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! 
On completion of this lesson, you 
should be able to: 

1. Describe the indications for 
implantation of an automated 
implantable cardioverter-defibrillator 
(AICD).

2. Describe the basic components of an 
AICD and their functions.

3. Explain the potential complications of 
an AICD.

4. Discuss the emergency department 
evaluation of a patient with an AICD 
discharge or complication. 

5. Explain which patients with AICD 
devices should be admitted to the 
hospital.

6. Describe the treatment of AICD-
related complaints.

! 
3.0 Cardiovascular Disorders

 3.4 Disturbances of Cardiac 
Rhythm

Lesson 7

Lisa Freeman Grossheim, MD, FACEP

Heart disease is the primary cause 
of death in the United States, and 
it often presents as cardiac arrest.1 
Sudden cardiac death occurs in 
approximately 400,000 people each 
year in the United States.2 Patients 
with coronary artery disease and 
left ventricular dysfunction are at 
highest risk for sudden cardiac death.3 
Automated implantable cardioverter-
defibrillators (AICDs) were introduced 
in the 1980s in an attempt to improve 
the 5% survival rate from out-of-
hospital cardiac arrest. Approximately 
67,000 AICDs were implanted in 
2004 in the United States, a number 
that has increased by 60% since 
1997.4

During the evolution of therapeutic 
strategies for sudden cardiac death, 
various observational and controlled 
studies suggested that the suppression 
of inducible ventricular arrhythmias 
is more effective than antiarrhythmic 
drugs at restoring cardiac rhythm. 
Therefore, implantable cardioverter-
defibrillator (ICD) therapy has 
emerged as preferred therapy, even 
though there are no absolute benefit 
data.3 The data related to the use of 
AICDs in patients at risk for sudden 
cardiac death are extensive but 
conflicting with regards to benefit.

As AICDs become more 
commonplace, patients will present 
to emergency departments with 
various problems related to these 
devices. This article will discuss some 
of the complications associated with 
AICDs and present diagnostic and 
management strategies.

!
A 55-year-old man presents 

because his defibrillator has shocked 
him three times in the past hour. 
He says his chest had been hurting 
intermittently for 5 days, and he 
is having chest pain currently. He 
indicates that the pain is sternal and 
describes it as sharp; he says that he 
has not been nauseated or short of 
breath. His defibrillator was placed 1 
year ago after a myocardial infarction 
(MI) and stent placement. He has a 
history of hypertension, smoking, and 
alcohol abuse. He has not followed 
up with his cardiologist since 
placement of the defibrillator and is 
noncompliant with his medications.

On examination, vital signs are 
blood pressure 125/78, pulse rate 
110, respiratory rate 22, temperature 
36.7°C (98°F), and pulse oximetry 
98% on room air. Examination reveals 
an anxious but cooperative man 
who has tachycardia but otherwise 
normal heart sounds and clear lungs. 
His defibrillator is palpable in his 
left pectoral region. His ECG reveals 
sinus tachycardia and is otherwise 
unremarkable for arrhythmia, acute 
infarction, or ischemia. There are Q 
waves in the anterior leads. 

While in the emergency 
department, the patient’s defibrillator 
fires twice within a 45-minute period. 
Both episodes were associated with 
ventricular tachycardia (VT). The 
patient did not lose his pulse prior 
to the defibrillation. He continues to 
complain of chest pain. Nitroglycerin 
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and heparin drips are started. The 
on-call cardiologist has not returned 
his pages. Twenty minutes later, the 
patient has an episode of pulseless 
VT. The defibrillator fires again. 

!
A 57-year-old woman with an 

AICD comes to the emergency 
department because her defibrillator 
has shocked her for the first time. 
She denies chest pain, shortness of 
breath, or dizziness now or prior 
to the shock. She has a history of 
diabetes and recent MI and had a 
defibrillator inserted 2 weeks ago. 
Her vital signs are blood pressure 
135/65, pulse rate 75, respiratory 
rate 14, temperature 37.2°C (99°F), 
and pulse oximetry 99% on room 
air. Her defibrillator is palpable in 
her upper chest, but otherwise her 
physical examination is normal. Chest 
radiograph demonstrates no lead 
fracture or malposition of the AICD, 
and her ECG is unremarkable. 

