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ABSTRACT

Aim: The purpose of this quality improvement project was to develop a nurse-driven protocol to provide a safer, quicker, and less
complication-prone alternative for the administration of vasopressors.
Background: The use of vasopressor medication is a common life saving intervention used to achieve hemodynamic stability
in critically ill patients. Vasopressor infusions are routinely administered through central venous catheters (CVC) for fear that
extravasation into subcutaneous tissue will result in ischemic injury. There are many potential complications of obtaining central
venous access for vasopressor use, including pneumothoraces, arterial punctures and hematomas.
Design: Quality improvement project.
Methods: An interdisciplinary team developed a written protocol for the administration of vasopressors through peripheral
intravenous (PIV) catheters based on the available scientific evidence. Key components of this quality improvement project were
patient safety, a team approach and skilled monitoring of the infusion site. Critical care nurses were responsible for the line
insertion, maintenance and identification of possible extravasation. All catheters placed were confirmed by ultrasonography and if
extravasation of medication was suspected, the extravasation protocol was followed without delay.
Results: The protocol developed was utilized in a study by Cardenas-Garcia et al. (2015). Extravasation occurred in 19 of
734 patients (2%) without any tissue injury following the use of the extravasation protocol. This evidence-based protocol for
peripherally administered vasopressors decreased central line use and the potential complications from the placement of CVCs.
Strict adherence to this evidence-based nurse-driven protocol was essential for the safe administration of vasopressors via PIV
access.
Conclusion/Clinical relevance: Peripheral administration of vasopressors has many beneficial implications for nursing practice.
A nurse-driven protocol for peripheral vasopressors can eliminate the need for CVCs, which will reduce the incidence of
central line-associated blood stream infections and decrease the number of central line days. This also may eliminate potential
complications from CVC placement. Lastly, peripherally administered vasopressors may prevent a delay in treatment often
experienced with placement of a central line.
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1. INTRODUCTION
The use of vasopressors is a common life saving interven-
tion used to achieve hemodynamic stability in critically ill
patients. Vasopressor infusions have traditionally been ad-
ministered through central venous catheter (CVC) access via
the subclavian, internal jugular or femoral veins. Peripheral
intravenous (PIV) catheters have long been avoided for fear
that extravasation into the subcutaneous tissue will result
in local ischemic injury. However, central venous access
is associated with numerous complications, such as central
line-associated blood stream infections (CLABSI), procedu-
ral complications, and it may not be practical in an emergency
situation.[1] Additionally, peripherally inserted central line
catheters (PICC) are associated with catheter fracture, up-
per extremity venous thrombosis, pulmonary embolism and
sepsis.[2]

1.1 Background and significance
Procedural complications such as pneumothoraces, arterial
punctures, and hematomas occur in approximately 15% of
patients during the insertion of CVCs.[3] Furthermore, over
60,000 CLABSIs occur in United States hospitals annually
at a cost of $1.85 billion dollars.[4] Globally, this cost is even
higher and it negatively affects patient outcomes. A review of
the literature and inconsistencies with practice guidelines led
to the creation of a task force in an 18-bed medical intensive
care unit (MICU) of a tertiary academic medical center in
New York. The task force consisted of critical care nurses,
physicians and pharmacists. Their charge was to re-evaluate
the safety of administration of vasopressors via PIV access.
The purpose of this quality improvement project was to de-
velop a nurse-driven protocol to provide a safer, quicker, and
less complication-prone alternative for the administration of
vasopressors.

1.2 Review of the literature
Protocols are used to implement evidence-based interven-
tions that improve patient outcomes and the overall quality
of care.[5] Standardization of health care and the use of
protocol-based care minimizes complications and positively
affects delivery of care.[6, 7] Protocols are developed by in-
terdisciplinary healthcare teams and are based on review of
the scientific evidence.[8] Measuring protocol-based care
is often difficult. Patient outcomes, reduced length of stay
and reduction of complications are used to determine the
effectiveness of the standardization of care.[9]

A review of the literature yielded few studies that imple-
mented a nurse-driven protocol for administration of vaso-
pressors through PIV access. A retrospective chart review of
vasopressor administration through a PIV catheter demon-
strated a 4% overall incidence of extravasation events when

a strict safety protocol was not in place.[10] None of these
events were severe enough to require intervention and va-
sopressors were resumed in a new peripheral site most of
the time.[10] This study suggested that the administration of
vasopressors through a CVC may not be a necessity for all
patients.[10]

In a 6-month pilot study, phenylephrine was administered
via PIV access in 20 patients with one minor complication
and no major injuries.[11] This was achieved by implement-
ing safety measures in the computerized physician order
entry system (CPOE) and by utilizing nurse-driven protocols.
This study concluded that with careful monitoring and safety
protocols, peripheral administration of vasopressors may be
acceptable.[11]

