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• 734 pacientes de UCI (783 administraciones).
• Registro de 20 meses (2012-2013)

Extravasaciones: 19 pacientes (2%)

• Inyección local de fentolamina y NTG tópica.
• Ninguna lesión tisular
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BACKGROUND: Central venous access is commonly per-
formed to administer vasoactive medication. The adminis-
tration of vasoactive medication via peripheral intravenous
access is a potential method of reducing the need for cen-
tral venous access. The aim of this study was to evaluate
the safety of vasoactive medication administered through
peripheral intravenous access.

METHODS: Over a 20-month period starting in September
2012, we monitored the use of vasoactive medication via
peripheral intravenous access in an 18-bed medical intensive
care unit. Norepinephrine, dopamine, and phenylephrine
were all approved for use through peripheral intravenous
access.

RESULTS: A total of 734 patients (age 72 6 15 years,
male/female 398/336, SAPS II score 75 6 15) received
vasoactive medication via peripheral intravenous access
783 times. Vasoactive medication used was norepineph-
rine (n 5 506), dopamine (n 5 101), and phenylephrine
(n 5 176). The duration of vasoactive medication via

peripheral intravenous access was 49 6 22 hours. Extra-
vasation of the peripheral intravenous access during
administration of vasoactive medication occurred in 19
patients (2%) without any tissue injury following treatment,
with local phentolamine injection and application of local
nitroglycerin paste. There were 95 patients (13%) receiv-
ing vasoactive medication through peripheral intravenous
access who eventually required central intravenous
access.

CONCLUSIONS: Administration of norepinephrine, dopa-
mine, or phenylephrine by peripheral intravenous access
was feasible and safe in this single-center medical intensive
care unit. Extravasation from the peripheral intravenous line
was uncommon, and phentolamine with nitroglycerin paste
were effective in preventing local ischemic injury. Clinicians
should not regard the use of vasoactive medication is an
automatic indication for central venous access. Journal of
Hospital Medicine 2015;10:581–585. VC 2015 Society of
Hospital Medicine

Vasoactive medications (VMs) are often required to
improve hemodynamic function in patients with
shock. They are usually given through central venous
catheter (CVC) access, primarily out of concern that
extravasation of peripheral intravenous (PIV) access
may result in local tissue injury due to the vasocon-
strictive effect of the VM. However, insertion of CVC
is associated with a variety of mechanical complica-
tions and risk of central line–associated bacteremia.
To examine the feasibility and safety of using VM via
PIV access, we report on the administration of VM in
the form of norepinephrine, dopamine, and phenyl-
ephrine via PIV access, with the rationale that this
would be a method of reducing the need of CVC use.
Our hypotheses are that VM via PIV access is both
feasible and safe.

MATERIAL AND METHODS
Study Design
This was a single-arm, consecutive-patient study con-
ducted from September 2012 to June 2014. The study
site was an 18-bed medical intensive care unit (MICU)
staffed by full-time attendings, fellows, and residents
at the Long Island Jewish Medical Center, which is an
827-bed tertiary care teaching hospital that is part of
the North Shore–Long Island Jewish Health System.
The primary outcome measure was the rate of local
tissue injury resulting from use of VM via PIV access.
The study was approved by the hospital institutional
review board (study #13–583A), which waived
requirement for informed consent.

Protocol for Administration of VM via PIV Access
In cooperation with the Department of Pharmacy, med-
ical and nursing staff developed a written protocol for
administration of VM via PIV access. The protocol was
reviewed and approved by the hospital pharmacy and
therapeutics committee and the MICU nursing leader-
ship. The MICU nursing staff received in-service train-
ing before rollout of the protocol, which included
training on the recognition of PIV access extravasation
and the type of line that could be used. The MICU
housestaff teams were given specific instructions
concerning the protocol during their MICU rotations.
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A summary of the requirements for PIV access for VM
use is summarized in Table 1.

Patient Management
The decision to initiate treatment with VM was made
by the clinical management team. The standard con-
centrations of VM for use via PIV access were: norepi-
nephrine 8 mg or 16 mg/250 mL normal saline,
dopamine 400 mg or 800 mg/250 mL D5W, and
phenylephrine 80 mg or 160 mg/500 mL normal
saline. If the attending or fellow in charge of the case
decided that VM should be administered through PIV
access, peripheral access was established that con-
formed to the requirements of the protocol, and VM
was administered via PIV access for as long as there
was clinical indication or until PIV access suitable for
VM administration was no longer feasible. If the
patient received VM via PIV access, a second PIV
access site was established in case of failure of the pri-
mary PIV site. If no PIV access could be inserted, the
patient received CVC access. The decision to use VM
via CVC access was made by the clinical management
team, as was the type, dose, and duration of the VM
use via PIV access or CVC access. Vasopressin was
not used via PIV access. Dobutamine was used via
PIV access but not recorded in our results, as it has
no a-mediated vasoconstrictor effect. Dobutamine
was not used concomitantly with other vasoactive
medication through the same PIV access. If PIV access
was not established using standard technique by nurs-
ing staff, medical residents or critical care fellows
inserted PIV access using real-time ultrasound guid-
ance. The PIV access use for VM could also be used
for other medications providing they were compatible
with the VM. Only 1 type of VM was infused through
the PIV access.

As indicated in Table 1, the nursing staff examined
the PIV access site every 2 hours and checked that
blood could be aspirated from the line. The aspiration
of the line requires several seconds of discontinuation
of VM use, which we considered to have no clinical
relevance. If the nursing staff identified extravasation

of the PIV access site through which VM was infus-
ing, they notified the medical housestaff, who
promptly initiated treatment with local injection of
phentolamine and local application of nitroglycerin
paste as described in Table 2. The extravasation site
was examined for tissue injury on a shift basis by the
nursing staff, and on bedside rounds by the attending
and fellow for at least 48 hours following PIV access
removal. Tissue injury was defined as any erythema,
blistering, skin breakdown, or necrosis in the site of
extravasation.

Data were collected prospectively by an investigator
(J.C.-G.) and entered into a standard data-collection
sheet for quality and safety assessment for the initial
13 months of the study. In the subsequent 7 months
of observation, data were collected from retrospective
chart review. The initial 13 months of data collection
were performed as an ongoing safety analysis project;
the subsequent 7-month review was performed as an
additional quality assessment project. The deidentified
data included patient demographics, patient disease
characteristics, use of VM, and VM via PIV access
complications.

Statistical Analysis
The statistical analysis was performed using SPSS 21
(Statistical Package for the Social Sciences; IBM,
Armonk, NY). Continuous variables are presented as
mean 6 standard deviation.

RESULTS
Characteristics of patients who received VM via PIV
access are presented in Table 3. During the study
period, there were 2462 admissions to the MICU, and
267 CVCs were inserted by the MICU team, 170 of
which were triple-lumen catheters and 97 were large-
gauge catheters for hemodialysis or plasmapheresis.
Of the total admissions, 953 cases received VM; 783/
953 (82%) received VM via PIV access, and 170/953
received VM via CVC access (18%). For VM use, an
18-gauge PIV catheter was used in 192/783 (25%), a
20-gauge catheter was used in 590/783 (75%), and a
22-gauge catheter was used in 1/783 of interventions.

TABLE 1. Summary of the Requirements for PIV
Access Used for Infusion of VM

Vein diameter >4 mm measured with ultrasonography
Position of PIV access documented to be in the vein with ultrasonography before starting

infusion of VM
Upper extremity only, contralateral to the blood pressure cuff
Intravenous line size 20 gauge or 18 gauge
No hand, wrist, or antecubital fossa PIV access position
Blood return from the PIV access prior to VM administration
Assessment of PIV access function every 2 hours as per nursing protocol
Immediate alert by nursing staff to the medical team if line extravasation, with prompt initiation of

local treatment
72 hours maximum duration of PIV access use

NOTE: Abbreviations: PIV, peripheral intravenous; VM, vasoactive medication.

