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Device Selection

Nancy L. Moureau and Evan Alexandrou

Abstract
Selection of the right vascular access device 
requires assessment using an algorithmic pro-
cess, as represented in quadrants 1 and 2 of the 
VHP model, to provide the patient with a tai-
lored device suited to patient-specific clinical 
conditions. The process of device selection 
includes a rational assessment of the patient’s 
needs, vein anatomy and health and medical 
history as well as consideration of the charac-
teristics of the prescribed therapy, in conjunc-
tion with proper knowledge of the proposed 
treatment. However, the first consideration 

must be whether the patient’s therapy truly 
justifies administration via an indwelling 
VAD.  This first step is often overlooked in 
acute healthcare settings, where more than 
90% of therapies involve some form of IV 
administration. With developments in modern 
drugs, there may well be an oral administra-
tion alternative that is equally acceptable and, 
as such, is less risky to the patient. Perhaps the 
right VAD is no VAD at all!
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3.1	 �Types of Vascular Access 
Devices

Vascular access devices are characterized as 
either peripheral or central, dependent on whether 
the distal end of the device terminates in the 
peripheral veins of the body or the larger central 
veins. Vascular access devices (Fig. 3.1) include:

•	 Peripheral cannula
•	 Extended dwell/ultrasound-guided cannula
•	 Midline catheters
•	 Central venous access devices
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b  US-Guided Peripheral IV Catheter e  Tunneled Central Venous Catheter

a  Peripheral IV Catheter

c  Midline Catheter

Peripherally Inserted 
Central Catheter (PICC)

f  Implanted Port

d  Non-Tunneled Central Venous Catheter

Fig. 3.1  Types of venous access devices (Chopra et  al. 
2015). IV intravenous, US ultrasonography. (a) Peripheral 
IV catheter. These devices are typically 3–6 cm, enter and 
terminate in the peripheral veins (cross-section), and are 
often placed in the upper extremity in veins of the hand. 
(b) US-guided peripheral IV catheter. Ultrasonography 
may be used to facilitate placement of peripheral intrave-
nous catheters in arm veins that are difficult to palpate or 
visualize. “Long” peripheral IV catheters (typically 
≥8  cm) that are specifically designed to reach deeper 
veins are also available for insertion under US guidance. 
(c) Midline catheter. These devices are 7.5–25  cm in 
length and are typically inserted in veins above the ante-
cubital fossa. The catheter tip resides in the basilic or. 
cephalic vein, terminating just short of the subclavian 
vein. These devices cannot accommodate irritant or vesi-
cant infusions. (d) Nontunneled central venous catheter. 
Also referred to as “acute” or “short-term” central venous 
catheters, these are often inserted for durations of 
7–14 days. They are typically 15–25 cm and are placed 
via direct puncture and cannulation of the internal jugular, 
subclavian, or femoral veins. (e) Tunneled central venous 
catheter. These differ from nontunneled catheters in that 
the insertion site on the skin and site of ultimate venipunc-

ture are physically separated, often by several centime-
ters, reducing the risk for bacterial entry into the 
bloodstream and facilitating optimal location of the cath-
eter for care of the exit site. Tunneled devices may be 
cuffed or noncuffed; the former devices have a polyethyl-
ene or silicone flange that anchors the catheter within the 
subcutaneous tissue and limits entry of bacteria along the 
extraluminal surface of the device. (f) Implanted port. 
Ports are implanted in the subcutaneous tissue of the chest 
and feature a reservoir for injection or aspiration (inset) 
and a catheter that communicates from the reservoir to a 
deep vein of the chest, thus providing central venous 
access. Ports are cosmetically more desirable than other 
types of central venous catheter and can remain in place 
for months or years. (g) Peripherally inserted central cath-
eter. These long vascular access devices (>45  cm) are 
inserted into peripheral veins of the upper arm in adults 
and advanced so that the tip of the catheter resides in the 
lower portion of the superior vena cava or upper portion of 
the right atrium. They are similar to central venous cathe-
ters in that they provide access to the central circulation, 
but they do so without the insertion risks associated with 
direct puncture of deep veins in the neck, chest, or groin
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Although not considered a traditional form of 
VAD, administration of emergency drugs via the 
intraosseous route is gaining prominence in emer-
gency care protocols where the insertion of a for-
mal VAD cannot be successfully achieved in a 
timely manner. Whilst not central to discussion of 
VHP, the intraosseous (IO) route should still be 
borne in mind as an alternative with emergencies 
or when intravenous access is not attainable.

The selection and insertion of the most appro-
priate device for IV therapy are based on a num-
ber of key factors (Fig. 3.2):

3.2	 �Short Peripheral Intravenous 
Cannula (PIVC)

A short peripheral intravenous cannula (PIVC) is 
a catheter less than 7.5 cm in length, most com-
monly inserted in the veins of the hand, forearm 
or region of the antecubital fossa. PIVCs are used 
for the infusion of non-irritating, non-vesicant 
treatments and are a consideration for placement 
when qualifying treatments are expected to last 
for less than 5 days. Solutions with high osmolar-
ity are considered irritants or vesicants based on 
the response of the tissue to the solution. Irritating 
or vesicant medications and those with an osmo-
larity greater than 900 mOsm require larger veins 
for maximum haemodilution to avoid complica-
tions and should not be routinely given through a 
PIVC (Gorski et al. 2016). Irritating medications 

administered through a PIV should be avoided 
except in urgent situations, and the device should 
be replaced as soon as warranted due to patient 
condition. Complications associated with the use 
of irritating medications or solutions through 
catheters with peripheral terminal tip placement 
include phlebitis, thrombosis, occlusion and 
other complications arising from damage or 
inflammation of the vein wall. Dwell time is 
based on clinically indicated removal (Gorski 
et al. 2016; Rickard et al. 2012a). Peripheral can-
nulae are removed when a complication occurs or 
when therapy is completed.

3.3	 �Extended Dwell Peripheral 
(EDP) Cannula

An extended dwell cannula is a peripheral can-
nula measuring less than 8 cm but designed with 
a longer cannula (3–7.5  cm) to facilitate 
ultrasound-guided placement, deeper vein access 
and longer dwell (Castro and Allison 2012; 
Gorski et al. 2016). Placement varies but is pre-
ferred in the veins of the forearm or upper arm 
with a catheter long enough to ensure at least 
two-thirds of the catheter length will reside in the 
vein after insertion. Infusate considerations and 
dwell time are the same as with peripheral can-
nula (INS 2016). EDP may, at times, be consid-
ered a midline catheter depending on length and 
placement location.

