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MARC DUBUC, MD; AND PIERRE COUTURE, MD. 

Automated implantable cardioverter defibrillators (ICDs) were introduced in the
early 1980s after a report by Mirowski et al described the first successful defibrillation
with an ICD in humans.1 Since then, multiple randomized clinical trials have proven
the efficacy and superiority of ICD therapy for both the secondary and primary preven-
tion of sudden cardiac death.2-6 Because the clinical indications for these devices are
expanding, more patients with an ICD are likely to undergo surgical or obstetrical pro-
cedures. This issue of Anesthesiology Rounds reviews the history, structure, function,
and clinical indications for ICD technology, including a discussion of anesthetic man-
agement strategies. 

HISTORY

ICDs were originally developed to prevent sudden cardiac death (SCD) in patients who
had already experienced life-threatening ventricular arrhythmias, such as ventricular tachy-
cardia/ventricular fibrillation (VT/VF). The early model generators were large (160-190 cm3)
and heavy (>200 g), necessitating abdominal wall implantation under general anesthesia.
The energy output was low and often nonprogrammable; in addition, the batteries had lim-
ited energy (~150 shocks). A sternotomy or lateral thoracotomy was needed to expose the
heart for electrode placement (epicardial leads).6 Moreover, the first models did not have the
capacity to pace. Now, ICDs are much smaller, multiprogrammable anti-arrhythmia devices
that are capable of treating bradycardia, VT/VF and, in some models, atrial tachycardia. The
new devices can even incorporate biventricular pacing with the objective of treating cardiac
dyssynchrony.

COMPONENTS OF AN ICD SYSTEM

The implanted system consists of an ICD generator, pacing and sensing leads (or elec-
trodes), and ≥1 high energy leads for defibrillation.7

The generator: The size of the new generators is only one-third that of older models.
They can be implanted subcutaneously in the prepectoral region. They have transtelephonic
programmability, improved tachycardia discrimination algorithms, anti-tachycardia and
bradycardia pacing, and biphasic waveform shocks. The ICD generator casing is made of tita-
nium, which serves to protect the circuitry and often acts as an active shocking electrode.
The batteries and capacitors are contained inside the casing.

The most commonly used battery is a lithium silver vanadium oxide cell that contains
~18,000 joules (J) of energy. Each ICD generator uses two 3.2 Volt (V)-batteries, configured in
series, for an initial full voltage of 6.4 V. Some models utilize a third battery for all non-shock
activities in order to prolong the functional life of the device, particularly, when a significant
amount of bradycardia pacing is provided. The measured voltage generally determines the
battery status. Elective replacement is normally at 2.6 V, while a value of 2.2 V indicates that
urgent replacement is needed; however, actual voltage values may vary with the model. 

The capacitors are used to store energy (up to 30-40 J) from the batteries (6.4 V) and
deliver it at a high voltage (up to 750 V) within 10-20 milliseconds (msec), because the bat-
tery itself cannot deliver high enough energy for defibrillation. Aluminium electrolytic
capacitors have been used because of their ability to charge within the prescribed time limi-
tation (20-30 seconds).

Electrodes or leads: The ICD detects ventricular rhythm via sensing electrodes and deliv-
ers therapy to the heart via defibrillation electrodes. Detection is accomplished with bipolar
electrodes that are also used for pacing. These electrodes are usually positioned transve-
nously at the right ventricular apex in the endocardium. They are rarely placed on the epi-
cardium, except in open-heart surgery. In the case of dual-chamber ICDs, the pacemaker has
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an additional sensing and pacing electrode placed in the
right atrium. Defibrillation electrodes previously
required a thoracotomy to implant epicardial patches.
In modern ICDs, the generator casing itself serves as the
shocking electrodes. This system is called an “active
can” and requires the generator to be implanted in the
pectoral region. Current flows from the distal defibrilla-
tion coil electrode, positioned in the right ventricular
apex, to the generator itself. In the case of a double coil
electrode, current flows from the distal coil to a more
proximal coil in the superior vena cava. The advantage
of an “active can” is a reduced defibrillation threshold. 

