and branch manager. Nancy’s insertion training for Peripherally Inserted Central Catheters
was received at MD Anderson Cancer Center in Houston, Texas. Nancy is Certified in Intravenous Therapy and is a member of
multiple organizations including the Association of Vascular Access (AVA), the League of Intravenous Therapy Education (LITE),
and the National Home Infusion Association (NHIA). Her research interests are clinical applications of thrombolytics, flushing,
practice improvement for vascular access, and areas of complication prevention. Current practice includes intravenous and
PICC consulting, education programming, product development and management of PICC Excellence, Inc. PICC Excellence, Inc.
is an educational company specializing in PICC, Midline and intravenous training programs. Nancy is an active author, speaker,
researcher, expert witness, and consultant for associations, manufacturers, distributors, home health companies, infusion pharmacies
and hospitals on PICC Lines and other issues dealing with vascular access education.
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Introduction
Each year in the United States (US) alone, there are over 7 
million central venous catheters (CVCs) placed in patients; of 
these, half are peripherally inserted central catheters (PICCs) 
(Richardson, 2007). CVCs reach an average completion rate of 
approximately 69%, while PICCs specifically have a comple-
tion rate of 47-69%. Practically speaking, this means that 
for each catheter placed, the patient will complete therapy, 
without complications and problems, only about half of the 
time (Turcotte, 2006).

CVCs and complications associated with them are a major 
focus in the current healthcare environment. Our job as those 
who are experts in dealing with central venous catheters and 
peripherally inserted central catheters is to find ways to avoid 
these complications. Our goal is for patients to complete their 
therapy with one device for the full length of the required 
treatment course. 

Catheter Related Blood Stream Infections
Serious Catheter Related Blood Stream Infections (CRBSIs) are 
most often related to CVCs. The incidence of CRBSI for PICCs 
alone is from 0.4 to 14.7 cases per 1,000 catheter days (Mou-
reau, 2002; Safdar, 2005). Of the quarter of a million cases of 
CRBSI with CVCs per year in the US, approximately 100,000 of 
those result in death (CDC, 2002). The remaining cases result 
in morbidity that costs patients their health and health care 
systems increasing amounts of money. CRBSI is pinpointed for 
2008-9 for eradication. The goal is 0% infection rate. Because 
the Centers for Medicare and Medicaid has deemed CRBSI 
as preventable, after October 1, 2008,  no reimbursement is 
provided for patients who are admitted to hospitals without 
infections and later develop an infection associated with the 
catheters, specifically central venous catheters. The longer 
the catheter is in place, the higher the risk of CRBSIs. Studies 
have shown that catheter stays of 20 days or longer actu-
ally double the risk of infection.  Therefore it is imperative to 
initiate the highest standards of care and maintenance and to 
utilize every available advancement and technique possible 
to eradicate CRBSIs. For hospitals that have not made the 
change and have not instituted preventative measures, the 
potential loss is huge.  Country wide, the loss is estimated to 
be about 2.3 billion dollars (Pronovost, 2006). This is a very 
conservative figure; it could be much higher.   

The best way to eradicate CRBSIs related to CVCs is by follow-
ing standard procedures as listed by the Centers for Disease 
Control and Prevention (CDC), Infusion Nurses Society (INS), 
Agency for Healthcare Research and Quality (AHRQ), Institute 
for Healthcare Improvement (IHI) and various other entities. 
Many institutions have been able to approach that “0” mark, 

reduce the number of complications and provide for safe 
patient care by applying best practices, using the bundle ap-
proach, and by systematically applying preventative measures.

The standards and guidelines published by INS and the CDC 
include:  
1) education and designation of specialty individuals for those  
    performing the insertion procedure and caring for the lines;  
2) use of surgical scrub technique when washing hands; and 
3) the use of maximal sterile barrier precautions with   
    chlorhexidine prepping during central venous insertions.  

Let’s look at these individually.

PICC Teams
The team effort approach to insertions has had such a positive 
effect on outcomes that the CDC 2002 Guidelines for Preven-
tion of Catheter Related Infection includes this (education) as 
their number one recommendation for reduction of complica-
tions associated with CVCs (CDC, 2002). CVC teams, that is 
teams that are specific to PICCs or teams that are specific to 
CVCs as a whole, have already been shown to reduce CRB-
SIs and improve outcomes in a variety of ways, not just with 
infections, but with occlusions and other complications. CVC 
teams are specifically trained, not only in exact insertion and 
placement procedures, but also in assessment of veins prior 
to insertion as well as specific care and maintenance pro-
cesses after insertion. These specialists have been educated, 
they know what to look for and they know what to do when 
they see the first signs of a complication. Identification and 
early intervention for complications help to prevent more seri-
ous problems from developing.

