Venous access
A practical review for 2009
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Venous access is one of the most basic yet critical
components of patient care both in hospital and in
ambulatory patient settings. Safe and reliable venous
access is an important issue in daily practice, and under-
standing the options and being able to counsel patients
on appropriate devices is of growing importance to fam-
ily physicians.

There are a variety of options available for venous
access. Venous access device (VAD) selection must be
tailored to each patient’s needs and to the type, dura-
tion, and frequency of infusion (Table 1). In this brief
review, we will explore issues related to VAD selection
and maintenance.

Conventional peripheral intravenous lines
Conventional peripheral intravenous (IV) lines are sim-
ple, inexpensive, and can be used for short-term 1V ther-
apy. Veins are typically accessed in the patient’s hand
or arm, and sometimes in the foot.!? Intravenous lines
must be replaced frequently, as the complication rates
of infiltration and phlebitis increase dramatically with
increased catheter dwell-time.? In order to reduce the
possibility of phlebitis, the Centers for Disease Control
and Prevention recommends replacing peripheral
venous catheters and rotating the site at least every 72
to 96 hours.! This increases the expense for patients
who require IV access for more than a few days and
makes outpatient treatment more complex.

Midline peripheral catheters

Midline catheters are inserted into the antecubital (or
other upper arm) vein. They are typically 20 cm long
and their tips do not reach the central veins of the tho-
rax.*s They are used for venous access of between 1
and 4 weeks’ duration but are not advised for admin-
istration of vesicant or highly irritating drugs that
could harm the peripheral veins (eg, chemotherapy).+¢
Midline catheters are safe and effective but their use
is declining in favour of peripherally inserted central
catheters (PICCs), which have similar insertion costs
but added benefits of central tip location and longer
potential dwell-times.”

Central catheters

Central lines terminate in the veins within the thorax.
Central lines can be classified as either peripherally
inserted or centrally inserted central devices. As cen-
tral venous access is potentially lifesaving, there are

‘ Praxis

Murray Asch mp rrepc - Andrew Myers mMpcm FRCPC

no absolute contraindications to performing the proce-

dure?; however, knowing which device is most appropri-

ate for each situation might improve patient outcomes.

Aside from emergent placement of central lines,
the indications for central catheters include the fol-
lowing:

« administration of IV fluids, medications, or blood
products, either in large quantities or over a pro-
longed period of time;

« administration of medications that are harmful to
peripheral veins (eg, chemotherapy);

- long-term access to the central venous system for
repeated procedures, such as blood sampling; and

« poor or inaccessible peripheral venous access.>!!

Peripherally inserted central catheters. Peripherally
inserted central catheters are most commonly inserted
via the basilic, brachial, or cephalic veins.”!° Insertion is
easier and safer than that of centrally inserted catheters
in particular, without the attendant risk of pneumotho-
rax and hemothorax.!° In some centres, skilled nursing
teams have been trained to insert PICCs.

Peripherally inserted central catheter lines are indi-
cated in patients requiring several weeks to 6 months
of IV therapy. Common indications for PICC lines
include parenteral delivery of nutrition, antibiotics,
and analgesics, as well as chemotherapy and repeated
blood transfusions.

Peripherally inserted central catheters require fre-
quent flushing and dressing changes, and the insertion
site should not get wet. Complications include dislodg-
ment, occlusion, mechanical phlebitis, and deep vein
thrombosis (DVT). The claim that PICCs have lower
rates of infection than centrally inserted catheters has
not yet been substantiated in the literature.'?

Centrally inserted catheters. For central insertion, pre-
ferred veins include the internal and external jugular.
Although access to the subclavian might be technically
easy using bony landmarks in the absence of ultrasound
guidance, it is generally not advised to place VADs
directly into this vein owing to the relatively high inci-
dence of venous thrombosis and the increased risk of
catheter damage or fracture associated with subclavian
lines.!>14

The 3 main types of centrally inserted catheters are
as follows: non-tunneled, skin-tunneled, and implant-
able ports.
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Non-tunneled catheters: Non-tunneled catheters
are primarily used for short-term access in the emer-
gency department, operating room, and intensive care
unit. These lines are typically meant for rapid resusci-
tation or pressure monitoring. The lifespan of the cath-
eter is 5 to 7 days, and can provide up to 5 lumens
for separate access.” These catheters are associated
with a higher risk of infection and are inappropriate for
patients who require central venous access for longer
than 2 weeks.>1®

Skin-tunneled catheters: Skin-tunneled catheters,
such as Hickman catheters, are appropriate for lon-
ger residence and reduce the incidence of infection by
increasing the distance between the skin entry site and
the venotomy. Although they provide reliable long-term
access, their complications include thrombosis, occlu-
sion, and infection.'® These lines are favoured in patients
requiring frequent and long-term venous access, partic-
ularly for infusion of blood products.