The AICD system comprises a 
pulse generator, a battery, sensing 
electrodes, and defibrillation 
electrodes. The generator is placed 
subcutaneously in the pectoral 
area and houses the batteries, 
high-voltage capacitors, and the 
microprocessors necessary to process 
intrinsic cardiac electrical activity. 
The high voltages necessary for 
defibrillation are generated with the 
aid of high-voltage capacitors that 
are able to generate 700 to 800 volts 
of defibrillation energy in under 20 
seconds and then transfer that energy 
to the battery prior to discharge.5 
The maximal output is 30 J in most 
units and 45 J in higher-energy 
units.6 When the patient’s ventricular 

rate exceeds a programmed 
threshold, assumed to indicate a 
malignant arrhythmia, a shock is 
administered.3 Current devices 
allow for extensive programmability 
for tiered antitachycardia pacing, 
high-voltage therapies, bradycardia 
pacing, supraventricular tachycardia 
discrimination algorithms, and 
detailed diagnostics of tachycardic 
and bradycardic episodes.5,7,8

The first successful implantation 
of an AICD occurred in the late 
1970s.9 The early devices were large, 
required thoracotomy for epicardial 
patch placement, and were implanted 
in the abdomen. The pulse generator 
only lasted 2 years, had almost no 
diagnostic capabilities, and had 
pacing capabilities that were limited 
to backup ventricular pacing. Current 
devices are far more complex and are 
capable of delivering antitachycardia 
pacing, low-energy conversion, and 
high-energy defibrillation therapy. 
They also can store the morphology 
and rates of arrhythmias before, 
during, and after therapy, and they 
have a longevity exceeding 7 years.10

Insertion is minimally invasive and 
no longer requires thoracotomy. The 
defibrillation lead is inserted through 
the subclavian or cephalic vein and 
is usually positioned in the apex of 
the right ventricle. For devices with 
dual-chamber pacing capabilities, an 
atrial lead is also inserted into the 
right atrium. Additionally, a third 
lead may be inserted into a venous 
branch of the coronary sinus to 
allow biventricular pacing or cardiac 
resynchronization therapy. The leads 
are connected to the generator and 
implanted in a pocket in the pectoral 
region5,10 (Figure 1).

Current ICDs deliver energy using 
a biphasic wave form that achieves 
more effective defibrillation than the 
previous monophasic defibrillation 
devices; thus, the use of the biphasic 
waveform has become more standard. 
All AICDs use heart rate as the 
main criterion for tachyarrhythmia 
detection. Pacing therapy can also 
be used instead of shocks. The 
programming of the device depends 
on the patient’s underlying rhythm 
disturbance.10 They are programmed 
with specific algorithms that identify 
and treat specific rhythms.

Initially, ICD implantation was 
only considered in patients who 
had survived a cardiac arrest or an 
episode of sustained VT that was 
refractory to drug therapy. However, 
the results of clinical trials over the 
past decade have established the ICD 
as cornerstone therapy for all patients 
with high risk for sudden cardiac 
death. Indications for placement can 
be primary or secondary.11 Primary 
prevention is an attempt to avoid a 
potentially malignant arrhythmia in 
those patients identified as high risk.12 
Secondary prevention is for patients 
who have already had a ventricular 
arrhythmia and are at great risk 
for further events.13 AICDs are also 
implanted for several other congenital 
or familial cardiac conditions such as 
Brugada syndrome. 

As primary prevention, ICD 
therapy has been shown to reduce 
mortality by 31% in patients with an 
ejection fraction (EF) of 30% or less 
and previous MI, compared to drug 
therapy.14 Most ICDs are implanted 
on primary prevention grounds.10 
However, a recent prospective study 
of almost 900 patients with recent 

What common complications and malfunctions should 
be anticipated in patients with AICDs?
How can an appropriate shock be distinguished from an 
inappropriate shock? 
What evaluation is necessary for patients who present 
with a single shock or who sustain multiple shocks? 

When and how should an AICD be disabled?
Does the presence of an AICD affect cardiopulmonary 
resuscitation and ACLS algorithms?
How does an AICD infection present?

