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Methods of Administration of
Intravenous Amiodarone in the
Postoperative Setting: A Poll of
Members of the Pediatric and
Congenital Electrophysiology Society
(PACES)
By James C. Perry, MD; Shubhayan Sanatani,
MD, FRCPC

Since investigation of its use in the early
1990’s1,2
intravenous
amiodarone
has
secured a place in therapeutic strategies for
postoperative tachyarrhythmia in patients with
Congenital Heart Disease (CHD). The drug has
proven particularly useful in the management of
postoperative junctional ectopic tachycardia,1-3
is used for other pediatric and adult congenital
heart tachyarrhythmias and, since 2000, has
been incorporated into the Advanced Cardiac
Life Support and American Heart Association
recommended treatment arms for ventricular
tachycardia and fibrillation.4
Published, peer-reviewed studies on the use of
intravenous (IV) amiodarone in pediatrics have
incorporated both bolus and continuous infusion
administration techniques.1-3,5-7 Concerns about
the drug’s safety profile particularly relate to
its vasodilatory effect and negative inotropy,
which can result in mild to severe hypotension,
especially during more rapid bolus push.
Equally concerning, but more difficult to quantify
is the drug’s (and its diluent’s) ability to cause
micro-plasticizing8 when exposure to tubing and

“Practice patterns vary in the
use of IV amiodarone, with half
of reporting centers using only
continuous infusion and half
using either scheduled bolus
doses and/or repeat bolus
doses during infusion.”
other drug containers is prolonged, a high risk
of phlebitis when given through a peripheral
IV site,9 and the fact that the drug vehicle
causes precipitation of a wide variety of other
medications and solutions when co-mingled in
tubing and catheters.
The Pediatric and Congenital Electrophysiology
Society (PACES) has become the representative
body for pediatric and congenital heart
electrophysiologists over the past three decades
and actively participates in the formulation of
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Table 2. Frequency of Use of Repeat Amiodarone Boluses,
Complications and Duration of Use
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Figure 1. Frequency of bolus only IV amiodarone administration (no
infusion).

clinical management consensus documents, multicenter studies,
and training and certification guidelines in the field.10-12 The PACES
membership is uniquely responsive to internal requests for input
on a wide range of topics, allowing a rapid assessment of the state
of the field. The Society therefore provides a reliable platform for
addressing questions in electrophysiologic and related critical care
management issues.

During the continuous infusion phase, how often do you 33
find you need to repeat boluses?

a. Always

2

b. 75-99%

4

c. 50-75%

6

d. 25-50%

11

e. 1-25%

10

f. Never

0

4.

Any complications? (rough estimate of # or %)

a. Phlebitis (0.5-10%, most 5%)

10

b. Precipitate with other in-line solutions (< 5%, couple cases) 3
c. Hypotension (rare 15%, most 5%)
5.

26

Average duration of IV amiodarone continuous infusion?

a. < 24 hours

0

b. 24-36 hours

3

c. 36-48 hours

18

d. > 48 hours

12

Method
An email poll request was sent out to PACES members asking
the following two initial questions related to practice patterns in
the modes of administration of intravenous amiodarone in the
postoperative setting (See Table 1):
1. Do you ever use IV amiodarone to manage postoperative
arrhythmias?
2. When you use IV amiodarone, what is the estimated
frequency of route of administration?
For those who answered Question 2b, reflecting use of an initial
bolus of amiodarone followed by continuous infusion, three followup questions were asked:
3. During the continuous infusion phase, how often do you
repeat a bolus dose to maintain rhythm control?
4. Any complications of continuous infusion seen? (rough
estimate of %).
Table 1.
1.

Do you ever use IV amiodarone to manage postoperative
arrhythmias?

a. Yes

63

b. No

0

2.

