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Abstract Objective: The goal of this study was to evaluate the number and fre-
quency of adverse effects in a population of clinical canine patients receiving Nex-
terone.
Animals: Seventeen canine patients receiving Nexterone (five of which were trea-
ted during cardiopulmonary arrest).
Methods: An electronic records search for canine patients receiving intravenous
Nexterone at the Michigan State University Veterinary Teaching Hospital was per-
formed and retrospectively evaluated for patient demographic information, pre-
and post-treatment values for heart rate, blood pressure and rhythm diagnosis,
as well as any documented adverse effects (hypotension, anaphylaxis, vomiting,
phlebitis, and death). Data including the underlying cardiac or systemic disease,
concurrent medications, as well as the final clinical diagnosis and treatment out-
come were also recorded.
Results: No adverse effects were noted in this population of clinical canine patients
receiving Nexterone. The median pre-treatment heart rate and blood pressure va-
lues were 160 bpm (range 120e300 bpm) and 105 mmHg (range 60e170 mmHg), re-
spectively. After treatment, the median heart rate was significantly lower (120
bpm; range 68e172 bpm). The median blood pressure similar to the pre-treatment
blood pressure (115 mmHg; range 100e150 mmHg).
Conclusion: In this study of 17 dogs receiving the premixed formulation of inject-
able Nexterone, no dogs were found to have acute adverse side effects. Nexterone
appears to be a safe drug choice for in-hospital treatment of canine arrhythmias.
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Further studies are needed to assess the efficacy and long-term effects of this med-
ication and the ideal dosing protocol for various arrhythmias.
ª 2015 Elsevier B.V. All rights reserved.

Introduction

Ventricular arrhythmias are potentially fatal and
require fast-acting and safe therapies. Many dif-
ferent anti-arrhythmic medications exist, and are
traditionally categorized into four main Vaughan-
Williams classes depending on their primary
mechanism of action. Amiodarone is classified as a
Class III anti-arrhythmic drug, although it possesses
characteristics of all four classes, with effects on
blocking sodium, potassium and calcium channels,
slowing conduction and prolonging the refractory
period.1,2 Amiodarone was first discovered in 1962,
and gained initial Food and Drug Administration
approval in 1985 for use as an antianginal and anti-
arrhythmic drug.3 However, severe side effects of
the early formulations prevented the use of
amiodarone from becoming widespread.

The initial formulation of injectable amiodar-
one was prepared in solution with polysorbate 80
(Tween 80) and benzyl alcohol, and required fur-
ther dilution in 5% dextrose prior to intravenous
administration.4 These chemicals have been
implicated in the development of adverse effects
including hypotension and negative inotropy.4

Severe adverse effects have been documented in
human and canine patients receiving this for-
mulation of amiodarone, including life-threatening
hypotension, anaphylaxis, bradycardia and other
arrhythmias (Torsades de pointes, asystole), acute
hepatic necrosis and death, in addition to cuta-
neous drug reactions and injection site reac-
tions.2,3,5,6 Hypotension is the most common
adverse reaction encountered in humans, with a
reported frequency of 20% in patients receiving
the formulation of amiodarone with polysorbate 80
and benzyl alcohol carrier solvents.7e9 The inci-
dence of hypotension has been attributed to the
carrier, and is also reported to be related to the
rate of infusion rather than to the total dose.10

Signs of anaphylaxis and acute allergic reactions
have been reported in dogs receiving the for-
mulation of injectable amiodarone with poly-
sorbate 80 and benzyl alcohol carrier solvents.2,5,6

In a 2012 study of 28 dogs receiving either oral or
injectable amiodarone between 2003 and 2010,
five received this intravenous formulation, two of
which developed urticaria and facial angioedema,
and one dog who developed erythema and

pruritus.5 These signs resolved in all dogs following
both steroid and antihistamine therapy, in addition
to discontinuation of injectable amiodarone and
the initiation of oral treatment instead.5 In
another report of adverse effects in two canine
patients, both dogs had successful conversion of
atrial fibrillation, but experienced hypotension,
phlebitis, and signs of hypersensitivity including
hyperemia, pruritus and exhibition of agitated
behavior.6

In 2008, a new formulation of amiodarone was
approved by the Food and Drug Administration,
and a premixed solution under the brand name
Nexterone (Baxter Healthcare) became available
for use in 2010. Nexterone is labeled for the
treatment of ventricular fibrillation and ven-
tricular tachycardia in human medicine, and is also
of use in the conversion of atrial arrhythmias such
as atrial fibrillationa. This formulation does not
include the polysorbate or benzyl alcohol carriers,
and has been shown to have less negative side
effects and still be efficacious in treatment of
ventricular tachycardia in people and rats.4 Addi-
tionally, Nexterone has been shown to have no
adverse hemodynamic effects or other acute
adverse clinical signs such as hypersensitivity
reactions when administered to healthy research
dogs during preclinical trials.11,12 Adverse effects
of this new formulation are uncommon in humans,
but reports include hypotension, and proar-
rhythmic effects leading to bradycardia, atrio-
ventricular block, ventricular tachycardia, and
asystole.10 These adverse effects are most com-
monly treated by slowing the drug infusion.10

Reactions which necessitated discontinuation of
therapy have been reported in less than 2% of
clinical human patients and include reports of
severe hypotension, cardiogenic shock, asystole,
cardiac arrest, and continued or worsening ven-
tricular tachycardia.10

To date, there are no published data regarding
the frequency of adverse effects of Nexterone
administered to clinical canine patients. The pri-
mary goal of this study was to evaluate the number

a Nexterone (Baxter Healthcare; Deerfield, IL) Injection Insert
FDA Reference ID: 3056994. 2011:1e16.
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and frequency of adverse effects in a population of
clinical canine patients receiving Nexterone.