A systematic review of the literature conducted by Loubani
and Green[12] determined that vasopressors can cause tis-
sue damage and limb injury when given via PIV access.
Case reports demonstrated that administration of vasopres-
sors greater than 2 hours and placement of the PIV catheter
distal to the antecubital fossa were more likely to cause local
tissue injury.[12] Overall, no conclusion can be drawn from
this systemic review regarding the safety of vasopressors via
PIV access.[12]

Kahn et al.[13] reported a case study of a 46-year-old fe-
male with septic shock and severe hypotension. Vasopressin
was started via an 18-gauge PIV catheter in her wrist. She
subsequently developed a necrotic tissue injury proximal to
the PIV site. This protocol called for an assessment of the
PIV site with vasopressor administration every 4 hours.[13]

The literature states that progressive tissue damage after ex-
travasation of vasopressin continues even after the infusion
is discontinued, and therefore, PIV administration is not
recommended.[13]

Le & Patel[14] conducted a systematic review of the liter-
ature on the extravasation of noncytotoxic drugs. The re-
view consisted of some vasoactive agents, such as dopamine,
epinephrine, norepinephrine and vasopressin. These drugs
can cause skin inflammation, pain and possible tissue necro-
sis. Extravasation of vasoactive drugs, if left untreated, can
cause significant morbidity and loss of limb.[14] This can in-
crease length of stay and healthcare costs, as well as making
the institution vulnerable to litigation.[15] When extravasa-
tion occurs, the infusion must immediately be discontinued.
The remaining medication in the catheter must be aspirated
to prevent further leakage into the tissue. Prompt treatment
with an antidote should be initiated.[14] Having a standard of
care for prevention of extravasation that includes astute and
frequent assessment of the site is imperative before clinicians
decide to administer vasopressors via a PIV.[14–16]
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2. THE DEVELOPMENT OF A NURSE-DRIVEN
PROTOCOL

After review of the literature, the task force developed a
written protocol for administration of vasopressors through
peripheral catheters (see Table 1). The task force was com-
prised of three full-time critical care intensivists, critical
care and pulmonary fellows, a clinical pharmacist, nursing
leadership, nursing education and critical care certified clin-
ical nurses. The protocol was approved by the department
of pharmacy and the hospital therapeutics committee. The
overall process took approximately 6 months. Prior to imple-

mentation, the nursing and medical staff received in-service
training on the protocol and recognition of extravasation. In-
fusion Nursing Standards of Practice defines extravasation
as “the inadvertent administration of a vesicant medication
or solution into the surrounding tissue rather than into the
intended vascular pathway”.[15, 17] This broad definition does
not distinguish extravasation from infiltration. For the pur-
pose of this quality improvement study, the authors define
extravasation as occurring when the PIV was placed correctly
into the lumen of the vessel (confirmed by ultrasonography)
but due to injury of the vessel wall, the fluid leaked out into
the surrounding tissues.[15]

Table 1. Adult guidelines for the peripheral administration of vasopressor therapy in the intensive care unit (ICU)
 

 

Initiation of Therapy 
1. The decision to use a peripheral IV catheter for vasopressors must be assessed and approved by the attending in the ICU, 

documented as “peripheral” access in the computer physician order entry orders and communicated to the nursing staff prior 
to its initiation. 

2. Volume status of the patient must be evaluated via ultrasound technique or clinical assessment prior to peripheral vein 
administration of vasopressors. 

3. Patients must have a clinical indication for the use of vasopressor therapy.  
4. Peripheral venous vasopressor use is indicated for a maximum of 48 hours. 

a) Under the discretion of the attending physician, therapy may be extended to 72 hours (i.e. palliative care). 
5. Peripheral venous access may be used for only one vasopressor. 

a) If multiple vasopressors are required for patient care, central vascular access is warranted. 
6. Midline access is not allowed for the administration of vasopressor therapy.  

Access Insertion Points and Hardware 
1. Peripheral venous access must be placed in the forearm, upper arm, or upper leg. Access cannot be within the antecubital 

fossa, hand, wrist, lower leg, or foot.   
2. The insertion must be contralateral to the blood pressure cuff.  
3. The intravenous (IV) catheter must be 20 gauge or larger. 

a) If immediate access is necessary, conversion to the catheter listed above must be achieved within a reasonable duration 
of time.  

4. The intravenous (IV) catheter must be inserted and/or verified with ultrasound. 
a) The diameter of the vessel must be at least 4 mm, as determined via ultrasound. 

5. There must be blood return from the intravenous (IV) catheter prior to vasopressor administration.  
6. The IV site must be assessed every 2 hours as per nursing intravenous access policy. 
7. The dedicated IV line must have a yellow label indicating peripheral access vasopressor. 