When you use IV amiodarone, what is the estimated frequency
of route of administration?

a. OPTION 1: Always by IV bolus technique (e.g. bolus and 5
then administer Q6H)
b. OPTION 2: Always by initial bolus, then continuous infusion 33
c. We use OPTION 1: 75-99% of the time, otherwise OPTION2 9
d. We use OPTION 1: 50-75% of the time

2

e. We use OPTION 1: 25-50% of the time

5

f. We use OPTION 1: 1-25% of the time

7

g. Always by continuous infusion technique ONLY, no bolus 2
at all

5.

Average duration of IV amiodarone continuous infusion at
your institution?

Results
There were 63 rapid (within 48 hours) responses to the request,
indicating institutional use of IV amiodarone (Table 1). Only five
were from the same institution and four of those were used in the
data as they reflected different preferred styles of management
amongst attending staff.
While only five centers (8%) reported exclusive use of a scheduled
bolus method (usually given Q6H), an additional 23 reported using
either bolus only or bolus followed by infusion in varying degrees.
The frequency with which centers used the bolus only method
amongst these 28 centers is represented in Figure 1.
A total of 33 centers (52%) reported using a bolus plus infusion
method only (answer 2b, above). For those 33 responses who
indicated use of an initial bolus followed by continuous infusion
(2b), Table 2 shows the frequency of use of repeat boluses,
complications and duration of use.
In response to follow-up question 3, all 33 responded that they also
used a repeat bolus during the infusion, with varying frequency as
shown in Figure 2.

Discussion
There are wide practice pattern variations across pediatric centers
with regard to the methods of administration of IV amiodarone,
even amongst pediatric electrophysiologists. This rapid study had
an excellent response from 63 centers within 48 hours.
The dosing of amiodarone is predominantly done as boluses, with
or without a background infusion. While a minority of centers (8%)
report using an IV amiodarone bolus method exclusively, nearly
half of all centers (45%) use a bolus method while other times
using a bolus plus continuous infusion method. Additionally, of
all those centers who reported using an initial amiodarone bolus
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3

8

be reduced by continuous infusion and/or by giving bolus doses
over a longer period of time than utilized in the initial amiodarone
investigative studies. This survey has demonstrated the feasibility
of obtaining input from a broad range of centers to inform current
practice in pediatric and congenital electrophysiology.
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James C. Perry MD is Professor of Pediatrics, University of
California San Diego and the Director for the Electrophysiology
and Adult CHD Programs at Rady Children’s Hospital San
Diego. He is a past President of the Pediatric and Congenital
Electrophysiology Society (PACES), and a fellow and diplomate
of the Heart Rhythm Society.
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Figure 2. Frequency of repeat amiodarone bolus administration for
centers using infusion protocol.

followed by continuous infusion as their method of administration,
100% of those centers reported that they give bolus amiodarone
during that continuous infusion. Based on this data, centers are
giving amiodarone boluses, on average, 44% of the time during
continuous infusion. Looking at any use of bolus IV amiodarone in
addition to initial bolus therapies, 61/63 centers (97%) are using
bolus amiodarone on a scheduled or intermittent basis, with or
without continuous background infusion. The pharmacokinetics
of such IV amiodarone practices were recently reported.13 If
one makes the broad assumption of equal frequency of need
for amiodarone between centers, 49.7% of cases will receive IV
amiodarone bolus therapy beyond the initial dose. Infusions were
maintained for 24-48 hours for most patients, with approximately
1/3 extending beyond 48 hours.
Side effects are uncommon in the postoperative setting with
amiodarone. Hypotension during amiodarone bolus remains the
most common encountered side effect. While these are often
critically ill patients, no center reported needing to discontinue
amiodarone as a result. Centers reported in comments to the poll
that slow bolus over 30-60 minutes, calcium administration and
fluid boluses were used to counter low blood pressure. A total
of 13 centers (21%) reported rare to 10% frequency of phlebitis
or precipitate of co-administered medications with continuous
amiodarone infusion.