Animals, materials and methods

An electronic records search for canine patients
receiving intravenous amiodarone at the Michi-
gan State University Veterinary Teaching Hospi-
tal was performed. Patients receiving
amiodarone prior to 2011 (the first year this
hospital carried Nexterone), patients receiving
amiodarone other than the brand name Nexter-
one, or patients without a complete medical
record were excluded. Records were retro-
spectively evaluated for: patient demographic
information, pre- and post-treatment values for
heart rate, blood pressure and rhythm diagnosis,
as well as any documented adverse effects
(hypotension, anaphylaxis, vomiting, phlebitis,
and death). Data including the underlying car-
diac or systemic disease, concurrent medications
including anti-arrhythmic drugs administered
before and after Nexterone treatment, as well as
the final clinical diagnosis and treatment out-
come were also recorded.

Owing to small sample size, non-parametric
statistical analysis was used. Descriptive data are
presented as median (range). A Wilcoxon signed-
rank test was used to compare heart rate and
blood pressure before and after Nexterone
administration.

Results

Seventeen cases were identified that received
Nexterone between 2011 and 2014. Fourteen dog
breeds were represented, with three Golden
Retrievers, two English bulldogs, and one each
of Boxer, Beagle, Labrador Retriever, English Fox-
hound, Bichon Frise, Doberman Pinscher, Shar Pei,
American Pit Bull Terrier, Wirehaired Pointing
Griffon, Bullmastiff, St. Bernard and mixed breed
dog. The median patient age was 7 years (2e14
years), and the median weight was 30 kg
(7e65 kg). In this patient population, there were
eight castrated males, four intact males, and five
spayed females.

Patients were presented to the Emergency/
Critical Care or Cardiology services with a variety
of chief complaints. The most common were
lethargy (6 of 17 cases) and/or a known arrhythmia
(3 of 17 cases). Anorexia, motor vehicle trauma,
syncope and lateral recumbency were the reasons
for visit in 2 of 17 cases each, and only single cases

presenting with the chief complaints of congestive
heart failure, anemia, gastric dilatation/volvulus,
gunshot wound, suspected cardiac tumor,
abdominal distension, vomiting, as well as one
case that was presented in cardiopulmonary arrest
(CPA).

Less than half (7 of 17) of the patients had
known underlying primary cardiac disease,
including those with final clinical diagnoses of
dilated cardiomyopathy in two cases, supra-
ventricular tachyarrhythmia in two cases, and one
case each of right atrial enlargement, pericardial
effusion, arrhythmogenic right ventricular car-
diomyopathy, and a presumed chemodectoma. Of
the 10 cases with non-cardiac underlying disease,
four had abdominal disease (gastric dilatation-
volvulus [GDV] and mesenteric volvulus, splenic
mass, splenic infarct, septic peritonitis), two had
blunt trauma, and two were anemic. One case was
hypothyroid and one case had chronic kidney dis-
ease and protein-losing nephropathy. Of the 17
cases, five patients were treated during CPA.

The five dogs receiving Nexterone during CPA
were all treated with Nexterone during ven-
tricular fibrillation and were unable to be resus-
citated. Owing to the lack of data and inability to
evaluate for adverse effects in these five dogs,
they were not included in the overall statistical
analysis. In the other 12 dogs receiving Nexterone
in this study, nine of them survived to discharge,
with the other three being euthanized because of
the actual or perceived poor prognosis of the
underlying disease process, determined to be
acute renal failure, acute respiratory distress
syndrome and splenic vein thrombosis in those
patients.

In the patients receiving Nexterone for an
arrhythmia unrelated to cardiac arrest, the most
frequently encountered rhythm diagnosis was
ventricular tachycardia (9 of 12), followed by
supraventricular tachycardia (2 of 12) and atrial
flutter (1 of 12). Successful conversion to sinus
rhythm was achieved in 9 of 12 of these cases
(seven with ventricular tachycardia, one with
supraventricular tachycardia and one with atrial
flutter). Overall, 9 of 12 (75%) of the non-arrest
cases survived to discharge. Three patients were
transitioned to oral amiodarone for continued out-
of-hospital treatment.