Surgical Scrub Hand Washing Technique
Surgical scrub hand washing technique, used prior to strict 
sterile procedures, includes a two to five minute scrub with 
antibacterial soap (INS, 2006). This requires scrubbing the 
front and back of hands, forearms, between fingers and 
around fingernails. Use a paper towel to dry hands and turn 
water off with the paper towel. Do not touch anything after 
scrubbing and before gloving. Hands should be raised up 
above the elbows after scrubbing and should remain in this 
position until gloved. This technique is used prior to invasive 
procedures such as CVC placement.

Maximal Sterile Barrier Precautions 
Maximum barrier precaution includes the use of cap, mask, 
shield, sterile gloves, sterile gown, and full body sterile drapes 
for the patient. The cap, mask, shield, gloves, and gown are 
designed to keep microorganisms on your skin away from the 
patient.  The full body drape is to maintain a large sterile area, 
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reducing the risk of contamination during the procedure. A 
large sterile field allows for safer management of long cath-
eters, wires, and other equipment by maintaining a protected 
area and preventing items from touching something outside 
the sterile area.

In addition to strict adherence to standards, guidelines, and 
procedures, there are a number of other changes facilities 
can make to provide preventative measures. Changes that are 
making a huge impact include using chlorhexidine as a prep-
ping agent during insertion and dressing changes, using the 15 
second “scrub the hub” procedure prior to any access, using 
antiseptic catheters, using specific forms of assessment and in-
tentional processes for patient, catheter, and site selection, and 
removing the catheters as soon as they are no longer needed.

Collaborative practice is best in a multi-disciplinary environ-
ment to make sure all of these techniques are used with every 
central line placement, both from the nursing area as well as 
the medical area. Ensuring that clinicians are aware of these 
preventative measures and that everyone is working together 
to implement them will help to reduce CRBSIs and other 
complications. 

Occlusions
Occlusions are the most common complication with PICCs. 
The combination of a long catheter and a small diameter cre-
ates problems if the line is not properly maintained. Any CVC, 
whether it is the largest dialysis catheter or the smallest PICC 
line, can have occlusion problems. Incidence of occlusion 
depends on the facility and ranges from 2-25%. Occlusion can 
be caused by insufficient flushing, frequent blood withdrawal, 
or reflux of blood into the catheter (Gorski, 2003).

An occlusion is anything partially blocking the catheter or 
totally blocking the flow through the catheter.  Partial occlu-
sion means the flow is reduced or there is fibrin over the end 
of the catheter. This fibrin still allows infusions to occur, but 
the clinician is unable to get blood return with aspiration. 
Partial occlusions are so common that their rate is not even 
monitored. Total occlusion means you have no blood return, 
no ability to flush, and no ability to administer the treatments 
necessary for the patient. It is necessary to resolve an occlu-
sion quickly by either providing treatment with a thrombolytic, 
doing some other procedure in order to clear the line, or if 
necessary, replacing or exchanging the catheter. Occlusions 
left untreated can become a source of infection.

Early signs of occlusion include sluggish flow or intermittent 
blood return. If you are experiencing either of these, action 
needs to be taken immediately. When something is not func-
tioning as it should, it is important to find the cause as quickly 
as possible. 

Causes of Occlusions
Reflux of blood into the catheter, especially small diameter 
catheters, is the number one cause of partial and complete 
occlusions. When blood is pulled back into the catheter, red 
blood cells stick to the inside of the catheter. This is why 
flushing after a blood draw is so important. Try to ensure that 
as many red blood cells as possible are flushed back out of 
the catheter to reduce the potential for complete occlusion. 
If the catheter is not thoroughly flushed, the red blood cells 
will continue to adhere to the inside of the catheter each 
time there is a reflux of blood, creating layer upon layer of 
cells which will eventually cause suboptimal flow through the 
catheter. Reflux of blood into the catheter is caused by discon-
nection of syringes after flushing, muscle and arm movement, 
poor location of catheter tip, and changes in intrathoracic 
pressure.

Other types of occlusions are also related to flushing. If there 
is inadequate flushing between the infusion of medications, 
drug precipitates may form. Inadequate flushing is a signifi-
cant problem when medications are infused and there is a 
time lapse before the line is flushed. Be aware of flushing 
policies; reinforcing and encouraging good flushing practices 
among all staff is extremely important. 