Critical Decisions
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acute MI who underwent AICD 
implantation found that prophylactic 
AICD therapy did not reduce overall 
mortality among patients with acute 
MI who had clinical features that 
placed them at risk for sudden cardiac 
death. Sudden cardiac death was 
reduced, but overall mortality was 
not.15

As secondary prevention, ICD 
therapy has emerged as preferred 
therapy, although data demonstrating 
absolute benefit are lacking. The 
problem that affects all long-term 
strategies for cardiac arrest survivors 
is the lack of a reliable, concurrent 
natural history denominator against 
which to compare the results 
of interventions. This lack is a 
consequence of ethical concerns 
about withholding therapy in a 
placebo-controlled study model for 
patients at high risk of dying.16,17 
Secondary prevention is indicated 
in patients with a history of sudden 
cardiac arrest, ventricular fibrillation 
(VF), hemodynamically unstable VT, 
or unexplained syncope with left 
ventricular dysfunction and inducible 
VT.10

The joint bodies of the American 
College of Cardiology, the American 
Heart Association, and the Heart 
Rhythm Society (ACC/AHA/HRS 
2008 Guidelines)18 recommend 
primary prevention ICD therapy 
(Class I indication) for any of the 
following:

1. Left ventricular ejection 
fraction (LVEF) of 40% or 
less, nonsustained ventricular 
tachycardia (NSVT), previous 
MI, and inducible VF or VT on 
electrophysiology study

2. LVEF 35% or less, New York 
Heart Association (NYHA) 
Class II or Class III, and prior 
MI at least 40 days previously

3. LVEF 35% or less, NYHA Class 
II or Class III, and nonischemic 
dilated cardiomyopathy

4. LVEF 30% or less, NYHA Class 
I, and prior MI at least 40 days 
previously

CRITICAL DECISION
What common complications and 
malfunctions should be anticipated 
in patients with AICDs?

The complications vary depending 
on the time from device placement. 
Table 1 lists some common acute 
and long-term complications. The 
AICD generator may fail at any time. 
AICD failure that results in loss 
of pacing can produce symptoms 
of bradycardia or sudden death 
from ventricular tachyarrhythmias. 
Current ICD generators have alert 
capabilities (audible tone or vibratory 
alert) that can be activated by battery 
depletion or mechanical failure.19 ICD 
generators and leads can fail because 
of design flaws, manufacturing 
problems, implant techniques, 
mechanical stress or aging, and 
fatigue of materials.19

CRITICAL DECISION
How can an appropriate shock be 
distinguished from an inappropriate 
shock?

An appropriate shock occurs 
when the device delivers therapy 
for a programmed arrhythmia. An 
inappropriate shock occurs when 
the device delivers therapy for a 
rhythm that is not programmed, most 
commonly sinus tachycardia or atrial 
fibrillation. Inappropriate shocks are 
the most common adverse events 
observed in AICD patients.20

The incidence of inappropriate ICD 
shocks is approximately 5% per year 
for primary prevention devices and 
20% to 60% per year for secondary 
prevention devices.21-23 Causes 
of inappropriate therapy include 
oversensing sinus tachycardia or 
supraventricular tachycardia (SVT), 
atrial arrhythmias, oversensing of 
extracardiac and intracardiac signals 

Drawing demonstrating the location of the ICD generator in the chest and the 
placement of the right ventricular lead
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(ie, skeletal muscles, diaphragm), lead 
fracture, and electrical storm.13,24

Electrical storm is defined as 
two, three, or more appropriate ICD 
therapies (shocks or overdrive pacing) 
delivered within a 24-hour period. 
Electrical storm occurs in 10% to 20% 
patients. It is often due to recurrent 
monomorphic VT (Table 2). Hundreds 
of shocks can be delivered during a 
storm. Patients who have electrical 
storm can have end-stage cardiac 
failure and are at risk for sudden 
cardiac death. Death during electrical 
storm is uncommon, but there is 
increased mortality in subsequent 
months.27

Electrical storm with multiple 
ICD shocks should be considered 
a medical emergency. The goal 
is to suppress the arrhythmia to 
prevent further shock deliveries. 
The first priority in treatment is to 
disable the device with a magnet. 
Drug therapy is the next step. 
Aggressive antitachycardia pacing or 
radiofrequency ablation can also be 
required.19

