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ABSTRACT
Objective: To describe a case of clinically significant norepinephrine extravasation in a dog with a successful outcome following
the use of subcutaneous phentolamine infusion.
Case Summary: An 8-year-old male neutered Labrador Retriever experienced norepinephrine extravasation from a cephalic,
peripheral intravenous catheter while under anesthesia for an exploratory laparotomy. Upon recognition of norepinephrine
extravasation, moderate subcutaneous edema and a painful dermal plaque were apparent at the extravasation site. Ten milligrams
of phentolamine mesylate, a potent alpha-adrenergic receptor antagonist, were diluted in 10 mL of sterile saline and administered
subcutaneously in small aliquots at multiple sites in the area of extravasation. The patient remained hemodynamically stable
during and after the infusion. Most phentolamine injections produced instantaneous erythematous macules that resolved 24–36 h
later, and the integument in the extravasation area rapidly changed from a “blanched” to a “pink” color. The subcutaneous edema
gradually resolved within 7 days post-extravasation. At 12 h following extravasation, the dermal plaque progressed into a necrotic
focus, which later developed into an ulcer (36 h), then a small crust (7 days), and finally healed epidermis (9 days). When the
patient was euthanized 10 days after surgery due to continued decline secondary to systemic disease, there remained only a small
superficial crust at the site of extravasation.
Unique Information:To the authors’ knowledge at the time of submission, this case report documented the first reported clinical
use of subcutaneous phentolamine infusion for the management of norepinephrine extravasation in a veterinary species.

1 INTRODUCTION

Norepinephrine is the most commonly used vasopressor for
patients experiencing septic shock in human and veterinary
medicine [1, 2]. Norepinephrine is a potent alpha-1 and
alpha-2 adrenergic receptor agonist and is a moderate beta-
1 receptor agonist [2]. The resultant effect of the alpha-adrenergic
receptor activation is profound peripheral vasoconstriction

[2]. Extravasation of norepinephrine and other vasopressors
has been reported to cause local tissue ischemia and necrosis
due to their potent vasoconstrictive effects [3]. In order to
reduce the risk of vasopressor extravasation, human guidelines
traditionally recommend administering norepinephrine through
a central venous catheter (CVC) rather than a peripheral
intravenous catheter (PIVC) [3]. When treating patients with
septic shock, the 2021 Surviving Sepsis Campaign Guidelines

Abbreviations: CRI, continuous rate infusion; CVC, central venous catheter; PIVC, peripheral intravenous catheter.
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suggest administering vasopressors through a PIVC in order to
restore blood pressure as quickly as possible rather than delaying
initiation until a CVC is placed [4]. Should it be necessary to
administer vasopressors through a PIVC, human guidelines
recommend using a PIVC that is ≥20 gauge for ≤4 h [5].

Phentolamine is a potent, short-acting, alpha-adrenergic receptor
antagonist that is the only Food and Drug Administration-
approved treatment for norepinephrine extravasation in human
medicine [3, 6]. Phentolamine opposes vasoconstriction caused
by the extravasation of the majority of alpha-adrenergic vaso-
pressors, such as epinephrine, dobutamine, dopamine, nore-
pinephrine, and phenylephrine [6]. The drug label for nore-
pinephrine bitartrate 1 mg/mL solution for injection has a black
boxwarning providing instructions for phentolamine administra-
tion as the “Antidote for Extravasation Ischemia” [7]. According
to both thenorepinephrine black boxwarning and current human
literature, the vasopressor extravasation site should be infiltrated
with 10–15 mL of saline solution containing 5–10 mg of phen-
tolamine as soon as possible after the extravasation is noted [3,
7–9]. Using a fine hypodermic needle, the phentolamine solution
should be infiltrated liberally throughout the extravasation area,
which may be identified by its cold, hard, and pallid appear-
ance [7]. When administered within 12 h of norepinephrine
extravasation, phentolamine-induced sympathetic blockade can
reduce tissue ischemia and prevent necrosis by causing local
vasodilation, which can be visualized clinically as an immediate
and conspicuous local hyperemic change [7]. Following the
administration of phentolamine, the patient should bemonitored
for complications including hypotension, hyperemia, and pain
from reperfusion of affected tissues [9].

The objective of this case report is to describe the successful
use of phentolamine infusion for the management of clinically
significant norepinephrine extravasation in a dog. To the authors’
knowledge at the time of submission, there were no published
reports of the clinical use of phentolamine for norepinephrine
extravasation in veterinary medicine.