In addition to blood and precipitate occlusions caused by 
poor flushing techniques, a catheter can also be affected by 
mechanical and functional occlusions. Mechanical occlusions 
are caused by simple mechanical issues; such as, someone 
forgot to open a clamp, the sutures are too tight or the tubing 
is kinked. Be aware of the device you are using and how it 
functions. This awareness makes it easy to find a problem 
with a kinked tube or a closed clamp. 

Treatment of Occlusions
Treatment to resolve catheter occlusions depends on the 
cause of the occlusion. If the occlusion is caused by blood 
fibrin, then thrombolytics are used. The risk-benefit ratio must 
be considered when deciding what is best for the patient. 
Ask the question: What needs to happen in order to get the 
patient’s catheter functioning so there are no delays in treat-
ment? Is it better for the patient to have the device replaced?  
Should we treat it first; then, if that doesn’t work, replace it? 
What can be done to control costs and to promote patient 
safety? Once a catheter is placed, we really expect it to work 
for the duration of the patient’s therapy. When it loses its func-
tionality, we must determine the best way to get it functioning 
so the patient can continue with the prescribed treatments. 
Until that catheter is functioning properly, the patient is not 
getting treated, not getting cured, and not walking out that 
door. All of these things will impact the patient in terms of 
safety, and will cost the facility money. Every day the patient 
is delayed in the hospital is a chance for them to develop an 
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infection or another problem. The goal is to prevent complica-
tions, maintain catheter function and complete the treatment 
plan in the best way possible for the patient and the hospital.

Flushing to Prevent Occlusions
It is necessary to create strategies to avoid problems with 
occlusions. One of the biggest causes of occlusion is blood 
remaining within the catheter following the catheter aspiration. 
Reflux of blood into the catheter can occur from a variety of 
other causes; such as, coughing or vomiting, a patient‘s deep 
respirations or a patient’s postural movements.  Just bending 
the arm can cause reflux within the catheter. Syringe connec-
tions and disconnections can all cause reflux from rebound off 
the syringe barrel. When connecting a syringe, if you flush all 
the way down the barrel to the rubber part, the rebound by the 
rubber can cause reflux to occur.

It is still necessary to check for blood return and use the 
devices for blood draws. So the question becomes, how can 
we perform the necessary tasks without causing occlusions re-
lated to the reflux of blood? The best way to avoid the problem 
is to use vigorous flushing; a push, pause, push, pause method 
to clean out the catheter after each use, typically using a 10 mL 
syringe. Preventing reflux with the turbulent pressure technique 
is still theoretical. The evidence we have is based on flow dy-
namics which states that flow travels through the center of the 
catheter faster than it does near the edges. If we push harder 
with our flush syringe, we are creating a more rapid flow on 
the sides which helps to sheer away particles that may have 
adhered to the sides of the catheter, thus preventing occlusion.  
We can also utilize some of the technological devices that are 
available today. Positive pressure caps, neutral displacement 
caps, positive pressure flushing, and the saline-antibiotic-saline 
technique all aid in ensuring that blood is either pushed out 
or held back from entering the catheter.  It is not necessary 
to have both a positive pressure cap and a valved catheter or 
neutral displacement cap at the same time. 

Devices to Control Reflux (Table 1)
In addition to flushing techniques, there are a number of new 
devices and technologies available to help control blood and re-
duce reflux. These include valved catheters, pressure activated 
safety valves, neutral and positive pressure devices, and three 
way valves. Bard has the GroshongTM PICC and the PowerPICC 
SoloTM (C.R. Bard, Inc.). Boston Scientific has the Vaxcel® PICC 
with PASV® Valve (Boston Scientific Corporation) and Hospira 
has the Lifeshield® TKOTM device (Hospira, Inc.). All of these 
systems help to control reflux and reduce occlusion. 

How to Resolve an Occlusion
There are many different devices that help to maintain CVC 
function, but when catheter function fails, it is necessary to 
intervene with treatment (figure 1). The currently accepted so-

lution for catheter clearance is alteplase (Cathflo™ Activase®). 
The alteplase concentration for catheter clearance according 
to the package insert is 2 mg per 2 mL (Genentech, Inc., 2002). 
Identification and treatment of occlusions should be commonly 
adopted within your facility and taught to all personnel who 
maintain CVCs. The Cool-2 trials show the use of alteplase has 
minimal to no complications associated with use for catheter 
clearance (Deitcher, 2002). The amount of medication is very 
small, yet it is very effective in the catheter for clearing out 
partial or complete occlusions (Ponec, 2001; Deitcher, 2002). 
When a complete occlusion is present, it is best to use nega-
tive pressure, the stopcock, or the syringe method. When using 
the negative pressure approach, the catheter is first aspirated 
to remove any air and create a vacuum. The syringe with the 
alteplase is attached or stopcock turned to that syringe allow-
ing the solution to be pulled into the catheter. This vacuum pulls 
the solution and puts the alteplase in direct contact with the 
clot, allowing the thrombolytic activity to work most effectively 
(Moureau, 2002). The negative pressure approach avoids rup-
ture and is the safest technique, especially when working with 
softer catheters (Moureau, 2005).