Medication / infusate
characteristics

Indications
for VAD

Device and
treatment risk

factors

Patient
treatment plan

Patient condition
(acute chronic

renal)

Care setting/population > qualification of inserters/providers >
appropriate device selection

Vein
characteristics

Patient risk
factors

Estimated
duration

Fig. 3.2  Selection criteria for vascular access device (used with permission N. Moureau, PICC Excellence)
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3.4	 �Midline Catheter

A midline catheter is a longer peripheral cannula 
most commonly inserted into the upper arm via 
the basilic, cephalic or brachial veins, with the 
internal terminal tip located below the level of 
the axilla, distal to the shoulder (Gorski et  al. 
2016; Adams et al. 2016; Moureau and Chopra 
2016). Midline catheter length ranges from 8 cm 
up to 20  cm. Midline should not extend to the 
axillary vein or enter the chest. As with short 
peripheral IV catheters, midline catheters are not 
used if the osmolarity of prescribed solution is 
greater than 900 mOsm or the solution is consid-
ered irritating or vesicant. Haemodilution, which 
aids in protecting the vein from damage caused 
by irritating solutions, occurs at a lower rate in 
the smaller peripheral veins; therefore, irritating 
medications are not recommended for non-cen-
tral placement. Characteristics of certain medi-
cations and their level of irritation can be 
mitigated with dilution resulting in lower con-
centrations of the irritant. Insertion of a midline 
catheter is performed in a sterile manner. Midline 
catheters are available in different lengths, mate-
rials (i.e. silicone or polyurethane) and differing 
insertion methods (i.e. over the needle peel-
away, accelerated Seldinger, Seldinger). A mid-
line catheter is considered appropriate when 
therapy extends beyond 2  days up to approxi-
mately 14 days; however, dwell time of a mid-
line catheter does not often exceed 4 weeks and 
follows clinically indicated removal (Chopra 
et  al. 2015). Optimal dwell time for a midline 
catheter is unknown and based on complications 
or clinical need for removal with completion of 
treatment (O’Grady et al. 2011a, b).

3.5	 �Central Venous Access 
Device

A central venous access device (CVAD) is a cath-
eter or implanted port where the tip terminates in 
the vena cava either superior or inferior depend-
ing on upper or lower extremity placement.

The types of CVADs are:

•	 Peripherally inserted central catheters (PICCs)
•	 Non-tunnelled devices

•	 Tunnelled devices
•	 Implantable ports

CVADs facilitate the delivery of medications 
and solutions into larger central vessels providing 
greater haemodilution, reducing the risk of chem-
ical phlebitis and ensuring rapid distribution and 
clinical effect. The advantages of CVAD are that 
they can be used to infuse any medication. The 
disadvantages are the potentially life-threatening 
insertion-related complications (RCN 2005; 
Scales 2008) of air embolism, haemorrhage, 
pneumothorax and post-insertion thrombosis or 
infection.

3.5.1	 �Peripherally Inserted Central 
Catheter (PICC)

A PICC is a central venous cannula inserted 
through peripheral veins of the extremities or 
neck with the tip residing in the distal portion of 
the superior vena cava (SVC) or inferior vena 
cava (IVC) (Gorski et al. 2016). Any PICC posi-
tioned with the terminal tip outside the SVC/IVC 
is considered malpositioned and is not consid-
ered a PICC as the termination is no longer cen-
tral. PICCs are indicated for patients receiving IV 
therapy for periods greater than 5 days or when 
irritating medications or solutions are required 
(Chopra et  al. 2015). As a centrally positioned 
catheter, PICCs can be used to administer any 
type of fluid or medication. Terminal catheter tip 
is confirmed via electrocardiogram (ECG) posi-
tioning method, x-ray or fluoroscopic guidance 
verifying SVC IVC placement prior to use. 
Complications associated with PICCs include 
most commonly infection, thrombosis and occlu-
sion. Dwell time is based on clinically indicated 
removal when a central line is no longer neces-
sary or when a complication develops; optimal 
dwell time is unknown (O’Grady et al. 2011a, b).

3.5.2	 �Non-tunnelled Acute Care 
Catheter

Non-tunnelled acute care catheters are inserted 
via percutaneous access into the internal jugular, 
subclavian, axillary or femoral veins and are typi-
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cally used for patients in acute care requiring 
critical access. As with all central catheters, the 
terminal tip is positioned in the SVC/
IVC. Available in standard polyurethane, silicone 
and antimicrobial materials, and configured as 
single, dual, triple and quad lumens, these cathe-
ters are commonly used in critical care areas. 
Dwell time is often limited to 7–14  days since 
this is one of the highest-risk catheters and risk of 
infection increases with the number of days the 
catheter is in situ (Maki et  al. 2006). Dialysis 
catheters are intentionally excluded from this 
discussion.

3.5.3	 �Tunnelled Long-Term Catheter

A tunnelled long-term catheter (neck, chest or 
groin) is a device that exits the vein in one loca-
tion and is tunnelled under the skin to a separate 
exit site, where it emerges from underneath the 
skin. These catheters are held in place by a 
Dacron cuff adherent to the catheter, just under-
neath the skin at the exit site. The exit sites of 
tunnelled CVADs are most commonly located on 
the chest to facilitate catheter care. Passing the 
catheter under the skin in a tunnel may minimize 
bacterial movement along the insertion tract of 
the catheter into the vein. The tunnel also pro-
vides stability by anchoring the catheter with a 
Dacron cuff around the catheter positioned just 
under the skin in the tunnel and adherent within 
fibrous and subcutaneous tissue. Owing to their 
more invasive and permanent nature, tunnelled 
catheters are generally used for patients who 
require nutritional support or long-term venous 
access. Removal of tunnelled catheter requires 
dissection of the adherent cuff within the tunnel.