2 CASE REPORT

An 8-year-old male neutered Labrador Retriever was presented
to a veterinary teaching hospital for persistent anorexia, diar-
rhea, and weight loss 1 month after diagnosis and appropriate
treatment for severe multi-systemic Heterobilharzia americana
infection. The patient was diagnosed with a jejunoileocolic
intussusception by abdominal ultrasound the day after presen-
tation and subsequently underwent exploratory laparotomy with
concurrent resection and anastomosis, along with tissue biopsies
of the liver and jejunum. The patient had no prior history of
ectoparasitism or dermatological disease.

Ninety minutes prior to anesthesia, the left antebrachium was
circumferentially clipped of hair and aseptically prepared, and a
20-gauge PIVCa was placed in the cephalic vein. There were no
obvious lesions on the limb at the time of PIVC placement, which
was routine with successful placement on the second attempt.
This PIVC was patent during anesthetic induction and was used
as the primary PIVC to administer medications perioperatively.
Immediately prior to anesthesia, a second PIVC was placed in

the right dorsal pedal vein for backup IV access in the event the
primary PIVC could not be used.

The patient was premedicated with fentanylb (3 µg/kg, IV, once)
and midazolamc (0.5 mg/kg, IV, once). Anesthesia was induced
with propofold (1.3 mg/kg, IV, titrated slowly to effect). He
was intubated and mechanically ventilated with 100% oxygen.
Anesthesia wasmaintained with sevofluranee (0.8%–2% inhaled),
fentanyl continuous rate infusion (CRI) (5–20 µg/kg/h, IV), and
ketaminef CRI (1 mg/kg/h, IV). A lidocaineg CRI (3 mg/kg/h, IV)
was provided intraoperatively for additional analgesia. Cefoxitinh
(30 mg/kg, IV, every 90 min) was administered intraoperatively
for antimicrobial prophylaxis. The dog also received a 5% canine
lyophilized albumin transfusioni (10 g diluted in 200 mL of 0.9%
NaCl and administered IV over 4 h) to treat hypoalbuminemia
and provide perioperative colloidal support.

During surgery, the patient experienced systemic hypotension
as measured via indirect oscillometric blood pressure; the low-
est systolic and mean arterial blood pressures were 80 and
52 mmHg, respectively. Hypotension was initially managed with
intravenous crystalloid fluid boluses (lactated Ringer’s solutionj
5 mL/kg, IV, twice). Approximately 2 h after induction, a
norepinephrinek CRI (0.3 µg/kg/min, IV; diluted to 100 µg/mL
with 0.9% NaCl) was started for the treatment of persistent
hypotension in the face of presumed adequate volume status.
Over the next 2 h of surgery, the norepinephrine CRI was
gradually titrated up from 0.3 to 1.5 µg/kg/min and appeared
to be efficacious in maintaining blood pressure; mean arterial
pressures remained between 60 and 80 mm Hg during this
period.

Immediately following abdominal closure and removal of the
sterile surgical drapes, the patient was noted to have new
subcutaneous edema of the left antebrachium located proximal to
the PIVC bandage. The patient was receiving five different CRIs
through this PIVC at the time the edema was noted. The left
cephalic PIVC was flushed with sterile saline and determined to
be nonpatent. The fentanyl, lidocaine, and norepinephrine CRIs
were relocated to the backup right dorsal pedal PIVC, and the
lactated Ringer’s solution and albumin CRIs were temporarily
discontinued. The anesthetized patient was transported to radi-
ology for placement of both a jugular CVC and an esophageal
feeding tube. After CVCplacement, the norepinephrine, fentanyl,
and lidocaine CRIs were relocated to the CVC, and the lactated
Ringer’s solution and albumin CRIs were restarted through the
right dorsal pedal PIVC. The patient was recovered uneventfully
from anesthesia and returned to the ICU.

Following recovery from anesthesia, the left cephalic PIVC
was removed, revealing a new lesion centered over the PIVC
insertion site. The lesion was an approximately 2 × 3 cm,
raised, thickened, apparently painful plaque that was initially
only slightly darker in color than the surrounding skin, which
had a generalized “blanched” appearance. There was moderate
subcutaneous edema located circumferentially around the limb at
the level of, and proximal to, the plaque. Neither aspiration of the
PIVC nor irrigation of the subcutaneous space with sterile saline
was performed prior to the removal of the PIVC. The affected
limb was not elevated; however, a heat pack was applied to the
extravasation site for approximately 10 min after PIVC removal.
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Given the concern for perioperative extravasation of nore-
pinephrine, Animal Poison Controll was consulted. The maxi-
mum possible volume of extravasated norepinephrine was deter-
mined to be 28mL of 100 µg/mLnorepinephrine solution yielding
a total of 2.8 mg (or 89.2 µg/kg) of norepinephrine. Animal
poison control had only one previous case report of subcutaneous
norepinephrine extravasation in a dog in their database for
which follow-up was not available. However, given the current
recommendations from both the human literature and the black
box warning on the norepinephrine drug label, phentolamine
was recommended as the gold standard therapy [7]. Additionally,
warm compresses and elevation of the affected limb were recom-
mended in the acute period to promote vasodilation and systemic
absorption [6].