TABLE 2. Treatment of VM via PIV Access
Extravasation

1. The VM via PIV infusion is stopped immediately.
2. Residual medication is aspirated through the PIV access, and the catheter is removed.
3. The extent of the extravasation is outlined to provide a baseline for monitoring.
4. Two vials, each containing 5 mg of phentolamine, are reconstituted with 5 mL of
normal saline per vial to yield a final concentration of 1 mg/mL.

5. The phentolamine solution is injected in 0.5- to 1-mL aliquots in 5 separate injections around
the leading edge of the extravasation, using separate 25-gauge or 27-gauge needles for each
injection.

6. Nitroglycerin paste (2.5 cm) is applied to the area of extravasation.
7. A medication occurrence report is filled out for review by the quality committee.

NOTE: Abbreviations: PIV, peripheral intravenous; VM, vasoactive medication.
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Catheter length was 30 mm, 45 mm, or 48 mm
depending on availability. The 22-gauge catheter,
which was a deviation from standard protocol, infil-
trated shortly following insertion. We did not for-
mally record the anatomic position of the PIV access
in the standard data-collection sheet; anecdotally, the
majority of PIV accesses were placed in the upper arm
basilic or cephalic vein. The duration of VM via PIV
access was 49 6 22 hours. Central intravenous access
was required in 95/734 (13%) of patients who ini-
tially had VM via PIV access. These catheters are
included in the 170 triple-lumen CVCs that were
inserted by the MICU team during the study period.
The type and highest dose of VM administered via
PIV access are presented in Table 4.

A total of 734 patients received VM via PIV access
during the 20-month study period; 49 of these
patients required 2 or more PIV access insertions, as
the initial and/or subsequent site timed out at 72
hours, resulting in a total of 783 separate interven-
tions. Infiltration of the PIV access site occurred in
19/783 (2%) of interventions. All of them were identi-
fied by nursing staff with prompt response using local
injection of phentolamine and application of nitro-
glycerin paste at the site of the extravasation. There
was no tissue injury at the site of VM extravasation.
Sixteen of the extravasations occurred with norepi-
nephrine infusions and 3 with dopamine infusions.
There were no infections of the PIV access sites used
for VM. Use of phentolamine and nitroglycerin paste
was not associated with hypotension, as defined as
mean arterial pressure less than 65 mm Hg.

DISCUSSION
Our study demonstrates that administration of VM
via PIV access is feasible, carries a low rate of compli-
cations, and offers an alternative to CVC access.
There are several elements that may have allowed safe
use of VM via PIV access. We developed a protocol
that involved a multidisciplinary team. The hospital

pharmacy performed an extensive literature search
and formulated the initial protocol with the MICU
attending staff. The protocol was then subjected to
iterative process improvement by a hospital committee
and nursing leadership in the MICU. Before program
rollout, the MICU nursing staff were educated and
trained to use the protocol. This was a key component
of the program, as the nurses were responsible for
many of the line insertions, line maintenance, and
identification of infiltration. Although we did not per-
form any formal measurement of the impact of PIV
access use on nursing workflow, we note that leader-
ship and frontline nurses have been enthusiastic about
the implementation of VM via PIV access. The MICU
housestaff teams were given an in-service instruction
concerning the importance of prompt initiation of
local treatment in case of infiltration of the PIV access
site. Specific elements of the protocol that may have
improved safety were the use of ultrasonography to
insert difficult PIV access and confirmation of all PIV
access insertions using ultrasonography by the MICU
housestaff. The requirement for frequent checks of
PIV access function, prompt recognition of infiltra-
tion, and specific antidote to extravasation were
important elements of safety. The low rate of PIV
access extravasation (2%) may be related to the use
of ultrasonography to guide PIV access insertion in
patients who had challenging anatomy (eg, obesity,
edema, recreational drug use, history of multiple PIV
insertions), and ultrasonography was used to check
that the PIV access was well positioned before VM
infusion.

There were early literature reports that subcutane-
ous extravasation of catecholamines could result in
local ischemic injury both in human patients and ani-
mal models.1–5 Local phentolamine injection has been
identified as a specific antidote to block the local
ischemic injury.6–15 More recently, there have been
anecdotal reports showing that local application of
nitroglycerin paste blocks ischemic injury in the pedi-
atric population.5,16,17 With this information, our

TABLE 3. Demographic and Disease Characteristics
of the Study Population

Total Study Group

No. of patients 734
Age, y 726 15
Gender

Male 398 (54%)
Female 336 (46%)

SAPS II score 756 15
Patients on mechanical ventilation 235 (32%)
Patients on hemodialysis 90 (12%)
MICU mortality 177 (23%)
Use of VM via PIV access 783
Extravasations of VM via PIV access 19 (2%)
Total MICU admissions during study period 2,462

NOTE: Abbreviations: MICU, medical intensive care unit; PIV, peripheral intravenous; SAPS II, simplified
acute physiology score II; VM, vasoactive medication.

TABLE 4. Frequency, Highest Dose, and
Complications of Vasoactive Medication
Administered via PIV Access

Norepinephrine
Interventions 506
Dose, mg/kg/min, mean6 SD 0.706 0.23
PIV access extravasations 16

Dopamine
Interventions 101
Dose, mg/kg/min, mean6 SD 12.76 5.23
PIV access extravasations 3

Phenylephrine
Interventions 176
Dose, mg/kg/min, mean6 SD 3.256 1.69
PIV access extravasations 0

NOTE: Abbreviations: PIV, peripheral intravenous; SD, standard deviation.
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Abstract

Objective: Vasopressor medications
have traditionally been administered
via central venous catheters (CVCs),
primarily due to concerns of periph-
eral extravasation of vasoconstrictive
medications. Recent studies have
suggested that vasopressor adminis-
tration via peripheral intravenous cath-
eters (PiVCs) may be a feasible and
safe alternative. This systematic review
evaluates the safety of delivering vaso-
pressor medications via PiVCs.
Methods: We performed a systematic
review to assess the frequency of com-
plications associated with the delivery
of vasopressors via PiVCs. A literature
search for prospective and retrospec-
tive studies of vasopressor infusions in
adults was performed. We included
studies of continuous infusions of
vasopressor medications (noradrena-
line, adrenaline, metaraminol, phenyl-
ephrine, dopamine and vasopressin)

delivered via a PiVCs that included at
least 20 patients. Data on patient fac-
tors, cannulation approach, monitor-
ing protocols, vasopressor dosing and
dilutions and adverse events were col-
lected and summarised.
Results: Seven studies were identi!ed
that ful!lled the inclusion criteria,
including 1382 patients. No study ful-
!lled all of the validity criteria. Nor-
adrenaline was the most commonly
administered agent (n = 702 episodes
of administration), followed by
phenylephrine (n = 546), dopamine
(n = 108), metaraminol (n = 74) and
vasopressin and adrenaline (<5
patients). Mean duration of infusion
was 22 h (95% con!dence interval
[CI] 8–36 h). Extravasation occurred
in 3.4% (95% CI 2.5–4.7%) of
patients. There were no reported epi-
sodes of tissue necrosis or limb ischae-
mia. All extravasation events were
successfully managed conservatively
or with vasodilatory medications.

Conclusions: Reports of the adminis-
tration of vasopressors via PiVCs, when
given for a limited duration, under close
observation, suggest that extravasation
is uncommon and is unlikely to lead to
major complications.

Key words: central venous access,
extravasation, infusion, peripheral
access, tissue injury, vasopressors.

Introduction
Intravenous vasopressors have been
used to treat shock states since the
early 1900s,1 and remain a mainstay
in the management for patients with
distributive shock. Due to concerns
of potential extravasation and subse-
quent tissue necrosis, vasopressors
have conventionally been delivered
via a central venous catheter (CVC).2
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Key !ndings
• Administration of vasopres-

sors via peripheral intrave-
nous catheters for a limited
duration and under close
observation is unlikely to
cause major complications.