3.5.4	 �Subcutaneous Implanted 
Intravenous Port

Implanted ports considered a long-term CVAD 
are placed by surgical technique; they are posi-
tioned by creating a pocket in the subcutaneous 
tissue of the chest, arm, abdomen or leg, sliding 
the port into the pocket and connecting a cen-
trally placed catheter to the port. The catheter, 

previously advanced into the SVC/IVC, is 
attached to the port by way of a clip or metal 
cuff that holds the catheter on the port entrance. 
Ports have a minimal maintenance when not in 
use; monthly flushing is all that is recom-
mended to maintain patency (Camp-Sorrell 
2011). Implanted ports have a lower risk of 
infection compared to other external tunnelled 
and non-tunnelled central lines (Maki et  al. 
2006). The insertion of a port allows a patient 
to have minimal body image change owing to 
the implanted nature of the device with mini-
mal visibly. Physical activity is not impaired 
with ports; swimming is allowed when the port 
is not accessed. The disadvantages of ports 
include some anxiety and discomfort associated 
when port is accessed with a Huber needle. 
Training is recommended for the nurse unfa-
miliar with the steps of port access. The first 
access should be supervised by another profes-
sional familiar with the procedure, along with a 
review of the hospital policy and instructions 
for use of the device.

3.6	 �Other VAD Selection Factors

3.6.1	 �Quality of Infusate

The characteristics of the infusate can dictate 
device selection. Solution or medication concen-
tration, level of irritation, vasoactivity and chemi-
cal makeup will determine whether the medication 
is compatible with peripheral devices or requires 
a CVAD (Alexander and Hankins 2009; Gorski 
et al. 2016; Stranz 2002).

3.6.2	 �Length of Therapy

The duration of intravenous therapy impacts 
appropriate device selection (Chopra et  al. 
2015). The use of a peripheral intravenous cath-
eter (PIVCs) for peripherally compatible medi-
cations in the short term is appropriate; however 
extended duration of therapy with PIVCs would 
not be suitable even if the medication is periph-
erally compatible. PIVC usage would come 
under scrutiny if the duration of use is intended 
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to exceed 14 days due to the ongoing need for 
device replacement related to device failure 
(Wallis et al. 2014).

Those factors determining the length of time a 
patient will remain in an acute care bed include 
speed of diagnosis, initiation of treatment, con-
sistent administration of treatment and response 
to treatment plan. Whilst evaluation of the diag-
nosis and treatment plan is ongoing, factors such 
as failed vascular access and delays in adminis-
tration of medications are variables that impact 
the evaluation of adequate patient response to the 
treatment.

Kokotis, in her publication of 2005, described 
the impact of reduced length of stay as an area of 
cost reduction dependent on reliable drug infu-
sion via a reliable vascular access device from the 
onset of therapy resulting in outcome improve-
ment and the potential reduction on length of stay 
for the facility (Kokotis 2005). In a study con-
ducted at Brigham and Women’s Hospital/
Harvard Medical School in Boston, Robinson 
et  al. found the institution of a peripherally 
inserted central catheter (PICC) team using bed-
side ultrasound for placement reduced their cost 
of placement and reduced delays in patient dis-
charge resulting in a savings to the hospital esti-
mated at $950,000 (Robinson et  al. 2005). In 
another study conducted by the University of 
Michigan, savings with length of stay reductions 
were minimal, at 3% or less, since the highest 
cost is at the beginning of the stay (40%) and 
average cost per day at the end of hospitalization 
was $304 (Taheri et al. 2000).

Based on the savings with Robinson’s group, 
the reductions from early placement of bedside 
PICCs by a specialized team resulted in earlier 
discharges, adding up to significant savings to the 
facility. Initiation of a process to select those 
patients most at risk as length of stay outliers, 
those spending more than 6 days in acute care, 
has the greatest potential of improving the out-
comes for the patient and resulting in decreased 
length of stay.

Vessel Health and Preservation utilizes evi-
dence to support the best choice of VAD based on 
expected duration of treatment and infusate char-
acteristics of peripheral compatibility or irritating 
nature of medication (Babu et al. 2016; Chopra 

et al. 2015). The knowledge of device selection 
algorithms can help prevent common problems 
with peripheral devices such as phlebitis and 
infiltration but also more serious complications 
that include bloodstream infection and thrombo-
sis (Moureau and Chopra 2016).

3.6.3	 �Patient Assessment for Device 
Selection

Reducing risk and unnecessary harm in the hos-
pital environment begins with assessment of the 
patient’s condition, history, risk assessment and 
relative vessel health (Figs.  3.3 and 3.4). 
Matching the patient’s current state of health 
with the need for intravenous access prevents 
unnecessary IV restarts, reduces medication 
delays, is economically efficient and provides for 
optimal outcomes.

There are specific patient conditions that may 
increase the risk of complications or require spe-
cial treatment or knowledge when placing vascu-
lar access devices. Knowing these risk triggers in 
advance and planning for specialized treatment 
for placement of devices when these risks are 
present provide for safer vascular access and bet-
ter outcomes for the patient. The recommenda-
tions presented here are consistent with published 
guidance from organizations such as the Joint 
Commission, the National Patient Safety Goals 
(NPSG), the Centers for Disease Control and 
Prevention, the Institute for Healthcare 
Improvement, the Infusion Nurses Society, the 
American Society of Diagnostic and Interventional 
Nephrology, the Oncology Nursing Society and 
the Society for Healthcare Epidemiology of 
America (SHEA) strategies (Camp-Sorrell and 
Matey 2017; Gorski et  al. 2016; Hoggard et  al. 
2008; IHI 2012; Joint Commission 2017; O’Grady 
et al. 2011a, b).

When selecting a vascular access device, it is 
important to:
•	 Minimize the size of the catheter and select the 

smallest and shortest catheter possible to achieve 
infusion requirements without complications

•	 Select the fewest number of lumens; fewer 
lumens equal less risk for infection
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•	 Select the largest vessel possible to maximize 
dilution of medications with a terminal tip 
location appropriate to that medication and 
risk

•	 Consider the risk associated with insertion of 
a particular device and patient condition given 
the patient’s vascular access needs to deter-
mine risk/benefit ratio

•	 Select location and/or extremity with healthi-
est veins

•	 Select the device that is least invasive but most 
appropriate for treatment and duration

•	 Evaluate for renal dysfunction (creatinine 
greater than 2.0 or GFR <59 mL/min/1.73 m2) 
and avoid the use of the cephalic veins (pre-
serve for future fistula formation)

•	 Seek to accomplish required device placement 
within 24–48 h of admission

•	 Use multidisciplinary approach when per-
forming patient evaluation

3.6.4	 �Evaluation of Patient Risk 
Factors

Once the best vascular access device has been 
indicated based on the diagnosis, required thera-
pies and duration of therapy, the patient is assessed 
to determine if there are any additional risk fac-
tors that contraindicate that device or require spe-
cial placement considerations for the person/
department placing the device (Figs. 3.5 and 3.6).