Conclusions
Practice patterns vary in the method of use of IV amiodarone
for postoperative tachyarrhythmias, with nearly half of reporting
centers using a technique of continuous infusion only and half
using a blend of scheduled bolus doses and/or repeat bolus doses
during infusion. Risk of hypotension is felt to be reduced by giving
bolus doses of amiodarone over 30-60 minutes. Drug efficacy
and side effect profiles are not apparently different amongst the
63 centers, based on this limited polling data. There does not
appear to be a “recommended” method of administration, as both
infusion and bolus techniques appear to have similar efficacy
and side effect profiles. While the risk of plasticizing and phlebitis
may be reduced by bolus technique, the risk of hypotension may
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Why the CHAMP App?
“We had to come up
with a better solution
that would allow these
infants to go home
safely between surgeries,
without placing an
enormous burden on
parents and caregivers.”
–Girish S. Shirali,
MBBS, FACC, FASE,
Co-Director, the Ward
Family Heart Center

DEVELOPING THE FUTURE OF
PEDIATRIC CARDIOLOGY, WHILE
HELPING PATIENTS THRIVE TODAY.
The Ward Family Heart Center at Children’s Mercy Kansas City is transforming pediatric
heart care for decades to come—and we’re doing it now. Our patented HeartCenter ®
database software captures detailed information on every interaction with patients, so
that we can better understand how treatments affect outcomes throughout their lifetime.
This data also helped us create our Cardiac Neurodevelopmental Clinic—one of only
a few in the nation—that screens for and monitors developmental outcomes and other
health issues related to pediatric heart disease, so that we can implement interventions
more quickly and effectively.
Data also fuels our thriving research program, which is progressing care in numerous
areas, including the creation of our Cardiac High Acuity Monitoring Program (CHAMP)
App, a tablet-based application for home monitoring of fragile patients. We are also
developing a tissue-engineered heart valve that will grow with the patient and potentially
eliminate the need for a lifetime of surgeries.
Every day we’re using data and technology to find new ways to improve care for patients
now and in the future.
To learn more about our home monitoring app, visit ChildrensMercy.org/CHAMP.

PICES: Representing Young Congenital
Interventional
Cardiologists
at Leading Worldwide
Medical News, Products
& Information
Conferences
cool the body to reduce tissue damage or interventions to restore the

Complied and Reviewed by Tony Carlson, Senior Editor
By Gareth J. Morgan, MB, BaO, BCh, MRCPCH, MPhil

For Cardiac Arrest, Epinephrine May Do More Harm than Good:

StudyPICES
Questions
Current
InternationalCardiology
Guidelines Early
for
The
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Interventional
Career
Resuscitation
Subgroup)
group represents the interests of interventionists at
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according
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We
startedbrain
in thedamage,
USA, but
spread to
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over
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4 years,
1st, 2014 in the Journal of the American College of Cardiology.
with 25% of our membership now working outside of the US in a
network
that includes the Middle East, Japan, Australia and the
The study offers new data in an ongoing debate over the risks and
Indian
benefitssubcontinent.
of using epinephrine to treat cardiac arrest, an often-fatal
condition in which the heart stops beating. Epinephrine, also known as
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are now
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stimulates the conferences
heart and promotes
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fixed
on theCurrent
group’s international
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flow dates
of blood.
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networking
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Frankfurt
administeringevents
1 milligram
of epinephrine
every and
3-5 CSI
minutes
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in
2015. As well as a hike in our membership, last year produced
resuscitation.
three memorable interventional meetings for PICES.
"The role of epinephrine is more and more questionable in cardiac
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Gordon,
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lead author
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MD,conference
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Parisian Cardiovascular
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for research
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leadership
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as well as
acting as a network and educational resource.
She added that this study underscores the need for caution when

flow of blood through blocked arteries.

The patients who had not received epinephrine typically had other
characteristics that improved their outlook. For example, patients in
this group were generally younger and more likely to have been near a
witness when they collapsed. However, the research team employed a
variety of robust statistical methods to account for these differences.
Dumas said the results do not necessarily indicate an immediate need
to change the guidelines, however. "It's very difficult, because
epinephrine at a low dose seems to have a good impact in the first few
minutes, but appears more harmful if used later," said Dumas. "It would
be dangerous to completely incriminate this drug, because it may well
be helpful for certain patients under certain circumstances. This is one
more study that points strongly to the need to study epinephrine further
in animals and in randomized trials."
Prof. Neil Wilson addresses the PICES breakout session at CSI in
In addition
to further
Frankfurt
June
2015. research on epinephrine, Dumas said the study
reinforces the need to continue investigating other drugs and drug
combinations that might offer safer alternatives to epinephrine during
cardiac arrest.
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Dumas and colleagues analyzed hospital records for more than 1,500
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primary treatments.