• Extravasation occurred in
3.4% of 1382 patients with
no reported incidents of tissue
necrosis or limb ischaemia.
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TABLE 2. Summary of peripheral intravenous catheter (PiVC) insertion and monitoring protocols

PiVC size PiVC insertion site

Frequency of
observations

Management of
extravasationStudy 16G 18G 20G 22G Hand

Wrist/
forearm ACF Upper arm

Cardenas-
Garcia10

0 192 (25%) 590 (75%) 1 (<1%) Prohibited Prohibited Prohibited 734 (100%) Q2hr aspirates S/C
phentolamine

+
nitroglycerin

paste

Datar15† 13 (5%) 98 (35%) 113 (41%) 5 (2%) 87 (32%) 139 (50%) NR NR

Delgado16 NR 20 (95%) 1 (5%, prohibited) Prohibited Prohibited Prohibited 20 (100%) Q1hr site
inspection

NR

Joynes17 NR NR NR NR NR NR NR NR NR NR

Lewis18‡ NR 46 (23%) 149 (74%) 103 (51%) 81 (40%) 145 (72%) 109 (54%) NR Q1hr site
inspection,
q2shift
aspirate

i.v. + s.c.
terbutaline,
nitroglycerin

paste

Makowski19 NR NR NR NR NR NR NR NR NR NR

Medlej11 6 (11%) 20 (36%) 28 (51%) 1 (2%) 20 (36%) 10 (18%) 22 (40%) 1 (2%) NR NR

†48 records had incomplete data. ‡Study reported data from multiple PiVCs per patient. ACF, antecubital fossa; i.v., intravenous; NR, not reported; s.c., subcutaneous.
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TABLE 3. Vasopressor administration protocols†

Number of
infusions Dilution

Effective
dose/mL Peak dose Duration (h) Extravasation

Noradrenaline
Cardenas-Garcia10 506 8–16 mg in 250 mL N/S 32–64 !g/mL 0.70 ! 0.23 !g/kg/min 49 ! 22 16 (2.3%)

Lewis18 146 4 mg in 250 mL N/S 16 !g/mL 0.13 !g/kg/ml 11.2 ! 15‡ 4 (2.7%)

Medlej11 50 8 mg in 250 mL D5W 32 !g/mL 30 !g/min 16.9 ! 18.9‡ 2 (4.0%)

Metaraminol
Joynes17 27 NR NR NR NR NR

Makowski19 47 NR NR NR NR NR

Phenylephrine
Cardenas-Garcia10 176 80–160 mg in 500 mL N/S 160–320 !g/mL 0

Datar15 277 NR 120 !g/mL 1.04 ! 0.74 !g/kg/min 19 ! 18 9 (3.2%)

Delgado16 20 NR 40 !g/mL 2.0 !g/kg/min 21 ! 13‡ 0

Lewis18 73 100 mg in 250 mL N/S 400 !g/mL >150 !g/kg/min 19.7 ! 24.2‡ 4 (5.5%)

Dopamine
Cardenas-Garcia10 101 400–800 mg in 250 mL D5W 1.6–3.2 mg/mL NR NR 3

Lewis18 2 200 mg in 250 mL D5W 0.8 mg/mL 9 !g/kg/min 23.5 0

Medlej11 3 NR NR 15 !g/kg/min 60.5 ! 98.5‡ 0

Vasopressin
Lewis18 4 0.16 units/mL 0.16 units/mL 0.06 units/min 13.2 ! 19 0

Adrenaline
Lewis18 2 4 mg in 250 mL N/S 16 !g/mL 0.06 !g/kg/min 4.5 0

Overall 1436 22 (8–36) 38 events (3.4%;
95% CI 2.5–4.7%)

†Patients may have received concurrent infusions. ‡Data converted from median/interquartile. Overall results presented as n (%) or mean (95% con!dence interval), using
randomised-effects meta-analysis of proportions or means. D5W, 5% dextrose; N/S, normal saline; NR, not reported.

©
2019

A
ustralasian

C
ollege

for
Em

ergency
M

edicine

6
D
H

T
IA

N
E
T
A
L
.

• Ninguna isquemia de extremidad.
• Ninguna necrosis de tejidos.



Utilización frecuente de NADVP en Europa, no en USA

Evaluación de seguridad de NA “diluida” (20mcg/ml)

0,01 a 0,1 μg/kg/min

Anesth Analg 2020;131:1060–5

8%

0,03%



De 14.385 casos donde se administró  NADVP, la 
extravasación ocurrió en 5 oportunidades.

Ninguno de los caso fue severo, ni requirió de 
terapia médica/quirúrgica adicional

Extravasación: 1-8 cada 10.000 pacientes

Intervención médica o quirúrgica: 0-2 cada 
10.000 pacientes

Anesth Analg 2020;131:1060–5
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the upper extremities (Table! 2). The norepinephrine 
infusions that extravasated were in an administered 
dose range of 0.02–0.05 "g · kg#1· min#1, and the total 
median norepinephrine infusion duration across these 
5 patients was 20 minutes with interquartile range of 
20–25 minutes (Table! 2). The median (interquartile 
range) norepinephrine dose administered was 40 "g 
(35–50), the total estimated norepinephrine dose that 
extravasated ranged between 33 and 80 "g, and con-
sisted of a volume ranging between 1.67 and 4 mL.

None of the patients were given a complication sever-
ity score >1, indicating that all complications were minor 
and resolved without any medical and surgical inter-
vention or permanent skin damage. Two patients had 
cancer as comorbidity, 1 patient suffered from periph-
eral vascular disease, 1 patient had diagnosed coronary 
artery disease, and 1 had no comorbidities (Table!2).

DISCUSSION
In the current study, we estimated the risk of skin 
damage requiring medical or surgical intervention 
after accidental dilute norepinephrine extravasation 
through peripheral intravenous lines during surgery. 
The estimated risk was 1–8 events per every 10,000 
patients. No case of peripheral extravasation required 
surgical or pharmacological intervention, and no 
harm was caused to upper or lower extremities.

Our data suggest that norepinephrine peripheral 
intravenous infusion, in a diluted solution of 20 !g/
mL, is rarely associated with adverse events related to 
extravasation when used to counteract hypotension 
associated with general anesthesia. Safety and risk 

data related to using higher norepinephrine concen-
trations through a peripheral infusion line are lacking.

Even though no patients in the current study expe-
rienced short- or long-term complications related to 
norepinephrine extravasation, when peripheral nor-
epinephrine extravasation occurs, damage can range 
from skin damage to limb amputation.7,8,20,21 Severe 
damage seems to occur most often in patients with 
several comorbidities and on critical care units, while 
treating circulatory shock of various etiologies using 
high concentration infusions. However, in a prospec-
tive study investigating adverse events after periph-
eral vasopressor infusions in 50 patients diagnosed 
with septic, cardiogenic, hypovolemic, or hemorrhagic 
shock who received norepinephrine, 3 patients (6%) 
had extravasation of norepinephrine (2 in their hand, 1 
in the antecubital fossa) with only minor complications 
not requiring any intervention.22 Along the same line, 
Lewis et al15 in an intensive care unit setting reported a 
4% incidence of peripheral vasopressor extravasation 
that was similar whether phenylephrine (20–400 !g/
mL) or norepinephrine (16–64 !g/mL) infusions were 
used. Four patients received norepinephrine and 4 
patients received phenylephrine at the time of extrav-
asation, and none of them experienced complications 
that required medical or surgical treatment.15