Phentolamine infusionwas performedwithin 11 h of the initiation
of norepinephrine therapy and 5 h after the initial recognition
of extravasation. Two 5-mg vials of phentolamine mesylatem
were obtained from a local human hospital. Each 5-mg vial was
reconstituted with 5 mL of sterile saline, producing 10 mL of
a 1-mg/mL phentolamine mesylate solution. The entire 10 mL
of the 1% phentolamine mesylate solution was aspirated into
a single 12-mL syringe and administered subcutaneously, cir-
cumferentially around the plaque/left cephalic PIVC insertion
site, using multiple new 25-gauge hypodermic needlesn. Before
small aliquots of phentolamine were instilled, the syringe was
aspirated and lack of hemorrhage was confirmed. During the
phentolamine infusion and for 30 min thereafter, the patient
was monitored via oscillometric blood pressure every minute
and remained normotensive with no clinical evidence of hemo-
dynamic shock. Erythematous macules formed instantaneously
at most, but not all, of the phentolamine injection sites. The
macules were round, well-marginated, variably raised, variably
sized (3–10 mm in diameter) hyperemic foci, some of which
exuded a small bleb of hemorrhage upon removal of the
needle from the skin (Figure 1). Additionally, the integument
of the extravasation area had a generalized return of pink
coloration.

Throughout the next 10 days of hospitalization, the extravasation
site was closely monitored (Figure 2). At 12 h post-extravasation,
the area previously noted as a dermal plaque became a distinct
focus of necrosis; it was nearly black in color, thicker,more raised,
and well marginated, with only a thin border of erythematous
skin separating the plaque from the surrounding healthy epider-
mis (Figure 2A). At 36 h post-extravasation, the dermal plaque
sloughed, revealing a shallow, nonpainful, mildly exudative
dermal ulcer approximately 2× 3 cm in size (Figure 2B). The ulcer
was covered with a small Tegaderm bandageo. Initially, bandage
changes were performed at least daily, but the wound was only
minimally exudative, which soon allowed for bandage changes
to be spaced out to every other day as the wound healed by sec-
ondary intention. At 7 days post-extravasation, the dermal ulcer
had developed into a nonpainful, nonexudative crust (Figure 2C,
left). At 9 days post-extravasation, the crust was nearly completely
sloughed, revealing a healthy epidermis (Figure 2C, right). The
erythematous macules and surrounding generalized hyperemia
of the integument were completely resolved after approximately
24–36 h post-phentolamine infusion. The subcutaneous edema
gradually resolved over 7 days post-extravasation.

FIGURE 1 Cranial (top) and lateral (bottom) aspects of the nore-
pinephrine extravasation site at approximately 2 h after phentolamine
infusion in a dog, demonstrating the plaque centered over the approx-
imate peripheral intravenous catheter insertion site (arrow) and the
erythematous macules that formed at each phentolamine injection site
(*).

Histopathology results of the liver and jejunal biopsies revealed
disseminated lymphoma, suspected to be malignant transforma-
tion secondary to schistosomiasis. At 10 days after surgery, the
patientwas euthanized due to continued clinical decline and poor
prognosis for recovery. At the time of necropsy examination, only
a small superficial crust was noted at the extravasation site.