Implantable ports: The implantable port consists of
a catheter attached to a reservoir that is implanted into
a surgically created pocket on the chest wall or upper
arm. A needle is inserted through the port’s septum to
access the reservoir. Advantages include less interfer-
ence with daily activities, less frequent flushing, and
reduced risk of infection. Disadvantages include the
need for needle insertion, increased discomfort, and
the risk of extravasation. These devices are expensive,
and are more difficult and time-consuming to insert
and remove.'
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Issues to consider

Image guidance. Ultrasound evaluation of veins is
very valuable to ensure patency before venous puncture.
Real-time ultrasound guidance has also been shown to
reduce complications and improve technical success of
central line placement.'”!® A recent death following mis-
placement of a central venous catheter has prompted
the Ontario Patient Safety Review Committee to recom-
mend that practitioners who insert central catheters use
ultrasound guidance.!

Renal failure. In order to preserve veins for future
hemodialysis access (fistula or graft), it is essential to
consult with the interventional radiologist or nephrolo-
gist before placing upper extremity or subclavian lines of
any type in patients who might eventually require dialysis.

Thrombosis. Thrombosis can occur within the cath-
eter or within the vein. Thrombosis within the catheter
might interfere with infusion (flushing) or aspiration
through the catheter, or might cause complete occlu-
sion of 1 or more lumen. Low-dose thrombolytic therapy
(eg, alteplase dwell) can often restore patency within an
hour.?* Many VADs include an antireflux valve in their
designs or include a positive pressure valve in their
packaging. Vigilance in following flushing protocols and
the use of prophylactic low-dose anticoagulants where
appropriate can decrease the incidence of thrombosis,
which in turn reduces the infection rate as thrombus
can provide a medium for bacterial growth.'¢

Table 1. Types and uses of current prevailing venous access devices

TYPE OF DEVICE WHEN TO USE

WHEN TO AVOID

Peripheral devices
e PIV

e Midline catheter
of PICCs

Central devices
* PICC

* Non-tunneled central catheter

pressure monitoring

e Tunneled central catheter

not possible

 Implantable port

options less appealing

For short-term access (up to 96 hours)

Rarely used because of growing popularity

For medium-term access (up to 6 months) and
especially for antibiotics, TPN, chemotherapy,
transfusions, and frequent blood sampling

For short-term access when PIV is not suitable,
and especially for resuscitation and central venous

For frequent long-term access, and especially for
TPN, transfusions, and frequent blood sampling
Can be used when PICC line is contraindicated or

For infrequent access on a long-term basis or
when lifestyle concerns make one of the other

When access is needed for more than a few
days

When access is needed for longer than 1
month or when vesicant medications are
involved

When long-term (or permanent) access is
required

Not recommended for dialysis (or predialysis)
patients

When access is required for more than a few
days (use a tunneled catheter instead)

When access of shorter duration is required
(consider an implantable port if access is to
be less frequent)

When venous access is regularly required
(frequent needle pokes would be
uncomfortable for the patient)

PICC—peripherally inserted central catheter, PIV—peripheral intravenous, TPN—total parenteral nutrition.

VOL 55: MAY + MAI 2009 Canadian Family Physician - Le Médecin de famille canadien 495




Praxis

The presence of a foreign body (ie, a VAD) might serve
as a stimulus for venous thrombosis. The actual inci-
dence of VAD-associated thrombosis is unknown—the
majority of patients are asymptomatic. Patients presenting
with swelling, warmth, and redness of the arm should be
referred for upper extremity Doppler venous ultrasound
to check for potential DVT.?! Subclavian vein compression
thrombosis is an uncommon complication of using a VAD;
patients presenting with symptoms of subclavian vein
compression syndrome should be referred for enhanced
chest computed tomography or central thoracic veno-
gram.? 1t is important to note that as long as the VAD con-
tinues to function and central venous access is required, it
should not be removed on account of venous thrombo-
sis.2* Venous access device-associated venous thrombosis
is treated with systemic anticoagulation, in the same way
as lower extremity DVT is managed.