PICES continued its links with the PICS conference with another
lively
andinformation,
progressive
set
of fixtures at this year’s meeting in
For more
visit
cardiosource.org/ACC.
Chicago. We had terrific turnout to our programmed sessions and
were again well represented with poster presentations.
Speedy Heart Transplant for Kids Better than Waiting for Perfect
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if they
havespeaker
antibodies
thewho
newgave
heartus--athan
children
Our
invited
wasthat
Dr. may
Larryattack
Latson,
wonderful
who wait for
a donor
to which
they do notto
have
antibodies
according
overview
of his
personal
development
become
a world
leaderto
the candid
American
Association's
inresearch
our field,presented
including at
some
andHeart
practical
advice on Scientific
career
Sessions 2014.

planning and politics.
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18th Annual Update on Pediatric and Congenital Cardiovascular Disease
Resources for Professionals Hyatt Regency Scottsdale Resort & Spa at Gainey Ranch, Scottsdale, AZ
February 11-15, 2015
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Medical News, Products & Information
Complied and Reviewed by Tony Carlson, Senior Editor

MEDTRONIC Receives Pre-Market Approval (PMA) for
Melody TPV from the United States Food and Drug
Administration (FDA)
Transcatheter Pulmonary Valve (TPV) received Pre-Market
Approval (PMA) from the United States Food and Drug
Administration (FDA) based on strong clinical evidence from three
clinical studies demonstrating the valve’s effectiveness in delaying
open-heart reoperation.
The first transcatheter heart valve available anywhere in the
world, the Melody TPV was originally approved in 2010 under a
Humanitarian Device Exemption (HDE), a regulatory approval for
treatments intended for fewer than 4,000 U.S. patients per year.
HDEs are granted for medical devices that have demonstrated
reasonable safety and probable benefit, but do not have evidence
of clinical effectiveness. PMA approval has been issued based on
the robust evidence now available that supports both safety and
effectiveness of the Melody TPV.
Melody TPV is a minimally invasive therapy shown to effectively
prolong the time between open-heart surgeries for patients with
a dysfunctional Right Ventricular Outflow Tract (RVOT) conduit
caused by Congenital Heart Disease (CHD). More than 7,300
patients worldwide have received the therapy to date, more than
half of whom are children with CHD.
“The Melody valve has been a reliable option for patients suffering
from CHD, and these data reinforce its strong performance since

it was first introduced,” said William E. Hellenbrand, MD, Chief
of Pediatric Cardiology at the Yale School of Medicine. “This
approval underscores the valve’s importance in treating this small
patient population, who over their lifetime will face several openheart surgeries.”
The PMA approval is based on accumulated data from three
clinical studies that followed a total of 310 patients implanted with
Melody TPV - the Melody U.S. IDE Study, the Melody U.S. Post
Approval Study (PAS) and the Melody European and Canadian
Post-Market Surveillance Study (PMSS). Data showed strong
valve performance in all three studies in patients implanted with
the Melody valve as approximately 98% of patients were free
from conduit reoperation (open-heart surgery) at one year postimplant. Additionally, 91% of patients in the IDE cohort were free
from conduit reoperation at five years post-implant.
“The transition from HDE to PMA is an important regulatory
milestone, which truly emphasizes the significant clinical benefit
that the Melody TPV can bring to people with CHD by providing
a therapy option that may reduce the number of open heart
surgeries they need throughout their lifetime,” said Rhonda Robb,
VP and General Manager of Heart Valve Therapies at Medtronic.
“Today’s approval reinforces Medtronic’s ongoing commitment to
a congenital heart disease program by providing innovative and
successful therapies to this underserved patient group.”
CHD is the most common birth defect in the United States; it affects
an estimated 40,000 U.S. babies each year.1,2,3 Approximately 20
percent of those infants have deformities that disrupt the blood
flow from their RVOT to the pulmonary arteries.4 A subset of these