The incidence of peripheral vasopressor extrava-
sation in intensive care unit seems to be higher com-
pared to our series even though the incidence of tissue 
damage is low, particularly with proper adherence to 
safety protocols. Cardenas-Garcia et al23 implemented 
an extensive protocol for peripheral administration of 
vasopressors that included ultrasound-guided inser-
tion of peripheral vascular catheters in a vein >4 mm, 
assessment of the peripheral vascular access site every 
2 hours, maximum of 72 hours duration of infusion per 
site, and a protocol for the rapid administration of anti-
dotes in the event of an extravasation.23 In fact, these 
investigators reported a norepinephrine extravasation 
rate of 3% (16/506), all of which were managed with 
local phentolamine injection and observed no major 
complications in a medical intensive care unit setting. 
In our series, local phentolamine was never given since 
the clinicians deemed it not necessary; nevertheless, 
we observed no damage requiring medical or surgical 
intervention in our patients. Delgado et al24 adhered to a 
protocol which mandated 18-gauge peripheral vascular 
catheters proximal to the wrist, a limit for the maximum 
vasopressor concentration and infusion rate, and nurs-
ing education of the institution’s extravasation protocol. 
Similar to previous investigators, they reported only a 
minor complication in 1 patient who did not require 
further intervention.24 This suggests that the risk for 
extravasation injury is low, and the damage related to 
it can be further reduced by implementation of a strict 
protocol for the use of peripheral vasopressors.

Table 2.  Characteristics of Patients With 
Norepinephrine Extravasations During Surgery

Extravasated Peripheral Norepinephrine Infusions
Overall 
(n = 5)

Demographics  
 Age, mean ± SD 66.2 ± 18.4
 Female, n (%) 3 (60)
 Body mass index, mean ± SD 24.2 ± 3.8
Comorbidities, n (%)  
 Cancer 2 (40)
 Coronary heart disease 1 (20)
 Peripheral vascular disease 1 (20)
 None 1 (20)
ASA physical status, n (%)  
 I 1 (20)
 II 2 (40)
 III 2 (40)
Size of IV line, 
median (Q1, Q3)

18 (18, 18)

Duration of administration (min), median (Q1, Q3) 20 (20, 25)
Total dose administered (!g), median (Q1, Q3) 40 (35, 50)
Total dose administered (mL/h), median (Q1, Q3) 6 (6, 7)
Peripheral IV infusion site, n (%)  
 Antecubital 3 (60)
 Hand 1 (20)
 Lower extremities 1 (20)

Abbreviations: ASA, American Society of Anesthesiology; IV, intravenous; Q1, 
lower quartile; Q3, upper quartile; SD, standard deviation.



Piloto, prospectivo, 2 centros, randomizados 60 pacientes de 
cirugía no cardiaca a NADVP (10 mcg/ml) o placebo

0 episodios de extravasación
2 reacciones cutáneas moderadas

1 reacción cutánea leve

hasta 4 hrs en URPA
24 hrs en IM-UCI

Logro de metas 90% 
(PAS ≥ 90% basal, entre 

100 y 120 mmHg)
NAD hasta 0.1mcg/k/min

NAD diluida por VP fue factible, 
segura y efectiva para obtener una 

PAS objetivo perioperatoria.
Anesth Analg 2022;134:410–8
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Perioperative hypotension is a known risk factor 
for many complications including myocardial 
infarction, acute kidney injury (AKI), and mortal-

ity. Avoiding hypotension in the operating room (OR) 
and perioperative period is a key factor to preventing 
postoperative complications.1,2 Although, currently, 
there is no universal de!nition of hypotension, evidence 
suggests organ injury occurs at mean arterial pressure 
(MAP) thresholds <60–65 mm Hg.1,3 Injury such as AKI 
appears to correlate with both magnitude and duration 
of hypotension.1 Factors that can precipitate periopera-
tive hypotension include "uid and blood loss, myocar-
dial dysfunction, and the vasomotor response to positive 
pressure ventilation, anesthetic agents, pneumoperito-
neum, patient positioning, and the systemic in"amma-
tory response to surgery. In addition to "uid therapy 
to maintain intravascular volume, vasopressors are an 
important tool to restore vasomotor tone and maintain 
MAP once intravascular volume is normalized.

Hypervolemia is associated with postoperative com-
plications, and targeted use of vasopressors can avoid 
excessive administration of intravenous (IV) "uid.4 
Increasing implementation of Enhanced-Recovery After 
Surgery (ERAS) principles has led to an emphasis on 

avoiding perioperative "uid overload and utilization 
of goal-directed "uid therapy (GDT) to optimize intra-
vascular volume, particularly in high-risk patients.4,5 
Once volume status is optimized and cardiac output is 
adequate, vasopressor use is an important component of 
GDT protocols. Vasopressors, especially norepinephrine, 
have historically been administered via a central venous 
catheter (CVC) for fear of peripheral extravasation and 
direct tissue injury. Although this belief is widely shared, 
there is little evidentiary support in the clinical literature. 
In the OR, boluses of short acting vasopressors such as 
phenylephrine and ephedrine are commonly adminis-
tered. However, it makes more physiological sense to run 
a low-dose infusion to create a more stable physiological 
platform. In the United States, phenylephrine infusions 
are commonly used, not due to the ideal properties of 
the drug but because anesthesiologists are comfortable 
administering this via a peripheral vein. Norepinephrine 
supports cardiac contractility and causes vasoconstric-
tion, thereby restoring the patient’s physiology closer to 
baseline. However, health systems and providers world-
wide may restrict norepinephrine infusion to central 
venous lines only. The desire to avoid central line place-
ment and its potential complications may discourage pro-
viders from adhering to goal-directed therapy principles 
in surgical procedures, many of which involve pressor 
utilization at certain hemodynamic thresholds.6 Recent 
studies have shown the safety of peripheral adminis-
tration of norepinephrine.7–10 To encourage adoption of 
GDT principles, we will consider the existing evidence 
regarding the safety of administering norepinephrine 
peripherally.

AVOIDING HYPOTENSION IN THE OR
Understanding the consequences of hypotension 
is critical to encouraging vasopressor use when 
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indicated. It is well-known that intraoperative hypo-
tension can cause organ dysfunction, AKI, myocardial 
injury after noncardiac surgery (MINS), and increased 
mortality.1–3 Lower pressure and longer duration of 
hypotension lead to increased patient harm. In a large 
analysis by Salmasi et al1 of patients having noncar-
diac surgery, an intraoperative MAP below an absolute 
threshold of 65 mm Hg was progressively related to 
both myocardial and renal injuries. Time spent below 
an MAP of 65 mm Hg for a total of 13 minutes was 
associated with increased risk of AKI and MINS, while 
an MAP of 50 mm Hg for just 1 minute also increased 
this risk. Sun et al2 reviewed 5127 noncardiac surgical 
patients and showed a signi!cantly higher risk of AKI 
with exposures to an MAP of <55 mm Hg. Monk et al3 
studied !18,000 patients in the Veterans Affairs system 
and showed increased 30-day mortality risk with an 
intraoperative MAP of <50 mm Hg or systolic blood 
pressure (SBP) <70 mm Hg. The results of these studies 
align with traditional teaching regarding maintaining 
pressure to prevent organ injury, and they illustrate 
the importance of avoiding hypotension in the OR.