3 DISCUSSION

In veterinary medicine, peer-reviewed literature characteriz-
ing the occurrence, treatment, and outcome of vasopressor
extravasation events is limited, and the incidence of vasopressor
extravasation is currently unknown. In people, retrospective
studies and systematic reviews have attempted to characterize
the risk associated with peripheral and central administration of
vasopressor solutions. One systematic review reported 325 events
of vasopressor extravasation, 204 of which resulted in local tissue
injury, including skin necrosis, tissue necrosis, and gangrene
events [10]. Of these, 97.8% resulted from peripheral intravenous
administration, while just 2.2% resulted from administration via
CVCs, but the overall incidence of occurrence was not investi-
gated [10]. A meta-analysis of 11 studies including 16,055 adult
patients revealed a pooled incidence of adverse events associated
with peripheral intravenous vasopressor administration of just
1.8%, while a meta-analysis of four studies including 388 children
estimated this incidence at 3.3% [11]. Another systematic review
identified seven cohort studies including 1362 adult patients in
shock and documented 35 instances of vasopressor extravasation
yielding an incidence rate of 3.4%, none of which resulted
in tissue necrosis or limb ischemia [12]. Given the frequent
use of vasopressor medications in veterinary anesthesia and
critical care, increased reporting on the occurrence and outcome
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FIGURE 2 Serial images of a norepinephrine extravasation site in a dog, with enlargement of the peripheral intravenous catheter insertion site at
(A) approximately 12 h post-extravasation, (B) approximately 36 h post-extravasation, (C, left) approximately 7 days post-extravasation, and (C, right)
approximately 9 days post-extravasation. In picture B, the ulcer bed contains granulation tissue undergoing epithelialization with a mild amount of
serous discharge and fibrinous material.

of vasopressor extravasation events is warranted to determine
clinical significance.

Until recently, peer-reviewed treatment recommendations for
vasopressor extravasation in animals did not exist, so current
human recommendations were translated to the canine patient
[13]. Studies documenting the safety and efficacy of phentolamine
administration in veterinary species are exceedingly rare. In
one experimental study from 1957, dogs received subcutaneous
infusions of diluted norepinephrine solution over a 50- to 70-
min period, which “routinely” resulted in tissue necrosis and
sloughing [14]. Some of these dogs received 10 mg of phento-
lamine infused subcutaneously within and around the margins
of the site of subcutaneous norepinephrine administration, and
the phentolamine infusion was found to be “dramatically effec-
tive” in preventing norepinephrine-induced tissue necrosis when
“injected into the area of extravasation immediately or up to 12 h
following extravasation” [14]. Furthermore, the phentolamine

infusion had no effect on blood pressure [14]. In the current study,
the coloration of the extravasation area rapidly improved from a
“blanched” to a “pink” color following phentolamine infusion,
which supports a positive response to therapy [6]. Furthermore,
the authors hypothesize that the erythematous macules were a
result of sudden, profound, focal vasodilation at the site of each
phentolamine infusion, further supporting a positive response to
therapy. These color changes to the integument are expected in
people; however, they may be less apparent in canines due to
species differences in anatomy (subcutaneous tissue, hair coat,
etc.) and/or response to therapy.

Availability of phentolamine in the veterinary setting is unreliable
given historical shortages, as well as the fact that it is not usually
stocked in veterinary clinics [15]. A 2017 systematic review of
alternative pharmacological treatment options for vasopressor
extravasation in people proposed a treatment algorithm consist-
ing of a combination of subcutaneous terbutaline (1 mg diluted
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in 10 mL of saline, injected subcutaneously into the area of
extravasation) and 2% nitroglycerin ointment (applied topically
to cover the entire affected area) [15]. If there is inadequate
improvement in signs of tissue ischemia, terbutaline can be
repeated 15 min later. If improvement is seen but residual
symptoms remain, nitroglycerin may be reapplied every 8 h
until symptoms fully resolve [15]. The authors caution that the
safety and efficacy of subcutaneous terbutaline administration
have not been fully evaluated [15]. In contrast to terbutaline
and nitroglycerin, the following alternative treatment options
were found to have no beneficial effects: papaverine, procaine,
hyaluronidase, and conivaptan [15].

Other recommended nonpharmacological therapies for vaso-
pressor extravasation in people include aspirating the PIVC as
soon as extravasation is identified, irrigating the subcutaneous
space with sterile saline, and lastly removing the PIVC [3, 6, 9,
10]. Next, the affected limb should be elevated at a 45◦ angle,
and the extravasation site should be warm-packed and closely
monitored for the development of local tissue necrosis, which
may require surgical debridement [3, 6, 9, 10]. Passive range of
motion physiotherapy on the affected limb may also improve
lymphatic and venous drainage of the extravasation site, thereby
enhancing systemic absorption of the extravasated drug [13].