Patient MRN: Age: _____

Diagnosis List: 1.________________

Daily assessment of device need documented for each day?   Yes / No

Documentation of device choice based on assessment of patient need and risk factors?   Yes / No

Documentation of vein health prior to device insertion?   Yes / No

Catheter / Vein Ratio Documentation?   Yes / No

Assessment for Right Device with in 24 hours?   Yes / No

Vascular Access Risk Factor Selection: Check all that apply

Limited Arm Use: CVA, Mastectomy, Age > or = 65 years

History of multiple IV attempts for one

successful IV
Metastatic Disease

Antibiotic Infusion

Chemotherapy Infusion

Continuous IV Drip

Parenteral Nutrition

Blood Product Transfusion

Trauma
Renal Failure

Steroid Use

Diabetes

HTN
IV Drug Use

Failed IV Access in < 24 hours

Previous Central Line Use

Device Data:

Device Attempts Date of
Insertion

2.______________

Date of
Removal

Dwell Time Complication
Type

Reason for
Removal

2.___________ 3.___________ 4._____________ 5._____________

3.__________________

Admission Date: __________ Discharge Date:  _______

LOS:______

Infusions: 1._____________

•

•

•

•

•

Fig. 3.3  Patient assessment and VHP audit data collection tool (used with permission N. Moureau, PICC Excellence)
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3.6.5	 �Stage 1 Assessment: Skin 
Condition (Fig. 3.5)

The most substantial barrier to infection available 
to any patient is his own skin. When the skin is 
healthy and intact and free of disease, breaks or 
other trauma, it provides an occlusive covering 
preventing bacteria from entering the body. Any 
break in the skin anywhere on the body provides 
a portal of entry for bacteria on the skin to enter 
the body and begin to colonize with the potential 
to cause infection.

When venous access is required, a puncture is 
made through the skin and then into the vein. The 
puncture site now provides a portal of entry for 
bacteria to enter the body and move directly into 
the bloodstream along the path of the catheter or 
directly from within the catheter. To limit the 
number of bacteria entering the bloodstream, 
antiseptics are used on the skin to reduce and kill 
the bacteria around the intended site prior to the 
venipuncture. Additionally, an occlusive dressing 

is used to act as a temporary protective skin layer 
in conjunction with an extra chlorhexidine-
impregnated sponge if desired. For these proce-
dures to provide effective protection, they must 
be performed correctly. The antiseptics must be 
allowed to dry, and the skin integrity must be 
intact. In other words, the skin must be healthy 
enough to withstand the frictional scrub of an 
antiseptic, and it must be strong enough to allow 
a dressing to adhere to it in an occlusive manner.

When assessing a patient for risk factors prior 
to placement of a venous access device, the fol-
lowing factors should be considered:

•	 Are there skin conditions such as lacerations, 
abrasions, rashes or psoriasis that prevent an 
intended site from being accessed?

•	 Is the skin around the intended insertion site in 
a condition to safely manage punctures, abra-
sive cleaning and an occlusive dressing (free 
from haematomas, skin tears, burns or other 
forms of skin breakdown)?

Fig. 3.4  UK vessel health and preservation (used with permission of Carole Hallam and the Infection Prevention 
Society)
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Some conditions may contraindicate the use 
of certain venous access devices. The following 
conditions which affect skin integrity should 
cause the clinician to pause, consider 
complications that may be triggered by the con-
dition and determine if another device or site 
should be chosen based on the patient’s individ-
ual skin presentation:

•	 Elderly skin/loss of elasticity
•	 Geriatric patients
•	 Lacerations
•	 Abrasions

•	 Haematomas
•	 Psoriasis
•	 Rash or allergies
•	 Long-term steroid use (causes thinning of the 

skin)
•	 Diabetes
•	 History of cancer treatment to peripheral veins
•	 Dehydration or fluid restrictions
•	 Malnutrition

Remember, the skin is the patient’s most sub-
stantial barrier to protection from infection. 
Inserting a vascular access device breaks that 

Vessel Health and Preservation Protocol
Right Patient Tool – Risk Factors

Directions: Check all that apply.
These risk factors may require a referral or a consult for a vascular access specialist to place indicated device.

Stage 1:

Stage 2:

Stage 3:

Patient conditions require clinician to use with skin access, vein selection, and catheter size determination.

Elderly skin/loss of elasticity Small peripheral veins accommodating 22g or smaller
while still allowing 50% space around catheter 

Diabetes

History of cancer treatment to peripheral veins

Dehydration or fluid restrictions

Malnutrition

Abrasions

Psoriasis, skin breakdown

Rash or allergies

Long-term steroid use

High volume fluid needs: blood or blood by-products,
intravenous medications, antibiotics, pain meds, TPN/PPN,
chemotherapy, inotropes, other types (list not inclusive)

Limited peripheral access due to single side mastectomy,
chest or neck surgery, amputation of arms, infection,
cellulitis, fistula, trauma or Injury, bums, hematomas,
obesity >250lbs

History of radiology access placement

Renal failure requiring Dialysis catheter

Upper extremity DVT

Circulatory status: Stroke, hemiparesis, thrombosis to upper
extremity, sign of illegal drug use, elevated INR, fistulas or
shunts, severe dehydration or edema/fluid overload, DVT

Do not attempt to place device yourself. Refer to Vascular Access Specialist for consultation and placement.

Patient conditions require clinician to refer patient to Interventional Radiology or Surgeon for placement of any
vascular access device. 

Do not attempt to place device yourself. Refer to Interventional Radiology or Surgeon for placement.

Previous complications: presence of CVC, frequent IV
restarts, history of poor access, hourly blood & draws,
required central line access in past

Critical factors: Acuity, life sustaining infusions, inotropes,
unstable cardiac status, confirmed MI, arrhythmia,
respiratory compromise

Pediatric patient: less than 8 years old, child with high
activity level (Pediatric specialist)

Creatinine levels >2.0. Requiring nephrologist OK prior to
PICC line placement.

These conditions are known to commonly require multiple restarts. Any patient requiring 2 or more restarts within 24 hours
should automatically be referred to Stage 2 and a vascular access consultation.

Patient conditions require extra care and referral to Vascular Access Specialist for consultation.