Antiarrhythmia medications can 
be required for a resistant malignant 
rhythm when the AICD is functioning 
properly and yet the arrhythmia 
persists. Amiodarone has been 
reported to be effective for treatment 
of potentially lethal arrhythmias in 
patients with implanted devices.28 

Additionally, the administration of 
amiodarone in combination with 
!-blocker therapy has been shown 
to be successful in the management 
of electrical storm.29 Intravenous 
!-blockers are the agents of choice for 
electrical storm in the setting of acute 
ischemia or post-MI.30

An AICD may fail to fire 
appropriately because of high 
defibrillation threshold. High 
defibrillation threshold refers to the 
clinical scenario in which the ICD is 
unable to consistently defibrillate with 
an adequate safety margin.19 In other 
words, the energy level needed to 
successfully defibrillate an undesired 
rhythm is too high to be provided by 
the settings of the device. The causes 
of high defibrillation threshold are 
either patient-related or device-related 
and are noted in Table 3.

CRITICAL DECISION
How should a patient who presents 
with a single shock or sustains 
multiple shocks be evaluated? 

Patients with recently implanted 
AICDs can be anxious and seek 
medical attention even after a single 
discharge.5 Patients presenting 
with multiple ICD discharges 
require immediate attention. 
Multiple discharges are not well 
tolerated physiologically and can 
be emotionally devastating for the 
patient.31 Myocardial injury can occur 
as a result of multiple shocks. It is 
important to determine whether the 
shocks are appropriate for VT or VF. 

Patients generally present because 
their device has discharged. It feels 
like getting kicked or punched in 
the chest. Ask about the number of 
discharges, associated symptoms 
such as chest pain, shortness of 
breath, palpitations, or syncope, and 
systemic symptoms such as fever. 
Occasionally, patients believe that 
their device is discharging when it 
is not. Observation of the patient on 
a cardiac monitor during symptoms 
will clear up any questions, as a 
defibrillation will be unmistakable.

On examination, look for any signs 
of congestive heart failure or shock. 
Inspect the AICD site for erythema or 
edema. Palpate the skin for evidence 
of obvious lead abnormalities. 
Examine the extremities for edema.

Place the patient on continuous 
telemetry and obtain an ECG. AICD 
shock itself can cause transient ECG 
changes, so wait several minutes 
and repeat the ECG to determine 
whether the changes are a result of 
the discharge or indicate an ongoing 
disease process.32

The initial imaging modality 
of choice is the chest radiograph. 
An overpenetrated radiograph will 
demonstrate a radiopaque marker that 

Complications of AICDs19

Generator failure
Hematoma
Hemothorax
Lead dislodgement
Pneumothorax
Vascular perforation

Frequent appropriate shocks
Generator failure
Inappropriate shocks
Mechanical failure
Subclavian vein or superior vena 
cava thrombosis

Causes of electrical storm25,26

Acute cardiac ischemia
Decompensated heart failure
Drug proarrhythmia
Fever with dilated 
cardiomyopathy or Brugada 
syndrome
ICD-induced from left ventricular 
or T-wave pacing
Metabolic disturbances
Thyrotoxicosis

Causes of high defibrillation 
threshold19

Antiarrhythmics – amiodarone
Cocaine/illicit drug use – 
fentanyl, sildenafil

Pneumothorax
Chronic obstructive pulmonary 
disease

Poor lead placement
Shunting current between coils

Electrolyte or acid/base 
disturbance

Hypoxia
Heart failure

Mechanical failure
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identifies the model type. Confirm the 
location of the pulse generator as well 
as the location of the leads (Figure 2). 
Fractures can be seen anywhere along 
the lead, but they are most commonly 
seen near the junction of the first rib 
and the clavicle—a condition referred 
to as “subclavian crush.”5

Patients who have a single AICD 
discharge, with immediate return 
to baseline clinical status and no 
associated symptoms (eg, chest pain, 
shortness of breath, lightheadedness), 
may be discharged with plans to have 
the device interrogated in 1 to 2 days. 