Nonthrombotic occlusion of VAD is uncommon, but
can occur when incompatible infusions result in precipita-
tion and blockage of the lumen. Algorithms are available
to guide attempts to reestablish patency in such occluded
catheters, but are beyond the scope of this review.

Infection. One of the most serious complications
of VADs is infection, including bacterial endocarditis.
Central devices, including PICCs, carry greater risk of
infection because they are open to the larger veins of
the body. Tunneled catheters have lower infection rates
and ports risk even fewer infections.”'®

It is essential to differentiate between local inser-
tion site inflammation and true infection. Infections
can be divided into entrance-site cellulitis (which usu-
ally responds to antibiotic treatment), skin tract or
tunnel infection, and catheter-related bacteremia.?425
Preventive use of antibiotics has not been shown to
reduce the risk of infection.?¢ Meticulous sterile tech-
nique at the time of catheter insertion, when access-
ing the central line, and when changing dressings is
essential. Antimicrobial-coated or impregnated cath-
eters have also been developed?”2?8; however, these are
seldom used in clinical practice.

Conclusion

Reliable venous access is an essential aspect of medical
care. There are many options and approaches from which
to choose—selecting the appropriate device and knowl-
edge of the detection and management of complications
are skills that are essential to family physicians. %

Mr Cheung is a medical student at Queen’s University in Kingston, Ont. Dr
Baerlocher is a resident in the Radiology Residency Training Program at the
University of Toronto in Ontario. Drs Asch and Myers are staff radiologists in the
Department of Radiology at the Lakeridge Health Corporation in Oshawa, Ont.

Competing interests
None declared

Correspondence
Mr E. Cheung, School of Medicine, Queen’s University, 68 Barrie St, Kingston,
ON K7L 3N6; e-mail 5emc@queensu.ca

References

1. Adams J, Molzhan A. Fluid, electrolyte, and acid-base balances. In: Potter PA,
Perry AG, Ross-Kerr JC, Wood MJ, editors. Canadian fundamentals of nursing.
3rd ed. Toronto, ON: Elsevier Canada; 2006. p. 1144-208.

2. Lilleby K, Altman GB, Barenz TA. Starting an IV. In: Altman GB, editor.
Delmar’s fundamentals and advanced nursing skills. 2nd ed. New York, NY:
Thomson Learning, Inc; 2004. p. 1035-43.

3. Smith B. Peripheral intravenous catheter dwell times: a comparison of 3
securement methods for implementation of a 96-hour scheduled change pro-
tocol. J Infus Nurs 2006;29(1):14-7.

4. Anderson NR. When to use a midline catheter. Nursing 2005;35(4):28.

5. Gilbert TB, Seneff MG, Becker RB. Facilitation of internal jugular venous can-
nulation using an audio-guided Doppler ultrasound vascular access device:
results from a prospective, dual-center, randomized, crossover clinical study.
Crit Care Med 1995;23(1):60-5.

6. Maki DG. Reactions associated with midline catheters for intravenous access.
Ann Intern Med 1995;123(11):884-6.

7. Horattas MC, Trupiano J, Hopkins S, Pasini D, Martino C, Murty A. Changing
concepts in long-term central venous access: catheter selection and cost sav-
ings. Am J Infect Control 2001;29(1):32-40.

8. Taylor RW, Palagiri AV. Central venous catheterization. Crit Care Med
2007;35:1390-6.

9. Dougherty L. Central venous access devices. Nurs Stand 2000;14(43):45-50.

10. Moureau N, Poole S, Murdock MA, Gray SM, Semba CP. Central venous
catheters in home infusion care: outcomes analysis in 50,470 patients. J Vasc
Interv Radiol 2002;13(10):1009-16.

11. Ng PK, Ault MJ, Ellrodt AG, Maldonado L. Peripherally inserted central cath-
eters in general medicine. Mayo Clin Proc 1997;72(3):225-33.