Fig. 3.5  Right patient tool—risk factors (used with permission of Teleflex)
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barrier. Prior to puncturing the skin, pause and 
consider if this is the best place on the patient’s 
body to break that barrier, and if so, determine 
how to adequately provide protection to limit the 
number of bacteria entering the body at that site.

In addition to evaluating skin integrity, con-
sider risks associated with bacterial concentra-
tion on various parts of the body. Bacteria are 

present in differing colony counts throughout the 
body based on temperature, hair follicles and 
sebaceous glands. Lower counts of bacteria are 
present on cooler structures such as the arms and 
legs. As you move from the extremities toward 
the main trunk of the body, temperatures increase 
along with bacterial counts. Because the main 
body is warmer and usually covered by clothing, 

Vessel Health and Preservation Protocol Right Line Contraindication Tool

Place patient label here

PIV INDICATED UNLESS:

PIV INDICATED UNLESS:

PIV INDICATED UNLESS:

PIV INDICATED UNLESS:

Choose this device instead

Choose this device instead

TIPS

Always use the smallest
device that will administer
treatment.

•

•

•

•

•

•

•

•

•

Use the least number
of lumens, single when
possible.

Consider vein size and
catheter size to fit without
tourniquet.

Total size of the catheter
lumen should not exceed
50% of the vein size.

Each morning complete
Daily Assessment for VHP
to determine IV device
necessity.

Remove IV devices as soon
as possible (ASAP).

During ANTT cleanse 
hubs with frictional
scrub before each access to
prevent contamination.

When any cap is removed
from a catheter or
intravenous tubing always
apply a sterile cap, never
reuse same cap.

Flush all intravenous
devices well (10-20ml) after
any blood draws.

Choose this device instead

Choose this device instead

Use this tool to determine any risk factors or contraindications that may prevent use of the “right line” as determined
by PAGE 1 of the Right Line Tool.

Infection, injury or surgery that interferes with access Internal Jugular or CVC

Internal Jugular

Internal Jugular

PICC

PICC

PICC

CVC

CVC

PICC

PICC

PICC

PICC

CVC

CVC

CVC

CVC

Meds/fluids that are known irritants

Continuous infusion of vesicant meds

Meds as chemotherapeutic agents

Thrombosis/Clots

Mastectomy (same side)

Peripheral neuropathy

Therapy required for > 4 weeks

Irritating or vesicant medications

Fluids that exceed 900mOsm 

Vancomycin is considered an irritant

Thrombosis/Clots

Thrombosis, peripheral neuropathy, circulatory impairment

Cellulitis, injury to one or both arms

History of CVA, mastectomy, upper extremity fistulas

Fistula; Renal Failtue or Creatinine >2.0 

Elevated INR Reconsider PICC or PIV

Reconsider PICC or PIV

Reconsider PICC or PIV

Reconsider PICC or PIV

Reconsider PICC or PIV

Reconsider PICC or PIV

PIV hand vein or Internal Jugular

Internal Jugular

Central or deep vein thrombosis (DVT)

Low platelet level (50,000)

Critical status of patient exceeds risk

Ventilator

Tracheotomy

Existing Dialysis Catheter

Elevated Creatinine >2.0

No Contraindications present Device Contraindicated Device Contraindicated

Person determining contraindication of device:

Fig. 3.6  Right line contraindication tool (used with permission of Teleflex)
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bacterial counts are approximately twice that of 
the extremities. Places such as the groin, the 
axilla and even the neck have high bacterial 
counts. When selecting the best insertion site 
with the lowest risk based on bacterial counts, 
start from the extremities, and move inward. The 
groin carries the highest count of bacteria fol-
lowed by the neck, then the chest and, last, the 
extremities, with the lowest count.

As with all evaluations of risk, there are many 
factors to consider when selecting the best site 
for vascular access selection; integrity of the 
skin, bacterial counts, risk with insertion and 
underlying structures all play a part in determin-
ing a safe access site for the patient.

3.6.6	 �Stage 2 Assessment: Vein 
Conditions and Special 
Requirements

Once the integrity of the skin has been evaluated, 
the patient’s health history and vasculature must be 
assessed. Although the skin may appear to be rela-
tively healthy and able to withstand abrasive clean-
ing and the application of an occlusive dressing, the 
underlying anatomy may tell a different story.

Certain patient conditions may contraindicate 
the use of an otherwise indicated device or may 
require special placement of the device by a vas-
cular access specialist (Fig.  3.5). Any time a 
patient has a limited extremity, has small periph-
eral veins or veins that the clinician cannot visual-
ize, expects to receive treatment for more than 
5 days or has any other limiting factors, the patient 
should be referred to a vascular access specialist. 
The specialist can assess the veins using ultra-
sound to determine the optimal access site and 
device for that individual patient. Some additional 
factors requiring special attention include:

3.6.7	 �Limited Peripheral Access

A patient with limited peripheral access due to 
chronic treatments, a mastectomy, breast cancer, 
chest or neck surgery, amputation of the arms, 
infection or cellulitis anywhere along the arms, a 

fistula, trauma or injury needs special assessment 
for a device that will last the full length of ther-
apy. Patients with multiple IV attempts, high 
INRs, low platelets or haematomas may require 
assessment and placement of device by a special-
ist. Obese patients are particularly challenging 
and require a specific plan for maintaining access.

3.6.8	 �High-Volume Fluid Needs

Those patients with high-volume fluid needs 
require a larger catheter to support the volume of 
the fluid. Placement of a larger catheter requires 
an ultrasound assessment of the patient’s venous 
anatomy to determine the optimal access site 
based on the size of the veins. When administer-
ing blood/blood by-products and certain medica-
tions (antibiotics, pain meds, TPN/PP, 
chemotherapy, inotropes), the risk to the patient 
is higher if the device malfunctions thus necessi-
tating larger vein access.

3.6.9	 �Circulatory Status

Patients with signs of poor circulation, periph-
eral neuropathy, a history of stroke, hemiparesis, 
fistulas or shunts that restrict flow, recurrent 
thrombosis or other conditions that impact circu-
lation require vascular access performed in such 
a way as to avoid the affected area(s). These 
patients may require ultrasound assessment to 
determine the safest location and vascular access 
device.