Medications 
The following are the vasopressors and concentrations that may be administered via peripheral vascular access at LIJMC for adult 
patients: 

1. Dopamine 400 mg/250 ml D5W  
2. Phenylephrine 80 mg/500 ml NS or 160 mg/500 ml NS  
3. Norepinephrine 4 mg/250 NS or 8 mg/250 cc NS 

Based on the Long Island Jewish Medical Center Adult Guidelines for the Peripheral Administration of Vasopressor Therapy in the 
Intensive Care Unit (ICU) [12, 20-22]. 

 

 

  

The decision to administer peripheral vasopressors was made
by the clinical management team of the MICU. Peripheral
vasopressor use required a PIV access to be placed in the
upper arm or forearm. Access could not be within the antecu-
bital fossa, hand, wrist, lower leg, or foot for fear that these
regions may be prone to extravasation due to their anatomi-
cal locations.[14, 15] Extravasation of vasopressor medications

can cause cell damage by inducing arterial and peripheral
vasoconstriction at the site.[14] Requirements also included
a vessel diameter of 4 mm or greater, as measured by ultra-
sonography and the use of a large bore PIV catheter gauge
20 or greater.[18] PIV access could only be used for one vaso-
pressor at a time. If multiple vasopressors were required for
patient care, central vascular access was warranted. A PIV
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catheter could be placed without the use of ultrasonography,
but did require confirmation via ultrasonography prior to
initiation of vasopressor agents.[19] Midline catheters were
not included in this protocol because there may be delays
in detecting the signs and symptoms of extravasation due to
where these lines terminate.

Peripheral vasopressor administration was allowed for 48
hours and was extended up to 72 hours at the discretion of the
attending physician.[12] Non-invasive blood pressure mon-
itoring was required to be contralateral to the arm with the
PIV access. The following maximum concentrations of vaso-
pressors were deemed acceptable to infuse via PIV access:
norepinephrine 8 mg in 250 ml of normal saline, phenyle-
phrine 160 mg in 500 ml of normal saline, and dopamine
400 mg in 250 ml of D5W.[14] Vasopressin was not ad-
ministered peripherally as there is no reversal agent.[14] A
provider’s order indicating that a PIV catheter has been
placed or verified by ultrasonography and was acceptable for
vasopressor use was required, along with an explicit state-
ment of its location and gauge. The dedicated PIV access
was tagged with a yellow label to clearly indicate peripheral
vasopressor use.

The essential safety element of this protocol was frequent
assessment of the integrity of the PIV catheter and access site
by nursing staff. The PIV catheter was assessed for blood re-
turn and patency at a minimum of every 2 hours on all shifts
and documented in the electronic medical record (EMR) in
the patient access section. During change of shift, clinical
nurses assessed the PIV site and documentation together. A
nursing brief was conducted at the beginning of every shift
and protocol adherence was addressed. The nurse managers
conducted chart audits monthly. PIV site skin integrity and
blood return were consistently documented as per protocol.
Immediate provider notification was required if there was
concern for extravasation and the extravasation protocol was
initiated (see Table 2). In the event that blood return was
no longer present, confirmation of placement of the current
PIV catheter via ultrasound by a physician was required in
order to ensure that extravasation had not occurred. Prompt
recognition of extravasation and initiation of the reversal
agents were vital in the prevention of long-term complica-
tions.[14, 23] The nursing and medical teams were educated
on the protocol prior to its initiation, with emphasis on strict
adherence to ensure patient safety.

Table 2. Extravasation protocol
 

 

Adult Guidelines for the Extravasation of Peripheral Vasopressors in the Critical Care Units 
The following is the procedure to follow if extravasation of vasopressors has occurred. 

Extravasation Treatment with Phentolamine  
1. On suspecting extravasation, the infusion must be stopped immediately.  
2. The prescriber must be contacted immediately in order to assess the site and initiate treatment.  
3. The IV catheter is left in place and any residual medication is aspirated through the catheter. The IV catheter is then removed.  
4. The extent of the extravasation is marked with a pen to provide a baseline for monitoring.  
5. 1 vial of 5 mg of Phentolamine administered as follows:  

a) 10 ml of normal saline is added to the vial to reconstitute phentolamine powder to a final concentration of 0.5 mg/ml.  
b) After full dissolution, the contents of the vial are loaded into one 10 ml syringe. 
c) 25 or 27 gauge needles are used for each injection, and the needle should be changed after each injection. Therefore, 

5 needles are needed.  
d) Inject the 10 ml of phentolamine subcutaneously into the affected area as 5 separate 2 ml clockwise injections around the 

leading edge of the extravasation marked by the pen.  
e) At the judgment of the attending or fellow in the ICU, 2.5 cm of nitroglycerin paste may be applied to the area of 

extravasation.  
6. A medication occurrence must be filled out and sent to the proper departments for review. 