A recent veterinary case series documented the occurrence
and management of vasopressor extravasation in three canine
patients, all of which resulted from PIVC administration [13].
Associated complications were similar to those in the present
study and included pain, areas of pallor, ecchymoses of the
affected limb, and tissue necrosis [13]. All patients received a
combination of nonpharmacological treatments (e.g., PIVC aspi-
ration, warm compress, passive range of motion) and pharma-
cological treatments (i.e., tourniquet placement at the proximal
and distal margins of extravasation site immediately before,
and for 15 min following, subcutaneous terbutaline and topical
nitroglycerin administration), which resulted in rapid erythema
and reduced pain in the treated area [13]. Those authors outline
a suggested treatment protocol for vasopressor extravasation
in dogs, including nonpharmacological strategies, terbutaline
and nitroglycerin dosing, and recommended monitoring [13]. In
addition, at the time of submitting the current case report, a
multicenter retrospective case series describing 14 cases of nore-
pinephrine extravasation in dogs and cats was simultaneously in
production for publication, describing complications secondary
to extravasation, treatment strategies, and outcomes [16].

The patient in the current report developed extravasation site
necrosis despite phentolamine infusion. However, the reader
should not conclude that phentolamine infusion is an ineffective
treatment for vasopressor extravasation in dogs as there were
numerous complicating factors in this case. Phentolamine infu-
sion is most effective if the treatment is started early (within
12 h of vasopressor extravasation) [6]. In the present study,
the exact time of extravasation is unknown but may have
occurred up to 11 h prior to phentolamine infusion. This patient
also experienced concurrent extravasation of other potentially
irritating medications (e.g., cephalosporins, canine lyophilized
albumin). In addition, the PIVC was not aspirated back prior
to removal, and the subcutaneous space was not irrigated with
saline. Finally, a relatively high dose of norepinephrine was used

in this case (up to 1.5 µg/kg/min) to achieve an appropriate blood
pressure. The authors suggest that the patient in the present
report may have benefitted from phentolamine administration
by reduced severity of necrosis and more rapid recovery. The
wound required only minimal care throughout the period of
hospitalization; it declared itself early following the extravasation
event, it was minimally exudative, and it rapidly healed by
secondary intention. Further studies are needed to determine
if phentolamine infusion is beneficial for veterinary patients
experiencing vasopressor extravasation.

Given the paucity of information regarding the treatment of
vasopressor extravasation in veterinary medicine, safe adminis-
tration of vasopressors and prevention of extravasation should
be a priority for all patients. In people, potential risk factors for
local tissue injury secondary to vasopressor extravasation include
vasopressor administration through distal PIVCs (i.e., distal to the
antecubital or popliteal fossae), increased duration of vasopressor
extravasation (i.e., >24 h), the degree of shock-induced tissue
hypoperfusion in the distal extremities, higher concentration of
vasopressor, and higher rate of vasopressor administration [9,
10, 17]. Therefore, vasopressors should be administered through
CVCs when possible, especially if longer durations, higher
rates, and higher concentrations are anticipated. However, when
indicated in emergency situations and until a CVC is placed,
short-term administration (<2 h) of vasopressors via proximal,
well-placed PIVCs that are closely monitored is unlikely to result
in local tissue injury [10, 12]. The need for vasopressors in veteri-
nary patients may emerge rapidly in anesthesia and critical care
situations. As demonstrated by the failures of this case, veterinary
hospitals need to establish standard operating procedures for the
administration of vasopressors and raise awareness about the
risks and consequences of extravasation, as well as treatment
protocols should extravasation occur.

Future study of this topic is necessary in veterinary medicine,
including characterization of the prevalence and outcomes of
vasopressor extravasation events in animals and treatment rec-
ommendations with alternative options. In addition, veterinary
research devoted to the safe administration of vasopressors and
prevention of extravasation is warranted.
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Endnotes
aVeterinary I.V. polyurethane catheter, Cardinal Health, Waukegan, IL.
bFentanyl Citrate, Hospira Inc., Lake Forest, IL.
cMidazolam, Almaject, Inc., Morristown, NJ.
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dPropofol Injectable Emulsion, Zoetis Inc., Kalamazoo, MI.
eSevoflurane, Dechra Veterinary Products, Overland Park, KS.
fKetamine hydrochloride, MWI, Boise, ID.
gLidocaine 2%, MWI, Boise, ID.
hCefoxitin, SAGENT Pharmaceuticals, Schaumburg, IL.
iCanine lyophilized albumin, Animal Blood Resources International,
Stockbridge, MI.
jLactated Ringer’s Solution, Dechra Veterinary Products, Overland Park,
KS.

kNorepinephrine Bitartrate Injection, Breckenridge Pharmaceutical Inc.,
Berlin, CT.
lASPCA Animal Poison Control Center, Urbana, IL.
mPhentolamine mesylate, Hikma Pharmaceuticals USA Inc., Berkeley
Heights, NJ.

n25-gauge, hypodermic needle, BD, Franklin Lakes, NJ.
oTegaderm Film, 3M, St. Paul, MN.
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