PICS-AICS
AP 2015
Pediatric and Adult Interventional
Cardiac Symposium, Asia Pacific
April 1-4, 2015, Taipei, Taiwan
http://www.picsymposium-ap.org/
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In collaboration with leading clinicians,
researchers and scientists worldwide,
Medtronic offers the broadest range of
innovative medical technology for the
interventional and surgical treatment
of cardiovascular disease and cardiac
arrhythmias. The company strives to
offer products and services that deliver
clinical and economic value to healthcare
consumers and providers around the world.
____
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Materialise’s HeartPrint® Now Listed as
a Class 1 Medical Device
Materialise NV, a leading provider
of additive manufacturing software
and of sophisticated 3D printing
solutions in the medical and industrial
markets, has listed its 3D-printed
cardiovascular HeartPrint® models as a
medical device in the USA and EU markets.
After years of 3D printing anatomical
models for educational and research
purposes, the company addressed the
need for models that can assist with
diagnosing, planning and practicing
complex cardiovascular procedures. This
move strengthens the company’s unique
position in the market and is a natural
extension of its Mimics® Innovation Suite
of software for medical image processing
which has an existing 510(k) clearance
and CE mark.

children will receive a connecting conduit
early in life to improve that blood flow. If
a patient’s RVOT conduit fails later in life,
but is still of adequate size to address the
patient’s needs (i.e., the patient has not
outgrown the conduit), then a Melody TPV
may be implanted to help delay a surgical
pulmonic valve replacement, which is
a much more invasive procedure than
transcatheter valve replacement.
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A recent example of Materialise’s 3D
printed HeartPrint services was evident
when surgeons at New York-Presbyterian/
Morgan Stanley Children’s Hospital used
the model to plan a surgery to repair the
newborn’s congenital heart disease.
By listing HeartPrint as a Class 1 medical
device, the company is able to add
HeartPrint models to their offering for
pre-operative planning. The 3D-printed,
patient-specific cardiovascular models
are created from medical image data to