Case Studies 
Ms. K was admitted for endometriosis and dehydration. After 
a venous assessment it was determined that her peripheral 
veins were not adequate for the treatment and, based on the 
medications ordered, required a central venous catheter. A 
peripherally inserted central catheter (PICC) was placed on 
day two. On day four her nurses began to document pump 
alarms and difficulty obtaining lab work from the PICC. Lack of 
blood return and inability to draw lab levels caused the nurses 
to request an order for alteplase to remove the partial clotting 
in the catheter. Following an instillation and 60 minute dwell 
of 2 mL of alteplase, the nurse aspirated and achieved a full 
3 mL blood return. Full function was restored and maintained 
throughout the hospitalization.

Mr. C was receiving outpatient chemotherapy for metastatic 
cancer of the liver. An implanted port was placed early in his 
treatment process and now Mr. C is unable to receive his 
chemotherapy due to a completely blocked port. Arriving at 
the emergency room, a full access assessment was given 
confirming the occlusion. With the Huber access needle still in 
place, the nurse aspirated and clamped the tubing. Alteplase 
2 mg/2 mL syringe was attached and the clamp opened. The 
vacuum created by the aspiration pulled the alteplase into 
the port. Following a waiting period the thrombolytic was 
aspirated with blood return achieved. The port was flushed 
well and Mr. C discharged home to resume his chemotherapy 
treatments. 

Be Proactive
What do we want in dealing with occlusions? We want a 
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Table 1*

GroshongTM (C.R. Bard, Inc.)
www.bardaccess.com/nurse-grosh-picc.php

• Three-way valve in distal tip of catheter
• Slit in tip remains closed when not in use
• Saline-only flush  
   (Best when last 0.5 mL injected while removing syringe)
• Once weekly flushing when not in use 

PowerPICC SoloTM  (C.R. Bard, Inc.)
www.bardaccess.com/nurse-powerpiccsolo.php

• Three-slit valve in hub of catheter
• Middle slit for infusion
• Top and bottom slits allow fluid when catheter aspirated
• Up to 5 mL per second at 300 psi
• Once weekly flushing when not in use 

Vaxcel® PICC with PASV® Valve  (Boston Scientific Corporation)
www.bostonscientific.com/templatedata/imports/HTML/TSA/VenousAccess/vxlpiccpsv_hp.html

• PASV-Pressure Activated Safety Valve
• Three-way valve in external hub of catheter
• Saline or heparin
• Pulsatile (start/stop) technique when flushing
• Once weekly flushing when not in use

Lifeshield® TKOTM device (Hospira, Inc.)
www.hospira.com/Products/lifeshieldantirefluxdevice.aspx

• Pressure activated anti-reflux add-on device 
• Rated up to 300 psi 
• Dome shaped valve 
• Flush per facility protocol 
• Valve function not impacted by clamping
• Prevents known causes of blood reflux (mechanical and  
   physiological)

* Images from manufacturer web-sites. Readers should visit each web-site for detailed descriptions and images of valve mechanics. 
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proactive approach; we want to teach people how to deal 
with occlusions, how to troubleshoot, how to use tPA in order 
to clear the occlusions. Identify any kind of partial occlusion 
quickly. If you have flow problems, if you are having any dif-
ficulties with drawing blood back from the catheter, don’t wait 
and let someone else take care of it. You will save time and 
you will save trouble for everyone involved.  Go ahead and 
lock that device with a thrombolytic just like you would with a 
heparin lock; put a thrombolytic into the catheter and leave it; 
come back and aspirate. Be proactive at the slightest change 
in flow rate and you will avoid that complete occlusion. 

Thrombolytics are valuable. We use saline and heparin to keep 
our lines working. We should also be using alteplase or tPAs 
just as easily. Again, be proactive with education for all staff. 
Work on competency as part of your annual education. Use 
the technology that is available to prevent reflux and maintain 
catheter function to save time and safeguard our patients. 
When displacement caps are used, either the positive device 
displacement or the neutral pressure caps, according to man-
ufacturer instructions, the caps need to be applied in a sterile 
manner and managed in a way that provides a safer environ-
ment for our patients. These caps do have to be cleaned prior 
to every access. We want to reduce reflux, but most of all, we 
want to reduce occlusion.  