VASOPRESSOR USE IN MODERN PERIOPERATIVE 
FLUID THERAPY
With the advent of ERAS, there has been recent atten-
tion toward "uid management and GDT in ERAS 
pathways.4 While ERAS has traditionally been asso-
ciated with a "uid-restrictive approach, the RELIEF 
(Restrictive versus Liberal Fluid Therapy in Major  
Abdominal Surgery) trial questioned this practice.11 In 
this randomized trial, patients were assigned to either 
liberal or restrictive "uid therapy plans during and 
after major abdominal surgery. There was no differ-
ence in 1-year survival and a higher rate of AKI in the 
restrictive "uid group (8.6% vs 5.0%). Interestingly, 
vasopressor use was an initial treatment option for 
postoperative hypotension in the restrictive "uid 
group, highlighting the importance of adequate "uid 
resuscitation and physiologically targeted utilization 
of vasopressor therapy. This is largely the goal of GDT 
protocols, which utilize minimally invasive hemody-
namic monitoring to optimize stroke volume and "ow 
with a combination of "uid therapy and vasopressor 
use. While a strict de!nition of GDT has not been for-
malized, it is usually aimed at optimizing stroke vol-
ume and maintaining an MAP either !65 mm Hg or 
at a certain percentage of a patient’s baseline blood 
pressure. A key concept in GDT is avoiding hypervol-
emia by administering "uids only when a patient’s 
hemodynamic changes suggest volume depletion. 
Vasopressor use is, thus, a critical component of GDT 
and is encouraged in the cases of hypotension with-
out signs of hypovolemia.4,6 GDT shows signi!cant 
potential bene!t in clinical studies and meta-anal-
ysis in appropriate patients. A recent meta-analysis 

studying 95 randomized trials showed lower risk of 
mortality, AKI, pneumonia, and hospital length of 
stay (LOS) compared to standard "uid management.6 
The World ERAS Society guidelines also recommend 
routine use of GDT in enhanced-recovery protocols 
for high-risk patients.5

BENEFITS OF MAINTAINING MAP WITH 
NOREPINEPHRINE
Norepinephrine is a potent "-1, #-1, and mild #-2 ago-
nist. As a vasoconstrictor and inotrope, it increases 
arterial pressure, mean systemic !lling pressure, car-
diac contractility, and cardiac output. Current evidence 
increasingly supports preferential use of norepineph-
rine over pure "-1 agonists in the OR. Although com-
monly used to treat anesthesia-induced hypotension, 
through pure "-agonism, phenylephrine can increase 
cardiac afterload while decreasing stroke volume and 
cardiac output.12,13 Recent evidence suggests phen-
ylephrine can increase or maintain cardiac output in 
preload-dependent patients.14,15 This is attributed to 
increased venous pressure and mean systemic !ll-
ing pressures, causing increased venous return to the 
heart.14 However, in patients who are adequately resus-
citated and preload-independent, the phenylephrine-
induced increase in afterload results in a drop in cardiac 
output.15 In GDT, volume status is optimized via stroke 
volume assessment before initiation of pressors; thus, 
phenylephrine would be expected to reduce cardiac 
output in these preload-independent patients. Studies 
suggest norepinephrine improves cardiac output along 
with splanchnic and renal blood "ow compared to 
phenylephrine,13,16 although 1 trial showed no differ-
ence in cardiac output with norepinephrine and phen-
ylephrine in euvolemic surgical patients.17 Currently, 
there is a lack of high-quality evidence equating nor-
epinephrine use with improved clinical outcomes 
over phenylephrine speci!cally in surgical patients. 
However, based on the physiology, norepinephrine 
is likely the preferred vasopressor for intraoperative 
therapy aimed at maintaining euvolemia while opti-
mizing cardiac output and tissue oxygen delivery. The 
common practice of restricting norepinephrine admin-
istration to central lines inhibits adoption of these well-
validated principles. A thorough review of published 
data demonstrates that norepinephrine can be safely 
administered peripherally.

SAFETY OF PERIPHERAL ADMINISTRATION OF 
NOREPINEPHRINE
The widespread belief that vasopressors must be 
given via a CVC stems from fears of peripheral in!l-
tration and tissue injury. However, evidence shows 
this complication is rare and likely preventable with 
certain practices.8,9,18 Loubani and Green18 performed 
an extensive literature review of adverse effects from 
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decrease the external validity of the results had they been
pooled with the data from more contemporary trials.1

Study limitations
Despite the low statistical heterogeneity in our morbidity
and mortality analyses, the main limitation of this meta-
analysis is the clinical heterogeneity among the different
GDT devices, goals and algorithms employed by
included studies. Although such clinical heterogeneity
can never be fully mitigated by statistical means, we took
several measures to address this issue, such as the use of a
random effects model, stratification of the results by
PAC-guided GDT versus modern GDT, and finally
subgroup analysis by other important sources of hetero-
geneity (e.g. type of GDT monitor).

Another important consideration is the comparability
between different GDT devices; indeed, studies explor-
ing the correlation between different GDT monitors for
reflecting haemodynamic status have demonstrated
mixed results.115–117 Significantly, in subgroup analysis
by type of technology, the mortality benefit of modern
GDT only persisted in the minimally invasive CO moni-
tor subgroup, which reduces the ability to generalise the
primary outcome results.

In addition, although our analysis identified several
secondary benefits of peri-operative GDT, the second-
ary outcomes should be interpreted with caution because
not all studies reported each outcome, and the timing of
follow-up varied between studies. Furthermore, another
significant limitation is the high risk of bias among
included studies. For example, only four of 95 studies

Meta-analysis of peri-operative goal-directed therapy 11

Table 5 Continuous secondary outcomes summary

Outcome WMD (days) 95% CI (days) I2 N of studies P value

Hospital LoS
Modern S0.90 S1.32 to S0.48 81.2%M 62 <0.001

PAC !0.26 !1.03 to 0.51 86.5%M 8 0.52
ICU LoS

Modern S0.69 S1.00 to S0.37 83.8%M 23 <0.001
PAC !0.20 !0.86 to 0.45 86.7%M 6 0.54

Time to first oral intake
Modern !0.54 !1.11 to 0.03 95.7%M 13 0.06
PAC – – – 0 –

Time to first flatus
Modern S0.37 S0.59 to S0.14 74.1%M 10 0.002
PAC – – – 0 –

Time to first bowel movement
Modern !0.21 !0.65 to 0.23 86.4%M 10 0.35
PAC – – – 0 –

Secondary outcomes are stratified by use of PAC versus modern technologies to guide the GDT. Bold outcomes achieved statistical significance. 95% CI, 95%
confidence interval; GDT, goal-directed haemodynamic and fluid therapy; I2, heterogeneity statistic; LoS, length of stay; N of studies, total number of trials; PAC, pulmonary
artery catheter; WMD, weighted mean difference. M Denotes statistically significant I2 values with P<0.05.

Table 6 Summary of findings table for contemporary goal-directed haemodynamic and fluid therapy

Illustrative comparative risks (95% CI)

Outcomes

Assumed risk
(standard care
group)

Corresponding risk
reduction in GDT
group (95% CI)

Relative effect
(95% CI)

Number of subjects
(number of studies)

Quality of the
evidence
(GRADE)

Mortality 52 per 1000 patients 18 (7 to 26) events avoided per
1000 patients

0.66 (0.50 to 0.87) 5550 (52) "" lowa

Arrhythmia 109 per 1000 patients 30 (10 to 47) events avoided per
1000 patients

0.70 (0.55 to 0.91) 3269 (33) "" lowa

CHF 28 per 1000 patients Not significantly different 0.61 (0.33 to 1.12) 2125 (17) "" lowa

Pneumonia 93 per 1000 patients 27 (7 to 43) events avoided per
1000 patients

0.69 (0.52 to 0.92) 2776 (29) "" lowa

Wound infection 111 per 1000 patients 55 (39 to 67) events avoided per
1000 patients

0.48 (0.37 to 0.63) 3593 (32) "" lowa

AKI 141 per 1000 patients 35 (11 to 55) events avoided per
1000 patients

0.73 (0.58 to 0.92) 4310 (37) "" lowa

Hospital LoS The mean hospital LoS
ranged across
control groups from
1.2 to 29 days

The mean hospital LoS was 0.90
(0.48 to 1.32) days shorter in the
GDT group

8797 (62) " very lowa,b

"", low quality evidence rating using the GRADE recommendations; ", very low-quality evidence rating using the GRADE recommendations; 95% CI, 95% confidence
interval; AKI, acute kidney injury; CHF, congestive heart failure; GDT, goal-directed haemodynamic and fluid therapy; GRADE, Grading of Recommendations, Assessment,
Development and Evaluation; LoS, length of stay. a High risk of bias due to lack of blinding and unclear method of allocation concealment for the majority of studies. b Very
high statistical heterogeneity.
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decrease the external validity of the results had they been
pooled with the data from more contemporary trials.1

Study limitations
Despite the low statistical heterogeneity in our morbidity
and mortality analyses, the main limitation of this meta-
analysis is the clinical heterogeneity among the different
GDT devices, goals and algorithms employed by
included studies. Although such clinical heterogeneity
can never be fully mitigated by statistical means, we took
several measures to address this issue, such as the use of a
random effects model, stratification of the results by
PAC-guided GDT versus modern GDT, and finally
subgroup analysis by other important sources of hetero-
geneity (e.g. type of GDT monitor).