3.6.10	 �Previous Complications

Those patients who have previously experienced 
complications with vascular access devices are 
more likely to have additional complications. 
Simply the presence of a CVC increases the risk 
of complications. Patients who require frequent 
IV restarts, have poor access and need hourly 
blood draws or other multiple line accesses may 
require assessment by a specialist for the best 
device.
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3.6.11	 �Critical Factors

Intensive care patients require many forms of 
access to accommodate a variety of high-risk 
medications and solutions. Any patient needing 
more than two access points for intravenous med-
ications should have a plan for the best access 
device rather than relying on the access device of 
the moment. Many types of life-sustaining infu-
sions or inotropes for patients with unstable car-
diac status, confirmed MI, arrhythmias or 
respiratory compromise frequently need a device 
for longer than 5 days and thus meet the recom-
mendation for consideration of a central venous 
catheter. Evaluation of a patient’s condition and 
critical status lends itself to early planning to 
select the right line for the patient to allow treat-
ment access over the full length of therapy.

3.6.12	 �Other Conditions

Certain conditions place a patient at greater risk 
for complications with access devices. Patients 
with chronic conditions such as haematologic 
and oncologic disease where risk of coagulopa-
thy is great, history of illegal drug use or multiple 
devices can all lead to challenges with vascular 
access choices. PICCs may or may not be appro-
priate for those patients with peripheral injury or 
overuse. Careful consideration for the right line, 
in conjunction with the therapy and length of 
treatment, is paramount with this patient 
population.

3.6.13	 �Paediatric Patients

Patients under the age of 8 are particularly chal-
lenging for vascular access. Avoiding the trauma 
of multiple attempts and developing a clear plan 
for the best device for the patient are most impor-
tant for paediatric patients. Clinicians with paedi-
atric experience may perform access easily but 
may or may not be trained with central venous 
catheter access. Vascular access specialists can 
perform assessments and aid in the selection of 
the right line for the patient’s treatment.

3.6.14	 �Stage 3 Assessment: 
Interventional Radiology 
Placements

Some patients have predisposing conditions that 
do not allow for peripheral placement of a device 
or have a history of difficulty with peripheral or 
central placement. These patients are candidates 
for referral to interventional radiology or to a sur-
geon for placement of a dialysis catheter, tun-
nelled device or implanted port. The focus for 
renal patients is on internal jugular placement 
with avoidance of the subclavian or use of arm 
veins that may inhibit later fistula placement as 
with PICCs (Hoggard et al. 2008). Some specific 
conditions include:

•	 Renal failure patient requiring dialysis cathe-
ter (creatinine >2.0 or GFR <60  mL/
min/1.73 m2)

•	 Patient with upper extremity deep vein 
thrombosis

•	 Patients with a history of radiology access 
placement

•	 Contraindication of both extremities
•	 Bilateral mastectomy/lymph node dissection
•	 Patient with multiple IV drugs/lumen access
•	 Unsuccessful PICC access attempt(s)

Because these patients may have limitations 
and do not have veins or extremities available or 
their extremities do not provide a safe and 
healthy option for access, the patients require a 
centrally inserted vascular access device which 
must be placed by a surgeon or by interventional 
radiology.

The focus of the Vessel Health and 
Preservation Protocol is to provide timely, 
intentional, proactive patient intervention for 
vascular access device selection during the first 
hours of entry into an acute care facility with 
device placement of the most appropriate cath-
eter within the first days of treatment. 
Performing risk assessment prior to placement 
of an indicated device allows the clinician to 
check for risk factors, critical conditions, acu-
ity, contraindications and infusion needs con-
firming this patient is indeed the right patient 

N. L. Moureau and E. Alexandrou



35

for the specified access device. Performing a 
risk assessment also determines whether the 
clinician can initiate the vascular access device 
or if the patient should be referred to a vascular 
access specialist to perform the procedure 
(Table 3.1).

3.6.15	 �Peripheral Versus Central 
Venous Access Devices (CVAD 
vs PIVC)

Determination of patient need for peripheral or 
central cannulation is focused primarily on the 
characteristics of the treatment medications and 
secondarily on the duration of treatment as was 
previously discussed and represented in Figs. 3.7 
and 3.8. Other factors may also be considered for 
selection such as outpatient treatment requiring 
reliable access, patient-specific contraindications 
as in renal failure, history of complications and 
those factors previously discussed.

The use of peripherally inserted central cath-
eters (PICCs) has grown substantially in recent 
years. Increasing use has led to the realization 
that PICCs are associated with important compli-
cations, including thrombosis and infection. 
Moreover, some PICCs may not be placed for 
clinically valid reasons. Defining appropriate 
indications for insertion, maintenance and care of 
PICCs is thus important for patient safety. An 
international panel was convened that applied the 

RAND/UCLA Appropriateness Method to 
develop criteria for the use of PICCs (Chopra 
et al. 2015). After systematic review of the litera-
ture, scenarios related to PICC use, care and 
maintenance were developed according to patient 
population (e.g. general hospitalized, critically 
ill, cancer, kidney disease), indication for inser-
tion (infusion of peripherally compatible 
infusates vs vesicants) and duration of use 
(≤5 days, 6–14 days, 15–30 days or ≥31 days). 
Within each scenario, appropriateness of PICC 
use was compared with that of other venous 
access devices. After a review of 665 scenarios, 
253 (38%) were rated as appropriate, 124 (19%) 
as neutral/uncertain and 288 (43%) as inappro-
priate. For peripherally compatible infusions, 
PICC use was rated as inappropriate when the 
proposed duration of use was 5 or fewer days. 
Midline catheters and ultrasonography-guided 
peripheral intravenous catheters were preferred 
to PICCs for use between 6 and 14 days. In criti-
cally ill patients, non-tunnelled central venous 
catheters were preferred over PICCs when 14 or 
fewer days of use were likely. In patients with 
cancer, PICCs were rated as appropriate for irri-
tant or vesicant infusion, regardless of duration. 
The panel of experts used a validated method to 
develop appropriate indications for PICC use 
across patient populations. These criteria can be 
used to improve care, inform quality improve-
ment efforts and advance the safety of medical 
patients.