provide cardiologists and surgeons with
supplemental information to determine the
best treatment for each unique patient.
“Where I think clinically 3D printing will take
us is to the next generation of imaging.
As we’ve seen in the history of medicine,
the better and better our imaging, the
more precise we are to pre-operatively
be able to say what operation we’re
going to do.” David Morales, MD, Chief
of Cardiovascular Surgery for the Heart
Institute at Cincinnati Children’s Hospital
Medical Center.
Nearly every week, the added-value of
3D printed solutions in the medical arena
makes headlines. A recent story covered
a 1-week-old baby who was born with a
complex form of Congenital Heart Disease
in which both the aorta and pulmonary
arteries arise from the right ventricle as
well as a large hole in the heart called a
Ventricular Septal Defect (VSD). Only one
day after he was born, an extremely low
dose chest CT scan was acquired and data
was sent to Todd Pietila, Cardiovascular
Business Development Manager at
Materialise, who created a digital 3D
model of the baby’s heart using Mimics®
and then 3D-printed a replica where even
the smallest details were visible. With the
walnut-size model in hand, the team of
clinicians at the NewYork-Presbyterian/
Morgan Stanley Children’s Hospital were
able to find a solution for repairing all
of the baby’s defects in one procedure
rather than the typical series of palliative
operations which can be life threatening.
“After the success of this surgery, it’s hard
to imagine entering an operating room for
another complex case without the aid of a
3D printed model. It’s definitely going to be
standard of care in the future and we’re
happy to be leading the way.” said Dr.
Emile Bacha, a congenital heart surgeon
and Director of Congenital and Pediatric
Cardiac Surgery at NewYork-Presbyterian/
Morgan Stanley Children’s Hospital.
Regulatory entities have raised concerns
about 3D printing in a clinical environment
as a validated quality system is critical for
ensuring accuracy and safety. Materialise is
the only company who is actively addressing
these issues with their Mimics Innovation
Suite for segmenting the medical image
data and Streamics, which is dedicated to
automating, controlling and tracking the 3D
printing process to ensure traceability and
clinical-level quality standards.
“We’re proud that the Mimics Innovation
Suite is one of the few engineering
packages with the appropriate validation
to be considered a medical device. This
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makes it easier for Materialise and our customers to bring patientspecific, 3D-printed treatments to the market. It’s important for us
to stay ahead of the regulatory requirements.” Koen Engelborghs,
Director of Biomedical Engineering at Materialise, states. “We saw
the advantages for patients when HeartPrint models were used in
a clinical environment and are looking forward to continuing our
collaborations with hospitals to address their 3D printing needs.”
For more information on HeartPrint, visit http://heartprint.
materialise.com.
Ten Percent of Heart Patients May Be Inappropriately
Prescribed Aspirin
More than 10% of patients treated with aspirin therapy for primary
cardiovascular disease prevention were likely inappropriately
prescribed medication, according to a new study in the Journal
of the American College of Cardiology that examined practice
variations in aspirin therapy.
Accessing data from the National Cardiovascular Disease
Registry Practice Innovation and Clinical Excellence (PINNACLE)
Registry, researchers examined a nationwide sample of 68,808
patients receiving aspirin for primary cardiovascular disease
prevention. By evaluating aspirin guidelines by the American
Heart Association, the U.S. Preventative Services Task Force,
and other organizations, researchers determined aspirin use to
be inappropriate in patients with a 10 year cardiovascular disease
risk of less than 6%.
Researchers identified patients from 119 practices who were
prescribed aspirin between January 2008 and June 2013,
excluding patients receiving aspirin as a secondary prevention due
to history of cardiovascular disease such as myocardial infarction,
prior stroke, and atrial fibrillation. The study found nearly 12% of
the patients receiving aspirin for primary prevention were receiving
it inappropriately. The frequency of inappropriate aspirin use was
higher among women, at nearly 17% compared to men at 5%.
Patients inappropriately receiving aspirin were, on average, 16 years
younger than those receiving aspirin appropriately. Inappropriate
aspirin use decreased from 14% in 2008 to 9% in 2013.
In practices with more than 30 patients receiving aspirin for
primary prevention, researchers found a median practice-level
frequency of inappropriate use of 10% and varied significantly
across practices at a range of 0 to 72%. Researchers used median
rate ratio to suggest that between two “identical” patients treated
at two random practices, one patient was 63% more likely to be
prescribed aspirin inappropriately than similar patients due to the
practice where they receive care.
Aspirin therapy is not shown to reduce adverse cardiovascular
events in patients without cardiovascular disease and a low risk of
developing disease. However, it is associated with an increased
risk of gastrointestinal bleeding and hemorrhagic strokes which
often outweighs any potential benefits. The U.S. Food and Drug
Administration (FDA) recently denied a request to allow the
marketing of aspirin for primary prevention; following that decision
the FDA also issued a public advisory against the general use
of aspirin for primary prevention. As aspirin is available over the
counter, it is also possible inappropriate aspirin use is higher if
patients are taking it by their own choosing.
“Medical providers must consider whether the potential for
bleeding outweighing the potential benefits of aspirin therapy in
patients who don’t yet meet the guidelines for prescribing aspirin

therapy,” said the study’s lead and senior author, Ravi S. Hira, MD
and Salim S. Virani, MD, PhD, of the Baylor College of Medicine
in Houston. “Since aspirin is available over the counter, patient
and public education against using aspirin without a medical
provider’s recommendation will also play a key role in avoiding
inappropriate use.”
In an accompanying editorial, Freek W.A. Verheugt, MD, of Onza
Lieve Vrouwe Gasthuis Radboud University Nijmegen Medical
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