Another important consideration is the comparability
between different GDT devices; indeed, studies explor-
ing the correlation between different GDT monitors for
reflecting haemodynamic status have demonstrated
mixed results.115–117 Significantly, in subgroup analysis
by type of technology, the mortality benefit of modern
GDT only persisted in the minimally invasive CO moni-
tor subgroup, which reduces the ability to generalise the
primary outcome results.

In addition, although our analysis identified several
secondary benefits of peri-operative GDT, the second-
ary outcomes should be interpreted with caution because
not all studies reported each outcome, and the timing of
follow-up varied between studies. Furthermore, another
significant limitation is the high risk of bias among
included studies. For example, only four of 95 studies

Meta-analysis of peri-operative goal-directed therapy 11

Table 5 Continuous secondary outcomes summary

Outcome WMD (days) 95% CI (days) I2 N of studies P value

Hospital LoS
Modern S0.90 S1.32 to S0.48 81.2%M 62 <0.001

PAC !0.26 !1.03 to 0.51 86.5%M 8 0.52
ICU LoS

Modern S0.69 S1.00 to S0.37 83.8%M 23 <0.001
PAC !0.20 !0.86 to 0.45 86.7%M 6 0.54

Time to first oral intake
Modern !0.54 !1.11 to 0.03 95.7%M 13 0.06
PAC – – – 0 –

Time to first flatus
Modern S0.37 S0.59 to S0.14 74.1%M 10 0.002
PAC – – – 0 –

Time to first bowel movement
Modern !0.21 !0.65 to 0.23 86.4%M 10 0.35
PAC – – – 0 –

Secondary outcomes are stratified by use of PAC versus modern technologies to guide the GDT. Bold outcomes achieved statistical significance. 95% CI, 95%
confidence interval; GDT, goal-directed haemodynamic and fluid therapy; I2, heterogeneity statistic; LoS, length of stay; N of studies, total number of trials; PAC, pulmonary
artery catheter; WMD, weighted mean difference. M Denotes statistically significant I2 values with P<0.05.

Table 6 Summary of findings table for contemporary goal-directed haemodynamic and fluid therapy

Illustrative comparative risks (95% CI)

Outcomes

Assumed risk
(standard care
group)

Corresponding risk
reduction in GDT
group (95% CI)

Relative effect
(95% CI)

Number of subjects
(number of studies)

Quality of the
evidence
(GRADE)

Mortality 52 per 1000 patients 18 (7 to 26) events avoided per
1000 patients

0.66 (0.50 to 0.87) 5550 (52) "" lowa

Arrhythmia 109 per 1000 patients 30 (10 to 47) events avoided per
1000 patients

0.70 (0.55 to 0.91) 3269 (33) "" lowa

CHF 28 per 1000 patients Not significantly different 0.61 (0.33 to 1.12) 2125 (17) "" lowa

Pneumonia 93 per 1000 patients 27 (7 to 43) events avoided per
1000 patients

0.69 (0.52 to 0.92) 2776 (29) "" lowa

Wound infection 111 per 1000 patients 55 (39 to 67) events avoided per
1000 patients

0.48 (0.37 to 0.63) 3593 (32) "" lowa

AKI 141 per 1000 patients 35 (11 to 55) events avoided per
1000 patients

0.73 (0.58 to 0.92) 4310 (37) "" lowa

Hospital LoS The mean hospital LoS
ranged across
control groups from
1.2 to 29 days

The mean hospital LoS was 0.90
(0.48 to 1.32) days shorter in the
GDT group

8797 (62) " very lowa,b

"", low quality evidence rating using the GRADE recommendations; ", very low-quality evidence rating using the GRADE recommendations; 95% CI, 95% confidence
interval; AKI, acute kidney injury; CHF, congestive heart failure; GDT, goal-directed haemodynamic and fluid therapy; GRADE, Grading of Recommendations, Assessment,
Development and Evaluation; LoS, length of stay. a High risk of bias due to lack of blinding and unclear method of allocation concealment for the majority of studies. b Very
high statistical heterogeneity.
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Perioperative hypotension is a known risk factor 
for many complications including myocardial 
infarction, acute kidney injury (AKI), and mortal-

ity. Avoiding hypotension in the operating room (OR) 
and perioperative period is a key factor to preventing 
postoperative complications.1,2 Although, currently, 
there is no universal de!nition of hypotension, evidence 
suggests organ injury occurs at mean arterial pressure 
(MAP) thresholds <60–65 mm Hg.1,3 Injury such as AKI 
appears to correlate with both magnitude and duration 
of hypotension.1 Factors that can precipitate periopera-
tive hypotension include "uid and blood loss, myocar-
dial dysfunction, and the vasomotor response to positive 
pressure ventilation, anesthetic agents, pneumoperito-
neum, patient positioning, and the systemic in"amma-
tory response to surgery. In addition to "uid therapy 
to maintain intravascular volume, vasopressors are an 
important tool to restore vasomotor tone and maintain 
MAP once intravascular volume is normalized.

Hypervolemia is associated with postoperative com-
plications, and targeted use of vasopressors can avoid 
excessive administration of intravenous (IV) "uid.4 
Increasing implementation of Enhanced-Recovery After 
Surgery (ERAS) principles has led to an emphasis on 

avoiding perioperative "uid overload and utilization 
of goal-directed "uid therapy (GDT) to optimize intra-
vascular volume, particularly in high-risk patients.4,5 
Once volume status is optimized and cardiac output is 
adequate, vasopressor use is an important component of 
GDT protocols. Vasopressors, especially norepinephrine, 
have historically been administered via a central venous 
catheter (CVC) for fear of peripheral extravasation and 
direct tissue injury. Although this belief is widely shared, 
there is little evidentiary support in the clinical literature. 
In the OR, boluses of short acting vasopressors such as 
phenylephrine and ephedrine are commonly adminis-
tered. However, it makes more physiological sense to run 
a low-dose infusion to create a more stable physiological 
platform. In the United States, phenylephrine infusions 
are commonly used, not due to the ideal properties of 
the drug but because anesthesiologists are comfortable 
administering this via a peripheral vein. Norepinephrine 
supports cardiac contractility and causes vasoconstric-
tion, thereby restoring the patient’s physiology closer to 
baseline. However, health systems and providers world-
wide may restrict norepinephrine infusion to central 
venous lines only. The desire to avoid central line place-
ment and its potential complications may discourage pro-
viders from adhering to goal-directed therapy principles 
in surgical procedures, many of which involve pressor 
utilization at certain hemodynamic thresholds.6 Recent 
studies have shown the safety of peripheral adminis-
tration of norepinephrine.7–10 To encourage adoption of 
GDT principles, we will consider the existing evidence 
regarding the safety of administering norepinephrine 
peripherally.