Table 3.1  Vein identification scale for inserter selection (modified) (used with permission of the Infection Prevention 
Society (Hallam et al. 2016))

Grade Vein quality Definition of vein quality Type of inserter needed
1 Excellent 4–5 palpable/easily visible veins suitable to cannulate Clinician trained and 

competent to insert PIVCs
2 Good 2–3 palpable/visible veins suitable to cannulate Clinician trained and 

competent to insert PIVCs
3 Fair 1–2 palpable/visible veins suitable to cannulate (veins may 

be small, scarred or difficult to find and may require heat to 
aid vasodilation)

Advanced/specialized 
training

4 Poor Veins not palpable/visible (requires visualization technology, 
ultrasound/infrared)

Advanced/specialized 
training in visualization 
technology

5 Not 
identifiable

No visible veins (unable to palpate or identify veins suitable 
for cannulation)

Advanced/specialized 
training in visualization 
technology
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Prior to the selection and insertion of a vascu-
lar access device, an understanding of the 
indications for that device should be clear. Simple 
indications would include the need to administer 
IV fluids, whereas more specific need for paren-
teral nutrition would indicate a CVAD. CVADs 
are indicated when peripheral infusion is contra-
indicated due to treatment with irritating solu-
tions and risk of phlebitis, longer dwell time is 
expected, frequent blood draws or there is a criti-
cal need for vasopressors, anticoagulants, insulin 
infusions or other dedicated infusions.

3.6.16	 �Home vs Inpatient Treatment

Patients requiring continuation of treatment 
from inpatient facility to home or outpatient 
care have considerations for the type of device 
inserted. The needs of the home care patient 
take into account reliability of the catheter, 
availability of trained clinicians to provide care, 
minimal number of lumens and consideration 

for the cost of maintenance. Patient preference 
is a necessary consideration for the type of VAD 
since patients may be responsible for some or 
all therapy administration. The patient receives 
informed consent and information on device 
options and types, risk with positive and nega-
tive components of each and specific indications 
for certain devices based on the need and 
therapy.

3.7	 �Device-Specific Features

Peripheral and central cannula and ports have 
specific features and indications that may make 
one more suitable than another when patient fac-
tors are taken into consideration (Figs. 3.6, 3.7, 
and 3.8). Catheter materials vary with polyure-
thane and silicone being predominant. 
Improvements in polyurethane and similar com-
ponents have added increased flexibility, 
variations in lumen size, valved and non-valved 
catheters and impregnation of antibiotic or anti-

Proposed Duration of Infusion

No preference between 
peripheral IV and

US-guided peripheral
IV catheters for use ≤5 d 

US-guided peripheral IV catheter preferred to
peripheral IV

catheter if proposed duration is 6–14 d

Central venous catheter preferred in critically ill
patients or if hemodynamic monitoring is

needed for 6–14 d

Midline catheter preferred to PICC if proposed
duration is ≤14 d

PICC preferred to midline catheter if proposed duration of infusion is ≥15 d

DisagreementInappropriateNeutralAppropriate

PICC preferred to
tunneled catheter and

ports for infusion
15–30 d

Peripheral IV
catheter

US-guided 
peripheral IV
catheter

Nontunneled/acute
central venous
catheter

Midline catheter

PICC

Tunneled catheter

Port

Device Type
6–14 d≤5 d ≥31 d15–30 d

Fig. 3.7  Device recommendations for peripherally compatible infusions (The Michigan Appropriateness Guide for 
Intravenous Catheters (MAGIC) Recommendations) (Chopra et al. 2015)
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septic components (Pittiruti et al. 2014). CVADs 
with antimicrobial properties may be the best 
choice for patients with compromised immunity 
or a propensity for infection (Kramer et al. 2017). 
Antithrombotic catheters may reduce risk of deep 
vein thrombosis (DVT) or other types of occlu-
sions (Kleidon et al. 2018). As with any material 
and foreign matter placed into the body, patient 
sensitivities to the material may cause reactions 
(i.e. latex or chlorhexidine allergy). Review of 
evidence is necessary to measure the value of fea-
tures and price of products for patient use.

Higher risk is associated with multi-lumen 
cannula (Chopra et al. 2014; Dobbins et al. 2003; 
O’brien et al. 2013; Trerotola et al. 2010). Single 
lumen catheters should be the default for all 
patients unless indications for added lumen are 
specified (Byrne and Penwarden 2018). Using 
single lumen vs multi-lumen catheters has saved 
millions of dollars and reduced infection and 
thrombosis rates (O’brien et  al. 2013). When 
multi-lumen catheters are necessary in the case 

of critically ill patients, consideration should be 
given to use of antimicrobial catheters. In criti-
cally ill patients, it is often difficult to predict 
evolving need for number of lumens; therefore in 
acute stage of critical illness, practice is often to 
accept higher number of lumens and consider de-
escalating as the patient stabilizes. The addition 
of a lumen solely for blood sampling is consid-
ered inappropriate (Chopra et al. 2015). There is 
an overriding principle that unused lumens pose 
unacceptable risks of infection and should be 
avoided. Therefore, adopt a practice of ‘least 
number of lumens possible’.

3.7.1	 �Indications for Multi-lumen 
Catheters

•	 Dedicated lumen for parenteral nutrition or 
vasopressors

•	 Drug compatibilities/incompatibilities—par-
ticularly an issue in critical care patients who 

Proposed Duration of Infusion

Central venous catheter preferred in critically ill
patients or if hemodynamic monitoring is

needed for 6–14 d

PICC rated as appropriate at all proposed durations of infusion

DisagreementInappropriateNeutralAppropriate

Tunneled catheter neutral
for use ≥15 d

Peripheral IV
catheter

US-guided 
peripheral IV
catheter

Nontunneled/acute
central venous
catheter

Midline catheter

PICC

Tunneled catheter

Port

IV – intravenous: PICC – peripherally inserted central catheter; US – ultrasonography.

Device Type
6–14 d≤5 d ≥31 d15–30 d

No preference between tunneled catheter and
PICC for proposed durations ≥15 d

No preference among
port, tunneled catheter, or

PICC for ≥31 d

Fig. 3.8  Venous access device MAGIC recommendations for infusion of non-peripherally compatible infusates 
(Chopra et al. 2015)
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are often receiving multiple infusions of vaso-
active agents

•	 Need for specific lumens for specific func-
tions (i.e. haemodynamic monitoring)

•	 Medications with irritating characteristics, 
high osmolarity, vesicants and other solutions 
that require central administration

3.7.2	 �Catheter Size

Principles of catheter length and gauge/calibre 
influence flow (Nifong and Mcdevitt 2011). 
Poiseuille’s equation and application to VAD 
selection are pertinent to the type of therapy 
needed (i.e. larger calibre/shorter length equates 
to increased flow rate). In critically ill patients, 
the need for fluid resuscitation and emergency 
care warrants larger calibre cannula to facilitate 
treatment. Effectively there needs to be a balance 
between the optimum flow dynamics for the cath-
eter to fulfil its intended role, and the effect of its 
presence causes as a foreign body within the ves-
sel (Piper et al. 2018).