Patients who have frequent or 
clusters of shocks that are either 
appropriate (due to recurrent 
VT) or inappropriate (due to 
atrial fibrillation, SVT, or device 
malfunction) generally require 
emergent evaluation, device 
interrogation, and hospital admission 
to determine the cause; additional 
therapy such as antiarrhythmic 
therapy or catheter ablation can be 
required.13 Patients with symptoms 
concerning for ischemia, potentially 
lethal arrhythmias, or symptomatic 
illness should be admitted for 
observation and interrogation of the 
device.

CRITICAL DECISION
When and how should an AICD be 
disabled?

Placing a magnet over any of the 
currently available AICD models 
will temporarily disable the device 
(Table 4). The magnetic field closes 
a switch in the generator circuit 
that disables the recognition of the 
tachyarrhythmia and subsequent 
firing of the device. Most 
commercially available pacer magnets 
are 7 cm and can be used with most 
implantable devices. Each model has 
a slightly different response to the 
tachyarrhythmia and subsequent 
firing of the device when exposed 
to a magnet. When exposed to a 
magnet, the device may produce a 
variety of continuous or intermittent 
tones, depending on the model type. 
A cardioverter-defibrillator unit must 
be available if an ICD is deactivated.13 

A magnet will not affect the pacing 
function of an AICD. In obese patients 
or those with heavily developed chest 
wall musculature, the magnetic field 
exerted by a single magnet device 
might not be strong enough to affect 
the implanted device. In this case, 
the clinician should try using two 
magnets, one on top of the other.33

Pacer and AICD patients should 
carry an ID card with information 
on the manufacturer, model 
type, lead system, and 24-hour 
emergency phone number to allow 
rapid identification of the model. If 
the patient doesn’t have the card, 
information on the general type, 
polarity, and number of ventricles 
involved with the implanted 

device can be found by viewing an 
overpenetrated chest radiograph.13

If a patient with an AICD presents 
with a ventricular arrhythmia, the 
assumption should be made that the 
device is inoperable, and standard 
advanced cardiac life support (ACLS) 
protocols should be used to stabilize 
the patient.

CRITICAL DECISION
Does the presence of an AICD affect 
cardiopulmonary resuscitation (CPR) 
and ACLS algorithms?

In general, ACLS interventions can 
be performed safely and effectively in 
patients with AICDs. The rescuer may 
notice mild electrical shocks while 
performing CPR; these are harmless 
to the rescuer. Disable the device if 
these shocks impede rescuer CPR 

Single-view anteroposterior chest radiograph demonstrating the usual 
appearance and location of the AICD, including the expected location of the 
leads
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performance or if SVTs are noted 
during resuscitation.13

External cardiac defibrillation can 
be performed safely in pacemaker 
and AICD patients with the standard 
expected efficacy; however, it is 
recommended that external paddles 
or defibrillation pads be placed at 
a location approximately 10 cm 
distant from the pulse generator if 
possible.34 Avoid placing defibrillation 
pads directly over the device. A 
transcutaneous pacer can also be used 
but should be placed 10 cm away as 
well. Placing the external defibrillator 
or transcutaneous pacer pads in an 
anterior-posterior configuration is 
advised because this configuration 
will help circumvent energy shunting 
and shielding.35 Use the biphasic 
mode and the lowest possible 
energy setting for defibrillation or 
cardioversion.34 Have the device 
interrogated expeditiously following 
resuscitation to ensure no damage 
was done by the interventions.

CRITICAL DECISION
How does an AICD infection 
present?

An AICD infection can present as 
pocket cellulitis, erosion or fistula, 

wound dehiscence, abscess, persistent 
bacteremia, or endocarditis.19 The 
infection can involve the skin, the 
generator, the defibrillator pocket, 
or the leads. Fever is an unreliable 
criterion and is reported in less 
than 50% of patients with device 
infections.36 Most symptoms are 
nonspecific; erythema, pain, and 
swelling at the device site are the 
most common signs. The average time 
to device infection from implant is 
approximately 1 year, but infection 
can occur at any time after device 
surgery.36

Tissue culture is most useful 
in identifying the offending agent. 
Approximately two thirds of device 
infections are caused by Staphylococcus 
species. The most common source 
of infection appears to be local 
contamination from the skin at the 
time of implant or generator change.37 
Defibrillator infections should 
never be assumed to be localized, 
as organisms can migrate from the 
leads into the heart. A CT scan of 
the chest can detect localized fluid 
accumulation. Echocardiography has 
been used to confirm the presence 
of vegetations on the leads or coil. 
Treatment often includes device 
extraction followed by parenteral 
antibiotic agents. Vancomycin is 
frequently used as an empiric agent. 