AVOIDING HYPOTENSION IN THE OR
Understanding the consequences of hypotension 
is critical to encouraging vasopressor use when 
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peripheral vasopressor use. The majority of the tissue 
injuries identi!ed were limited to case reports and 
involved distal peripheral intravenous (PIV) adminis-
tration. From 1946 to 2014, they identi!ed 85 studies 
with 80 of these presenting individual data. In patients 
with tissue injury, 85% had PIV access distal to the ante-
cubital or popliteal fossae, and the average duration 
of infusion was 55.9 hours with a median of 24 hours. 
They demonstrated that based on existing reports, tis-
sue injury can result from prolonged administration 
of vasopressors through more distal peripheral access, 
and the authors concluded that vasopressor use via a 
proximal PIV is unlikely to cause local tissue injury 
when used as a temporizing measure.

Recent studies have shown that vasopressors may 
be safely administered via peripheral venous access 
(Table"1).7–10 Pancaro et al7 evaluated 14,385 patients 
who received peripheral norepinephrine during 
elective surgery in the Netherlands. The institutions 
studied used a standardized, dilute norepinephrine 
concentration of 20 µg/mL. They identi!ed only 5 
cases (0.035%) of extravasation and no reported tis-
sue injuries. A signi!cant amount of data also exists 
from intensive care unit (ICU) patients. Although a 
different setting, these data are highly applicable to 
the OR, where hypotension may be transient and 
related to surgery, anesthesia, or mechanical ventila-
tion. In 2015, Cardenas-Garcia et al8 published a study 
of ICU patients receiving vasopressors via PIV access. 
Their PIV access criteria required an 18- or 20-gauge 
IV placed in a vein proximal to the antecubital fossa 
that was >4 mm in diameter on ultrasound. Of their 
783 patients, norepinephrine was used in 506 with a 
concentration of 8 or 16 mg in 250-mL normal saline. 
Their mean infusion rates for norepinephrine were 
0.70 µg/kg/min, and sites were monitored every 2 
hours by trained staff. Extravasation occurred in 2% 
of patients, in which case phentolamine was injected 
and nitroglycerin paste was administered. No tissue 
injuries were identi!ed over the course of this study.

Medlej et al10 evaluated 55 emergency department 
patients, 50 of whom received norepinephrine via 

peripheral access. At a concentration of 8 mg in 250 
mL (32 µg/mL) and a median duration of 13 hours, 
2 patients had extravasation and 1 had thrombo-
phlebitis; 2 of these PIVs were in the hand and 1 in 
the antecubital fossa. All patients recovered with-
out intervention. Lewis et al9 in a review of 202 ICU 
patients with no speci!c peripheral administration 
protocol in place identi!ed peripheral extravasation 
rates of 4%. Out of the 8 cases identi!ed, 7 occurred in 
sites at or distal to the antecubital fossa. In the cases 
of extravasation, 4 were norepinephrine while 4 were 
phenylephrine. These events occurred at a median 
infusion time of 21 hours, and all cases were managed 
conservatively with no intervention necessary.

DISCUSSION AND RECOMMENDATIONS
When volume status is optimized in the OR, vaso-
pressor use may be required to temporarily maintain 
MAP and to avoid the negative consequences of hypo-
tension. Norepinephrine has physiologic advantages 
over phenylephrine, and the recent evidence shows 
that dilute concentrations of norepinephrine are safe 
to administer peripherally when certain conditions 
are met (Table"2).7–10,13 While a signi!cant amount of 
the published data involves ICU patients, we believe 
these data are applicable to the perioperative period, 
where hypotension is more likely a temporary result 
of anesthesia, positive pressure ventilation, patient 
positioning, and the surgery itself. In the studies that 
included both peripheral norepinephrine and phen-
ylephrine infusions, no signi!cant differences were 
noted in extravasation.8,9 Any risks of peripheral 
vasopressor administration must be balanced with 
the potential complications of CVC placement, which 
can include pneumothorax, line infection, thrombo-
sis, arterial injury, hematoma, and venous stenosis.19

Reviewing the data shows that more proximal 
locations of the PIV have decreased risk of extravasa-
tion and tissue injury, and the studies show the safest 
location for the PIV is at the antecubital fossa or more 
proximal.8,9 Catheter size based on existing evidence 
should be 20 gauge or larger. The concentration of 

Table 1. Studies Evaluating Peripheral Administration of Norepinephrine

Study Year Observations Setting
No. of patients receiving 
norepinephrine IV sites evaluated

Total extravasation 
events

Tissue 
injuries

Cardenas-Garcia et al8 2015 783 ICU 506 (65%)a Proximal to antecubital 
fossa

19 (2.4%) 0 (0%)

Lewis et al9 2019 202 ICU 146 (72%) Forearm, antecubital fossa, 
and hand

8 (4%) 0 (0%)

Medlej et al10 2018 55 ED 50 (91%) Antecubital fossa, forearm, 
and hand

2 (3.6%)b 0 (0%)

Pancaro et al7 2020 14,385 Intraoperative 14,385 (100%) Not reported outside of 
extravasation events

5 (0.035%) 0 (0%)

Abbreviations: ED, emergency department; ICU, intensive care unit; IV, intravenous.
aAbout 783 infusions were studied in 734 patients as part of this study.
bIn addition to the 2 extravasation events, 1 patient developed thrombophlebitis that resolved without intervention.
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norepinephrine administered should ideally be !4–8 
mg in 250 mL based on protocols of the above stud-
ies. It is worth noting that most extravasation events, 
when reported, occur following "12 hours of infusion. 
The tissue injuries studied by Loubani and Green18 
occurred at a median infusion time of 24 hours. Thus, 
ideally, vasopressors are only given via a peripheral 
infusion for a limited duration. While the data are 
limited, a duration of 6 to 12 hours for a low-dose 
infusion appears reasonable as long as the above con-
ditions are met, the site is closely monitored, and the 
patient does not have escalating vasopressor require-
ments. Such a duration is reasonable in the OR setting 
where a majority of cases are a few hours in dura-
tion. If there is a longer expected duration of pressor 
requirement, a central line should still be placed. As 
with any vasopressor use, the peripheral administra-
tion of vasoactive medication should have a deescala-
tion plan when appropriate.

In the prospective studies, protocols were devel-
oped for close monitoring of the peripheral infusion 
site, and this should be continued.8,10 As was done in 
the large study by Cardenas-Garcia et al,8 ideally the 
site is checked every 2 hours by a provider trained 
in identifying extravasation injury. This may require 
preoperative planning with the surgeon, as this IV 
site will need to be accessible during the operation. 
As a precaution, phentolamine or nitroglycerin paste 
should also be readily available to treat any extravasa-
tion incidents.20 Although rare, the potential danger of 
extravasation and tissue necrosis cannot be ignored. 
However, based on the existing studies, adhering 
to the above recommendations for peripheral vaso-
pressor administration is shown to be safe, and CVC 
insertion is not a necessity for short-term norepineph-
rine administration.

Anesthesiologists, surgeons, pharmacists, and OR 
staff should work together to develop institutional 
protocols that incorporate these elements when vaso-
pressors are given peripherally, and all involved staff 
should be aware of these safety practices. Such a pro-
tocol will avoid the placement and complications of 
CVCs when temporary intraoperative norepineph-
rine use is indicated. This, in turn, will make it possi-
ble for more institutions and providers to incorporate 

GDT and vasopressor therapy, avoiding the conse-
quences of volume overload and improving patient 
outcomes.

CONCLUSIONS
Norepinephrine can be safely administered as a 
peripheral infusion in the OR as long as certain 
conditions are met. CVC placement should not be 
a prerequisite for administration. The duration of 
infusion should not be excessive, the IV should be 
placed proximally, and the site should be monitored. 
Norepinephrine has hemodynamic advantages over 
pure alpha agonists, and the ability to administer nor-
epinephrine peripherally should promote the use of 
GDT and vasopressor therapy to improve outcomes 
in surgical patients. E
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Table 2. Suggested Conditions for Peripheral 
Norepinephrine Administration
IV should be 18–20 gauge in size
IV location should be proximal to or at the antecubital fossa
Use 4–8 mg in 250-mL concentration
Duration of use should likely not exceed 6–12 h but is based on 

clinician judgment
Site should be monitored every 2 h during infusion
Have a deescalation plan to wean vasopressor use
Phentolamine or nitroglycerin paste available if extravasation occurs

Abbreviation: IV, intravenous.