The best solution for the ‘right device’ is often 
a multidisciplinary decision involving the vascu-
lar access specialist (VAS), the bedside nurse 
responsible for administering the therapy and 
when appropriate the patient. Rather than looking 
at only a single admission, the patient and VAS 
may identify an ongoing need for more perma-
nent access moving to a tunnelled catheter of 
subcutaneously implanted port.

3.7.3	 �Dialysis, Apheresis and Other 
Pulmonary Arterial Catheters

Other types of catheters may be used for specific 
disease states or condition. Patients with chronic 
renal failure may require dialysis with a large 
bore catheter inserted through the internal jugular 
vein allowing high flow rates that facilitate 

exchange of blood. In a similar process, apheresis 
catheter are large bore, often tunnelled under the 
skin to promote stability and long-term use, pro-
moting the process of whole blood removal for 
therapeutic or donor purposes. Samples of 
apheresis blood are processed into components 
such as platelets, plasma, white blood cells, red 
blood cells or stem cells. Another type of catheter 
used for pressure readings in the heart is pulmo-
nary artery catheter. This type of catheter is posi-
tioned in the pulmonary artery (i.e. Swan-Ganz 
or right heart catheter) and used in the manage-
ment of acute myocardial infarction and other 
critical conditions providing cardiac hemody-
namic monitoring.

3.8	 �Conclusion

The most convenient intravenous device is not 
always the most efficient in facilitating the com-
pletion of the treatment plan. Intentional assess-
ment and selection of VADs based on the patient, 
treatment, device and clinician provider factors 
combine to indicate a reliable VAD resulting in 
the best outcomes for the patient. The types of 
devices and indications for use are summarized 
in the Vascular Access Dashboard as shown in 
Fig. 3.9.

Our goal is to make the vascular access device 
decision-making process easier and more stan-
dardized thereby reducing variations in care, 
avoiding delays in treatment and increasing 
patient satisfaction. Developing an organized 
approach to vascular access device selection pro-
vides the educational, regulatory and clinical out-
comes necessary for establishing and maintaining 
reliable access for the delivery of the treatment 
plan. Patient safety and preservation of vessel 
health is our goal. The use of the Vessel Health 
and Preservation program allows for the reduc-
tion of variations in care and increases positive 
patient outcomes.
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Vascular Access Dashboard

Device

Indications

Treatment

Duration

Contra-
indications

RISK
LEVEL

PIV USGPIV MIDLINE PICC
CVC
non-tunnelled

Antimicrobial
CVC

Tunnelled
CVC PORT

Immediate 
Intravenous 
access, general
Infusions. 
Treatment with 
peripher-
ally compatible
infusion. 
Forearm
placement
more reliable

Peripherally
compatible 
infusions

Peripherally
compatible 
infusions

Treatment 
less than 6 
days or up to
14 days.

Clinically 
indicated 
removal 
policy may 
extend time 
if required 
and without 
complications

Peripherally
compatible 
infusions

Peripherally 
incompatible
infusions or 
based on 
duration

Peripherally 
incompatible
infusions 
or based on 
duration

Peripherally 
Incompatible 
Infusions with
history of 
infection

Peripherally 
incompatible
infusions and
based on 
duration

Peripherally 
Incompatible 
infusions and
based on 
duration

Treatment 
15-30 days or
longer

Treatment 
15-30 days or
longer

Treatment up to
30 days.

May be 
appropriate 
for catheter 
exchanges. 
Applies to 
PICC and chest
Inserted 
CVC (CICC)

Treatment 6-14 
days. 
Any duration 
for peripher- 
ally incompat- 
ible infusions. 
Preferred device
for critically 
ill/unstable 
patients or if 
haemodynamic 
monitoring is 
needed.

Treatment with 
any infusion 
greater or equal
to 15 days up to
30 days. 
Difficult access 
patient greater 
than 6 days 
Preference 
for midline 
with less than 
15 days. Any 
duration for 
peripherally 
incompatible 
Infusions.

Treatment 
exceeding 6 
days and less
than 14 days.

Clinically 
indicated 
removal policy 
may extend 
time if required
and without 
complications

Treatment 5 
days or less.

Clinically 
indicated 
removal policy 
may extend 
time if required
and without 
complications 
for less than 6 
days

Circulatory 
impairment, or
hemiparesis. 
For chronic 
renal failure 
(CKD) patients
insertion 
focused on 
dorsum of the
hand.

Circulatory 
impairment, or
hemiparesis. 
For chronic 
renal failure 
(CKD) patients
insertion 
focused on 
dorsum of the
hand.

Circulatory 
impairment, or 
hemiparesis, 
history of upper
extremity 
deep vein 
thrombosis. 
Not appropriate
for CKD 
patients

Greater risk 
of thrombosis 
with unstable, 
hypercoagu- 
lable or patients
with history of 
thrombosis.

Coagulopathies 
and other patient
specific contrain-
dications.

Sensitivity to 
chlorhexidine or
other impregna-
tlons.

Without
availability of
trained inserter

Morbid obesity,
coagulopathies

1.6/1000 cath-
eter days 

0-0.4/1000
catheter days

1.2-1.6/1000
catheter days

2-5/1000 catheter
days

0.2-0.5/1000 
catheter days

1.

4.

6.

7.

8.5.
2.

3.

 2016 PICC Excellence, Inc., nancy@piccexcellence.com
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Fig. 3.9  Vascular access dashboard (used with permission N. Moureau, PICC Excellence)
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Case Study

Mrs. Smith is a 76-year-old with compli-
cated pneumonia. Her treatment process 
includes administration of irritating intra-
venous medications for at least 7 days. A 
short peripheral catheter was initially 
inserted and has infiltrated within just a few 
hours of insertion. Mrs. Smith has few vis-
ible veins, is a small woman and is receiv-
ing non-irritating medications.

What is the best device to consider that 
would facilitate completion of the treat-
ment plan?

Following vein assessment, it was appar-
ent that veins of the lower arm/forearm 
were not suitable for intravenous access. A 
midline catheter was selected as the best 
device and placed with ultrasound guidance 
into the basilic vein. The patient received 
medication infusions without interruption 
for 7 days completing the course of treat-
ment. The midline catheter was removed, 
and the patient discharged to home.
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