The ability of ICDs to function is 
dependent on their ability to sense 
intrinsic cardiac electrical activity. 
ICDs have protection built in to help 
prevent electromagnetic interference 
(EMI) from affecting device function, 
but exposure to EMI can still result 
in overpacing, ventricular inhibition, 
and spurious ICD discharges and 
device malfunction.5 Common 
sources of EMI include cell phones, 
electronic article surveillance 
(antitheft) devices, and metal 
detectors. Occupational sources of 
EMI include high-voltage power lines, 
electrical transformers, arc welding, 
and electric motors. Interference can 
also be encountered through medical 
equipment and procedures such as 

magnetic resonance imaging, electric 
cautery, spinal cord stimulators, 
transcutaneous electric nerve 
stimulator units, radiofrequency 
catheter ablation, and lithotripsy.38

Patients with ICDs should avoid 
environments with large magnetic 
fields. Direct contact of a cell 
phone with the device should be 
avoided, and use of the phone on the 
contralateral ear is recommended.38

How to inactivate an AICD13

Determine the orientation of the 
device in the pectoral pocket, 
radiographically or by palpation.
Place a ring magnet over the 
upper right-hand corner of the 
device.
A beeping tone will sound, 
which corresponds with the 
sensing of the QRS complexes.
Leave the magnet in place for at 
least 30 seconds.
When the beeping changes to 
a continuous tone, the device is 
inactivated. 
Remove the magnet.

Reactivate by applying the 
magnet for 30 seconds and 
removing it when the steady 
tone changes to intermittent 
beeping.

Patients who receive a single 
shock but who are otherwise 
asymptomatic can usually be 
discharged with cardiology 
followup in 1 to 2 days.
Modern ICDs have the ability 
to act as a pacemaker as 
well as a defibrillator.
For electric storm, the first 
step in treatment is to disable 
the device with a magnet, 
then begin drug therapy.
A cardioverter-defibrillator 
unit must be on hand if 
an AICD is deactivated.
Have a high index of suspicion 
for device infections, even 
in the absence of fever.

Assuming that patients with 
an AICD do not need external 
defibrillation; a patient could 
have symptomatic VT that 
is below the threshold for 
initiating automated therapy.
Interpreting an ECG too soon 
after the AICD has fired; 
the shock itself can cause 
transient ECG changes. 
Failing to immediately disable 
the AICD with a magnet and 
institute aggressive therapy in 
patients with electrical storm; 
!-blockers and amiodarone 
are commonly used agents.
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!
In the case of the man who 

presented because of multiple AICD 
discharges, his AICD continued to fire 
repeatedly during the resuscitation. 
An amiodarone bolus was given 15 
minutes into the resuscitation, and 
the defibrillator was deactivated 
with a magnet. Despite multiple 
medications and defibrillations, the 
patient did not regain spontaneous 
circulation and was pronounced dead. 
Autopsy revealed acute occlusion of 
the left anterior descending artery 
with extensive myocardial necrosis.

!
The woman who presented after 

her AICD discharged for the first 
time was observed in the emergency 
department for 2 hours, and no 
AICD firings were noted. On further 
questioning, she remembered that 
she had been vigorously shaking 
out a rug when the shock occurred. 
Her cardiologist interrogated her 
AICD in the emergency department. 
No arrhythmia was detected. It was 
determined that the inappropriate 
defibrillation was caused by 
oversensing of skeletal muscle 
activity; her device was adjusted, and 
she was discharged.

With advances in technology, the 
use of AICDs has become common, 
and patients will often present 
to emergency departments with 
complaints related to their underlying 
disease or their device. Emergency 
department evaluation of AICD 
patients is straightforward, but care 
must be taken not to miss critical 
diagnoses. Emergency physicians 
must be aware of the basic functions 
of the device, as well as what to do 
when the device fires.
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