16-32 
mcg/ml



Uso de vasopresores por vía venosa periférica: 
estado actual

● Línea de investigación novedosa (auge desde 2015).
● Uso heterogéneo (sitio, grosor de vía, concentración, duración, manejo de complicaciones, etc.).
● Extravasación 2-4% (0,03% en pabellón?). Manejo heterogéneo. Sin complicaciones graves.
● Recomendaciones heterogéneas.

● Posibles ventajas:
○ Prevención de complicaciones (disfunciones).
○ Permite optimizar Terapia Guiada por Metas como parte de ERAS.



Proyecto VAPER:
Vasopresores Periféricos
● Dra.  María José Cordero
● Dr. José Ignacio Egaña
● Dr. Alonso Blanch
● Dr. Felipe Maldonado
● Dr. Sebastián Mayanz



Justificación del proyecto

● Aportar a los equipos clínicos en el manejo de la presión arterial perioperatoria.

● Formar equipo de trabajo con interés en temáticas perioperatorias.

● Abrir nuevos espacios de investigación y docencia para alumnos, internos, becados y staff.

● Cooperar con estrategias de recuperación acelerada (o ERAS).
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Conclusiones Vasopresores Periféricos

● La administración de vasopresores por vía venosa periférica parece ser segura. 
○ Las extravasaciones no tienen consecuencias graves.
○ Las complicaciones parecen ser menos frecuentes en pabellón (comparado con UPC y SU).

● Las modalidades de administración son heterogéneas.
○ Muy importantes: Elección correcta y monitorización frecuente de sitio de administración.

● Reafirmamos que nuestros equipos de trabajo permiten abrir interesantes espacios clínicos y 
académicos.
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● Dra.  María José Cordero
● Dr. José Ignacio Egaña
● Dr. Alonso Blanch
● Dr. Felipe Maldonado
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Desarrollo de protocolo 
de NADVP en una mICU

84 pacientes
92 casos NADVP  

Media de 2hr57min
⥶ 0.2ug/k/min en 73%

>0.2 →CVC

Infiltración 3 casos (3%) 
a 0,3 a 0,8 mcg/kg/min

Reciben fentolamina <30 
min de la infiltración

Sin complicaciones a 
largo plazo

Adherencia aceptable
Técnica segura y 
efectiva
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norepinephrine via the protocol was piloted during which
safety, central line placement, and adherence with predeter-
mined protocol elements were evaluated. The objective of this
pilot was to determine if norepinephrine can be safely admi-
nistered through a PIV in select MICU patients minimizing the
need for central line insertion.

Methods

This was a single-center, prospective, observational quality
improvement pilot. All adult patients who received norepi-
nephrine via PIV while admitted to the MICU at an academic
tertiary care medical center between March 1, 2018 and June
30, 2018 were included. The MICU consists of 48 beds with
patients managed by both medical residents and nurse practi-
tioners. Per the institutional protocol, patients could be consid-
ered for PIV administration of low dose norepinephrine for less
than 24 hours if deemed appropriate by critical care practi-
tioners based on clinical status and anticipated short-term nor-
epinephrine use. The protocol included specific criteria for
gauge, number, and site of PIV’s and required visual inspection
and evaluation of PIV’s every 2 hours. Only norepinephrine
could be administered through a PIV; all other vasopressors
required CVC for administration. The protocol was developed
following an extensive literature review by a multidisciplinary
group including physicians, pharmacists, advanced practice
nurses, and staff nurses as part of a unit-specific quality
committee.

The clinical nurse specialists developed education on the pro-
tocol for all of the clinicians. The education for each clinical group
(prescribers vs. staff nurses) focused on the elements of the
protocol that was relevant to their group. Education was provided
in various forums including electronic newsletters, bulletin
boards, walking rounds, daily huddles, and one-on-one point of
care. We developed a frequently asked questions document to
track and distribute information as the project progressed. The
clinical nurse specialist provided daily observations of the
patients who were receiving peripheral norepinephrine to rein-
force all elements of the protocol and standards of nursing care.
Our institution follows the Infusion Nurses Society Standards of

Practice for the care and maintenance of peripheral intravenous
catheters.4

Data was collected daily to assess adherence with protocol
elements. These included: maximum norepinephrine rate
(received for any period of time), maximum norepinephrine
concentration, norepinephrine duration, PIV number, PIV
gauge, PIV site, documentation of blood return on initiation,
and documentation of site assessment and blood return check
every 2 hours. Baseline demographics of age, gender, and
actual body weight were also collected. The primary outcome
goal was avoidance of CVC insertion. Safety outcomes eval-
uated included number of norepinephrine infiltrations, use of
phentolamine, and development of complications due to infil-
tration (tissue necrosis or need for surgical consult). All demo-
graphic and outcomes data were collected prospectively by
investigators during the pilot period. Descriptive statistics were
used to describe the overall patient cohort. Continuous vari-
ables are reported as median and categorical variables are
reported as frequency (percentage). Institutional Data Quality
Release approval was granted by the Chief Quality Officer.

Results

During the four-month pilot, 316 patients received a norepi-
nephrine infusion while admitted to the MICU. Norepinephrine
was initially administered via CVC in 232 (73%) patients and
norepinephrine was initially administered via PIV in 84 (27%)
patients. For these 84 patients, there were 92 encounters in
which norepinephrine was administered via PIV which were
included in the final data analysis. Table 2 describes the base-
line patient and infusion characteristics for these 92 norepi-
nephrine administrations. Due to documentation limitations,
it was difficult to capture the incidence of infusion site changes
due to no blood return as well as the clinician reassessment
every 4 hours.

Avoidance of CVC placement occurred in 31 of 92 norepi-
nephrine administrations (34%). The median duration of per-
ipheral norepinephrine administration was 2 hours 57 minutes,
ranging from 5 minutes to 31 hours. Adherence with individual
elements of the protocol are reported in Table 3. High adher-
ence was seen for norepinephrine concentration, PIV gauge,
number of PIVs, and infusion duration. Elements with lower
adherence included location of PIV and frequency of documen-
ted PIV assessment and blood return. The majority of encoun-
ters were compliant with the norepinephrine dose requirement
of less than or equal to 0.2 mcg/kg/min (67/92, 73%). Of the 25
of 92 (27%) administrations in which patients received norepi-
nephrine at a dose greater than or equal to 0.2 mcg/kg/min, a
CVC was inserted in all patients except for 2, one of which was
not placed due to transition to comfort care.

Infiltration of norepinephrine occurred in 3 of 92 (3%)
peripheral administrations. The mean duration of peripheral
norepinephrine administration at the time of infiltration was
2 hours 43 minutes. In all 3 infiltrations, norepinephrine was
administered via 20 gauge PIV in the forearm. The rates of
norepinephrine at the time of infiltration were 0.6, 0.3, and

Table 1. Protocol Elements for Peripheral Norepinephrine
Administration.

Norepinephrine dose less than or equal to 0.2 mcg/kg/min*
Norepinephrine concentration 4 mg/250 mL
PIV 18 or 20 gauge
Must have at least 2 PIVs
PIV must be at least 2” above the wrist and in no areas of flexion
PIV must be assessed on initiation and every 2 hours by RN (including

blood return); if no blood return, infusion site must be changed
Continuation of norepinephrine reassessed every 4 hours by the provider

on call
If the patient is not clinically improving at 24 hours, access should progress

to a central line

Abbreviations: PIV, peripheral intravenous catheter; RN, registered nurse.
* Dosing based on actual body weight.
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16 mcg/ml