FUNCTION OF THE ICD

The most important function of an ICD is recogni-
tion of ventricular tachyarrhythmias and providing
treatment (antitachycardia pacing, cardioversion, or
defibrillation) upon recognition. An ICD can prevent
ventricular tachycardia using anti-bradycardia pacing in
specific conditions (eg, the long-QT syndrome).7,8

The detection of ventricular arrhythmia relies on
transmission of the sensed electrical activity to the gen-
erator, via the ventricular electrode. The quality of the
signal is determined during lead placement in the elec-
trophysiology (EPS) laboratory and can be reassessed via
the programmer. The next step involves detection algo-
rithms. The most important determinant of ventricular
arrhythmia detection algorithms is the heart rate or the
interval between each ventricular depolarization. Once
an electrocardiogram (ECG) event is detected and trans-
mitted to the generator, different modalities of therapy
are selected, depending on the arrhythmia detection
zone.
Antiarrhythmia therapy: In order to derive the maxi-
mum efficacy and safety from an ICD, the electrophysi-
ologist has to program appropriate therapies for each
arrhythmia detection zone and establish a hierarchy of
therapies, choosing from anti-tachycardia pacing, car-
dioversion, defibrillation, and anti-bradycardia pacing.
Table 1 outlines an example of the hierarchy of tiered
therapy based on beats per minute (BPM).9

Anti-tachycardia pacing (ATP) is available in all recent
ICDs and is usually the indication for ICD implantation.
The goal of this therapy is to stimulate the ventricle to
work at a faster rate than the frequency of the detected
ventricular rate, thus abolishing the re-entry mechanism
and terminating the arrhythmia. It is effective in termi-
nating sustained ventricular tachycardia in approxi-
mately 90% of cases.10 The disadvantage of ATP therapy
is that the accelerated rate of the ventricle may not be
well-tolerated hemodynamically in some patients.
Low-energy cardioversion protocols are usually pro-
grammed before defibrillation protocols and after ATP
protocols. Compared to defibrillation, cardioversion uses
low-energy shocks – usually 1 to 2 J initially – that reduce
battery consumption and are less painful, although some
patients still complain of significant pain.
Defibrillation can be performed safely in most patients
using 26 to 36 J of energy. Only a small percentage
require a second defibrillation. The minimum energy
needed to defibrillate is called the “defibrillation thresh-
old (DFT),” which is determined in the EPS laboratory.
To determine the DFT, the electrophysiologist first
induces VF, confirms adequate sensing, and delivers an
internal shock. If defibrillation is successful, the same

procedure is repeated every 5 minutes, with decreasing
energy until no defibrillation is occurring. The lowest
energy required to defibrillate is the DFT, with an addi-
tional 10 J added as a safety measure. The DFT depends
on several factors, including the integrity and position of
the ICD system; metabolic factors (eg, hyperkalemia,
severe acidosis or alkalosis, hypercapnia, hypoxia,
myxedema, or severe hyperglycemia can increase thresh-
olds); structural cardiac factors (eg, inflammation,
myocardial infarction [MI]); and drug therapy (eg, 
class Ic anti-arrhythmic agents can increase defibrillation
thresholds).11 An increasing number of centres no longer
use DFT and have replaced this method with the concept
of a 10 J safety margin. Using this technique, a baseline
test of defibrillation at an output at least 10 J less than
the maximum is performed. If successful, the ICD is then
programmed to defibrillate at the maximum level.
Anti-bradycardia pacing has been incorporated into
the most recent ICDs that have the pacemaker function.
Assistance during the post-shock period is also provided
to help hemodynamic recovery. The more recent ICDs
have dual-chamber devices incorporated into them
(DDD/DDDR). The advantage of DDD/DDDR pacing is a
potential hemodynamic improvement by synchronous
auriculo-ventricular (AV) pacing. Dual-chamber sensing
systems can also improve discrimination of atrial tachy-
arrhythmias from ventricular arrhythmias.

INDICATIONS FOR ICD THERAPY

The indications for ICD placement are continuously
evolving and modifications of current recommendations
can be expected in the future. In 2002, the American
College of Cardiology/American Heart Association/
North American Society of Pacing and Electrophysiology
(ACC/AHA/NASPE) published their clinical guidelines.12

Their recommendations are divided into classes depend-
ing on the weight of supporting evidence:
Class I: Conditions for which there is evidence and/or
general agreement that a given procedure or treatment
is beneficial, useful, and effective. 
Class II: Conditions for which there is conflicting
evidence and/or a divergence of opinion about the use-
fulness/efficacy of a procedure or treatment. 

• Class IIa: Weight of evidence/opinion is in favour
of usefulness/efficacy. 

• Class IIb: Usefulness/efficacy is less well-estab-
lished by evidence/opinion, some patients can
benefit from the therapy. 

Class III: Conditions for which there is evidence and/or
general agreement that a procedure/treatment is not
useful/effective and in some cases may be harmful.

TABLE 1: Hierarchy of tiered therapy. 

Brady-
Zone cardia Normal VT FVT VF

Rate <50 50- 150- 170- >200
(BPM) 150 169 199

First Anti- None ATP ATP DF
device bradycardia or LECV 
therapy pacing 

VT = ventricular tachycardia, FVT = fast ventricular tachycardia, 
VF = ventricular fibrillation, ATP = antitachycardia pacing, 
LECV = low energy cardioversion, DF = defibrillation.