The most commonly used dosing protocol in our
hospital, which was administered in 10 of 12 of the
non-arrest cases, was a 2 mg/kg intravenous bolus
administered over 10 min, followed by a con-
tinuous rate infusion of 0.8 mg/kg/hr for 6 h,
which was then decreased to 0.4 mg/kg/hr for 18 h
(median 9 h, range 0e29 h). In the cases of CPA,
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and in two non-arrest cases, dogs received bolus
doses from 3 mg/kg up to 12 mg/kg, and a range of
continuous rate infusion doses from 0.05 to 18 mg/
kg/hr. A central venous catheter was used for
Nexterone administration in only 3 of 17 cases; all
others received all medications through a periph-
eral intravenous catheter.

In all cases, previous anti-arrhythmic therapy
had failed prior to the start of Nexterone treat-
ment. Most frequently, non-arrest patients were
treated with one or more drugs including lidocaine
(11 of 12) and procainamide (3 of 12). Other anti-
arrhythmic drugs used were diltiazem (2 of 12),
and sotalol (2 of 12). Epinephrine and atropine
were administered in four of five of the CPA cases.
Following Nexterone administration, 10 of 12 of
the non-arrest patients were treated with addi-
tional anti-arrhythmics including sotalol (5 of 12),
lidocaine (3 of 12), or procainamide (1 of 12),
magnesium sulfate (1 of 12). Concurrent cardiac
medications were administered in 5 of 12 cases,
including furosemide (2 of 5), pimobendan (2 of 5),
enalapril (2 of 5), sildenafil (1 of 5) and dobut-
amine (1 of 5).

Patient medical records were inspected for any
documentation of adverse events, specifically
hypotension, anaphylaxis, vomiting, phlebitis and
death. Blood pressure measurements taken prior
to and after the initiation of Nexterone treatment
as well as heart rate before and after treatment
were evaluated for the patients who received
Nexterone in the non-arrest situation. Pre- and
post-heart rate measurements were available for
all 12 dogs and pre- and post-blood pressure
measurements were available for 10 of 12 dogs.
The median pre-treatment heart rate was 160 bpm
(range 120e300 bpm), which was significantly
higher (p ¼ 0.005) than the post-treatment heart
rate (median 120, range 68e172). There was no
significant difference (p ¼ 0.23) between blood
pressure pre- and post-Nexterone administration
(median pre 105 mmHg [range 60e170 mmHg],
median post 115 [range 100e150]). No patients
receiving Nexterone in the non-arrest situation
developed hypotension following Nexterone
administration.

Records were evaluated for a description of or
treatment for signs of anaphylaxis including cuta-
neous signs of redness, itching, urticaria and facial
angioedema, and gastrointestinal signs of vomiting
and diarrhea. Records were also evaluated for any
description of phlebitis including visual intra-
venous catheter inspection, or recorded pain on
injection. No adverse events were noted during or
after Nexterone administration in any of our study
population.

Discussion

The results of this study show that Nexterone is a
safe injectable drug to be used in dogs, as no
evidence of adverse effects during or immediately
after Nexterone administration was found.

A variety of dosing schemes was used in the
patient population reported here, with ranges
from 0.05 mg/kg to 18 mg/kg. The most common
prescription was based on the human dose rec-
ommendations and adjusted to a weight-based
dose, assuming an average human patient size of
75 kg. The manufacturer’s recommendation for
human dosing is as follows: a rapid loading infusion
of 150 mg over 10 min, followed by a slow infusion
of 360 mg over 6 h, and then 540 mg over the
remaining 18 h.a Based on this, dogs commonly
received an initial bolus dose of 2 mg/kg over
10 min, followed by a slow infusion of 0.8 mg/kg/
hr for 6 h, followed by 0.4 mg/kg/hr for the
remainder. Unfortunately, the dose administered
was not recorded in all instances of CPA and
resuscitation, and in the three cases with data
available, they received bolus doses ranging from 3
to 13 mg/kg during resuscitation.

This study was limited by its retrospective
nature. It is possible that subtle side effects such as
erythema and/or pruritus could have been present
but either not witnessed or not recorded. However,
given the lack of objective data to support severe
hypotension or worsening arrhythmias, we believe
our reported instance of zero adverse events to be
accurate. Median blood pressure readings were in
fact higher after treatment with amiodarone, and
median heart rates were similar. The lack of
recorded data in the CPA cases also presented a
challenge. Amiodarone was chosen as a first-line
drug in only one case, which was a traumatic
pneumothorax which developed ventricular fibril-
lation and arrested during the initial triage exami-
nation. None of the CPA cases were successfully
resuscitated; however the direct effect of amio-
darone in these cases could not be determined. We
did not assess the development of long-term or
chronic effects of oral amiodarone administration,
as that was not the purpose of this study.

Conclusions

In this study, no dogs receiving the premixed for-
mulation of injectable Nexterone were found to
have acute adverse side effects. For this reason,
Nexterone appears to be a safe drug choice when
administered as a 2 mg/kg bolus dose over
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10 min followed by an initial CRI dose of 0.8 mg/
kg/hr for 6 h, and 0.5 mg/kg/hr thereafter. Fur-
ther studies are needed to assess the efficacy and
long-term effects of this medication as well as the
ideal dosing protocol for various arrhythmias.
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