Based on the Long Island Jewish Medical Center Adult Guidelines for the Extravasation of Peripheral Vasopressors in the Critical 
Care Units [12, 20, 22]. 

 
 

 

  

3. RESULTS OF IMPLEMENTATION OF
NURSE-DRIVEN PROTOCOL

A well-documented study by Cardenas-Garcia et al. (2015)
utilized this nurse-driven protocol in an 18-bed MICU in a
tertiary care teaching medical center in New York. Data was

collected over a 20-month time period on a large cohort of
hypotensive patients. Data collection included patient demo-
graphics, duration of vasopressor use, dosage of vasopressors,
route of administration, extravasation of vasopressors, con-
version to CVC, and patient outcomes, such as mortality,
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length of stay, and limb injury. Seven hundred and thirty four
patients (male/female 398/336) with a mean age of 72 years
received vasopressor therapy via PIV access, a total of 783
times.[22] The medications used included norepinephrine,
dopamine, and phenylephrine. During the study period, 82%
of patients received vasopressor medication via PIV com-
pared to 18% via CVC.[22] The duration of vasoactive medica-
tion infusion via PIV access was 49±22 hours. Extravasation
occurred in 19 patients (2%) without any tissue injury follow-
ing the extravasation protocol. Ninety-five (13%) patients
receiving vasopressor medications through PIV ultimately
required a CVC.[22] This evidence-based protocol for periph-
erally administered vasopressors decreased central line use
and the potential complications from the placement of CVCs.
An essential part of this nurse-driven protocol’s success was
the educational process. Before initiation of the protocol,
all members of the MICU interdisciplinary team, as well as
hospital administration and educators became well-versed on
the protocol and expectations of the trial. Patient safety was
a priority. Limitations of this study included that the design
was single center, observational and a clinical unit trial. It
was suggested by the authors that this study be replicated in
other types of clinical settings with a larger patient sample.

4. DISCUSSION
Key components of this quality improvement project were
patient safety, a team approach and skilled monitoring of
the PIV site. The critical care nurses were responsible for
the line insertion, maintenance and identification of pos-
sible extravasation.[22] Administration of norepinephrine,
dopamine, or phenylephrine by PIV access was proven safe
in this MICU pilot study. Routine placement of CVCs for
vasopressor administration decreased.[22] This may equate to
fewer CLABSIs, as well as other well recognized complica-
tions of central venous access placement.

Critically ill patients often require vasopressors emergently
and the requirement of a CVC for administration may de-
lay treatment. This delay may negatively impact patient
outcomes related to the patient remaining hemodynamically
unstable during catheter insertion.[12] Peripherally inserted
catheters that are confirmed with ultrasonography may be a
more feasible option in this type of unstable patient. Once
vasopressors are infusing via monitored PIV catheters and
the patient is stabilized, a CVC can be placed if the clinician
deems it necessary. All patients were assessed for the need
of a CVC versus PIV access for vasopressor administration

by the medical staff and critical care intensivist. Once de-
termined a PIV catheter would be suitable, the protocol was
strictly followed and documented to ensure patient safety.

Lastly, the study that utilized this protocol was completed in
a single tertiary medical center, which is part of a much larger
healthcare system. Since the results of this initial pilot study
were positive, this protocol can be expanded to multiple sites
in different geographical regions and into other types of in-
tensive care units. This nurse-driven protocol will be initiated
at the participating sites once the clinical management team
has been educated. Data will be collected prospectively and
entered into a standard data collection system for quality and
safety assessment.

Implications for clinical practice
The safe administration of peripheral vasopressors has many
implications for nursing practice. CLABSIs lead to increased
patient morbidity and mortality. Reducing the incidence of
CLABSIs not only improves patient outcomes but can also
decrease medical costs. A nurse-driven protocol for periph-
erally administered vasopressors has significantly decreased
central line days and the potential complications from the
placement of CVCs. Placing a PIV catheter, which is faster
than placing a CVC, allows hemodynamically unstable pa-
tients to receive vasopressors sooner than they would other-
wise. Therefore, peripheral administration of vasopressors
may decrease the amount of time a patient remains hemody-
namically unstable.

5. CONCLUSION
The development of this nurse-driven protocol for the safe
administration of vasopressors through PIV catheters has
demonstrated the importance of using the scientific evidence
to develop new standards of care. It is vital that clinical
nurses lead the effort to develop evidence-based protocols
to improve the quality of patient care, always keeping safety
as the top priority. Strict adherence to protocol is essential
for the safe administration of vasopressors via PIV access.
As more research becomes available, this protocol will need
to be revised. It is imperative to look at every individual
patient situation and determine the best course of treatment.
Practitioners should not consider vasopressor administration
to be an automatic indication for CVC insertion.
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