12. Tariqg M, Huang DT. PICCing the best access for your patient. Crit Care
2006;10:315.

13. Trerotola SO, Kuhn-Fulton J, Johnson MS, Shah H, Ambrosius WT,
Kneebone PH. Tunneled infusion catheters: increased incidence of symp-
tomatic venous thrombosis after subclavian versus internal jugular venous
access. Radiology 2000;217(1):89-93.

14. Debets JM, Wils JA, Schlangen JT. A rare complication of implanted central-
venous access devices: catheter fracture and embolization. Support Care
Cancer 1995;3(6):432-4.

15. Miller DL, O’'Grady NP. Guidelines for the prevention of intravascular
catheter-related infections: recommendations relevant to interventional
radiology. J Vasc Interv Radiol 2003;14(2 Pt 1):133-6.

16. Galloway S, Bodenham A. Long-term central venous access. Br ] Anaesth
2004;92(5):722-34. Epub 2004 Mar 5.

17. Robinson MK, Mogensen KM, Grudinskas GF, Kohler S, Jacobs DO.
Improved care and reduced costs for patients requiring peripherally inserted
central catheters: the role of bedside ultrasound and a dedicated team. JPEN J
Parenter Enteral Nutr 2005;29(5):374-9.

18. Milling TJ Jr, Rose J, Briggs WM, Birkhahn R, Gaeta TJ, Bove JJ, et al.
Randomized, controlled clinical trial of point-of-care limited ultrasonography
assistance of central venous cannulation: the Third Sonography Outcomes
Assessment Program (SOAP-3) Trial. Crit Care Med 2005;33(8):1764-9.

19. The College of Physicians and Surgeons of Ontario. Use of ultrasound-guided
central venous catheter insertion urged. Dialogue 2008;4(3):24-5. Available
from: www.cpso.on.ca/uploadedFiles/downloads/cpsodocuments/
policies/publications/Dialogue_July2008.pdf. Accessed 2009 Feb 24.

20. Lok CE, Thomas A, Vercaigne L. Canadian Hemodialysis Catheter Working
Group. A patient-focused approach to thrombolytic use in the management
of catheter malfunction. Semin Dial 2006;19(5):381-90.

21. Whitman ED. Vascular access for cancer. In: Norton JA, Barie PS, Bollinger
RR, Chang AE, Lowry SF, Mulvihill SJ, et al, editors. Surgery. Basic science and
clinical evidence. New York, NY: Springer; 2000. p. 1795-822.

22. Plekker D, Ellis T, Irusen EM, Bolliger CT, Diacon AH. Clinical and radiologi-
cal grading of superior vena cava obstruction. Respiration 2008;76(1):69-75.
Epub 2007 Sep 25.

23. Bishop L, Dougherty L, Bodenham A, Mansi J, Crowe P, Kibbler C, et al.
Guidelines on the insertion and management of central venous access
devices in adults. Int ] Lab Hematol 2007;29(4):261-78.

24. Denys BG, Uretsky BF, Reddy PS. Ultrasound-assisted cannulation of the
internal jugular vein. A prospective comparison to the external landmark-
guided technique. Circulation 1993;87(5):1557-62.

25. Parkinson R, Gandhi M, Harper J, Archibald C. Establishing an ultrasound
guided peripherally inserted central catheter (PICC) insertion service. Clin
Radiol 1998;53(1):33-6.

26. Ryan JM, Ryan BM, Smith TP. Antibiotic prophylaxis in interventional radiol-
ogy. J Vasc Interv Radiol 2004;15(6):547-56.

27. Mermel LA. Prevention of intravascular catheter-related infections. Ann
Intern Med 2000;132(5):391-402. Erratum in: Ann Intern Med 2000;133(5):395.

28. Veenstra DL, Saint S, Saha S, Lumley T, Sullivan SD. Efficacy of antiseptic-
impregnated central venous catheters in preventing catheter-related blood-
stream infection: a meta-analysis. JAMA 1999;281(3):261-7.

We encourage readers to share some of their practice experience: the neat
little tricks that solve difficult clinical situations. Praxis articles can be
submitted on-line at http://me.manuscriptcentral.com/cfp or through the
CFP website www.cfp.ca under "Authors.”
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