The Vision
Wouldn’t it be nice, to have no complications, no infections, 
and no occlusions? To have the perfect catheter with ev-
erything working from insertion until discontinuation of that 
catheter? All we need is a vision. We just need to make it 
happen. How can we meet the goal? Through education and 
prevention. What is our goal? Zero everything! Why not? We 
need to work on taking the challenge and beating the odds! 
You don’t need to have occlusions at 25%. You don’t need to 
have infections at all. We need to work really hard until we 
achieve our goal, until we get below 2% or down to zero. I 
challenge you to use best practice in all areas, not just what 
the CDC says, but what you know will work best. Study hard 
and think through your options. Use rational, logical thought in 
order to understand and decide what products you are going 
to use to keep those lines open. 
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What is the number one recommendation by the 1. 
Centers for Disease Control for reducing complications 
associated with CVCs?

Don’t insert any CVCs unless the insertion procedure a. 
can be done in the OR.
Educate and train health care providers who insert b. 
and maintain catheters.
Replace all CVCs every two days to eliminate c. 
complications.

 d.    The complication rate is so low that the CDC has not  
                     made any CVC recommendations.

A surgical scrub ha2. nd washing technique should be used 
prior to any invasive procedure such as CVC placement. 
A surgical scrub requires: 
a.    The use of Ivory soap as this has been proven as the  
       soap with the least amount of additives. 

 
       soap to remove all impurities from the gloves. 

 
       antibacterial soap making sure to scrub the front  

 
 

d.    An 8-step scrub performed in the OR.
3. 

protective equipment prior to an invasive procedure. This 
equipment includes: 
a.    Cap, mask, shield, gloves, gown, and full body  
       drapes for the clinician. 
b.    A full body drape for the patient as well as drapes to  
       cover everything in the room. 
c.    A plastic shield to be placed over the clinician’s nose  
       and mouth so he/she cannot breathe on the  
       insertion site. 
d.    Cap, mask, shield, sterile gloves and sterile gown for  
       the clinician and full sterile body drapes for the  
       patient.
What is the most common complication with PICCs? 4. 
a.    Occlusions 
b.    Phlebitis 
c.    Infections 
d.    Dislodgement of the catheter
Which of these is an early sign of occlusion? 5. 

 
b.    The ability to get a blood return when aspirating a  

 
c.     A two-inch rash breaks out just beneath the insertion site. 
d.    The patient’s arm turns a bluish color because of the  

When are thrombolytics used as a treatment procedure 6. 
for an occluded catheter? 
a.    When the occlusion is caused by a mechanical  
       problem. 
b.    When the occlusion is caused by drug precipitates. 

 
d.    Thrombolytics should never be used to treat an  
       occluded catheter.
What is the number one cause of partial and complete 7. 
occlusions of catheters? 
a.    Sutures being too tight, squeezing the catheter. 

 
c.    Drug precipitates building up in the catheter. 

What is the best way to prevent occlusions caused by 8. 
 

a.    Kink the tubing immediately after aspirating blood to  
       change the pressure in the tube. 
b.    Don’t ever draw blood from a PICC as these lines are  
       too small in diameter to maintain patency. 
c.    The patient must remain as motionless as possible  
       while the catheter is residing in the vein to prevent  

 
 

       catheter each and every time it is used for infusions  
       or blood draws.

9. 
technologies available to help control blood and reduce 

 
a.    Valved catheters and kinkless tubing. 
b.    Negative pressure devices and one-way valves. 
c.    Valved catheters, pressure activated safety valves,  

 
       devices and three way valves. 
d.    Kinkless tubing, “always open” clamps, one way  
       valves and positive pressure devices.

10. 
be to: 
a.    Remove the PICC as quickly as possible. 
b.    Immediately instill a thrombolytic. 
c.    Insert a new PICC right next to the original PICC so  
       medications can continue on schedule. 

 
       drug precipitate issues. Finally, determine if there is  

Continuing Education Processing
Continuing education for this activity is processed through the ProCE online CE Center. To receive CE credit, please complete
the program Post-Test and Evaluation at www.ProCE.com/cvc-patency.html. With a passing grade of 70% or greater on the 
Post-Test, you will be able to print your CE certificate online. 

Post-Test
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