LV hypertrophy with wall thickness >30 mm, abnormal
blood pressure on exercise, non-sustained VT, specific
mutations, microvascular obstruction, and LV outflow
obstruction (a less-important factor).
Arrhythmogenic right ventricular dysplasia (ARVD) is
an autosomal dominant disorder with variable pene-
trance of unknown cause. This disorder is characterized
by the patchy replacement of RV myocardium by
fibrous fatty tissue that provides a substrate for re-
entrant ventricular arrhythmias.15 As a result, these
patients are in a high-risk group for ventricular arrhyth-
mias and sudden cardiac death. In patients with drug-
refractory arrhythmias, an ICD provides prophylaxis
against syncope and sudden cardiac death.
Brugada syndrome: On ECG, the findings of right bun-
dle branch block (RBBB) and ST elevation in leads V1-V3
are associated with the Brugada syndrome. When this
finding is associated with symptoms (eg, syncope or 
a family history of sudden death), an ICD is usually
recommended (ACC/AHA class IIb) for these patients.16

The long QT syndrome is a disorder of sodium or potas-
sium channels that can be transmitted in an autosomal
dominant or recessive fashion. An ICD is recommended
in high-risk patients, such as those with a history of
syncope, a familial history of sudden death, QTc >600
ms, T-wave alternans, and the post-partum period. 
Bridge to cardiac transplantation: An ICD is associated
with a decreased risk of sudden death in patients 
with severe symptoms attributable to ventricular
tachyarrhythmias awaiting cardiac transplantation
(ACC/AHA class IIb).
Pediatric patients: Indications in the pediatric popula-
tion are the same as in adults. Important considerations
about physical growth and the psychological well-being
of the child have to be considered.

Various contraindications for ICD therapy are listed
in Table 2 .

IMPLANTATION TECHNIQUE 

The current generation of ICD leads are placed
transvenously, via the subclavian, axillary, or cephalic
vein. Previously, pulse generators were placed in the

SPECIFIC CONDITIONS 

Listed below are common diagnoses that are divided
into the ACC/AHA/NASPE classes for use of ICD therapy.
Cardiac arrest
• Cardiac arrest due to VF (including idiopathic VF) or
VT not due to a transient or reversible cause (ACC/AHA
class I). 
• Cardiac arrest is presumed due to VF when electro-
physiological testing is precluded by other medical
conditions. (ACC/AHA class IIb). 
Sustained ventricular tachycardia (VT)
• Spontaneous sustained VT associated with structural
heart disease (ACC/AHA class I).
• Spontaneous sustained VT in patients without struc-
tural heart disease, not amenable to other treatments
(ACC/AHA class I).
Syncope 
• Syncope of undetermined origin with clinically rele-
vant, hemodynamically significant sustained VT or VF
induced at electrophysiological study when drug ther-
apy is ineffective, not tolerated, or not preferred
(ACC/AHA class I). 
• Recurrent syncope of undetermined origin in the pres-
ence of ventricular dysfunction and inducible ventricu-
lar arrhythmias at electrophysiological study when
other causes of syncope have been excluded (ACC/AHA
class IIb).
• Syncope in patients with advanced structural heart
disease, where thorough invasive and non-invasive
investigations have failed to define a cause (ACC/AHA
class IIb). 
Coronary artery disease (CAD): ICD implantation led
to a reduction in mortality at 4 years in patients with
left ventricular ejection fraction (LVEF) ≤30% at least 1
month post-MI and 3 months post-coronary artery
revascularization surgery (ACC/ AHA class IIa).5,13 Non-
sustained VT in patients with coronary disease, prior
MI, left ventricular (LV) dysfunction, and inducible VF
or sustained VT at EPS study, not suppressible by class I
antiarrhythmic drugs, are classified as ACC/AHA class I,
or without reference to inducibility to ACC/AHA class
IIb. In practical terms, a patient with non-sustained VT
and an ejection fraction (EF) >30%-35% and <40%, is
examined by EPS to determine inducibility. If it is posi-
tive, an ICD is indicated irrespective of the suppressibil-
ity by class I anti-arrhythmic agents. In a patient with
an EF >40%, medical therapy should be optimized and
reversible causes corrected.
Idiopathic dilated cardiomyopathy: The degree of LV
systolic dysfunction is the best “marker” for the risk of
sudden cardiac death. With the results of the Sudden
Cardiac Death-Heart Trial (SCD-HeFT),6 an ICD is now
considered in patients with New York Heart Association
(NYHA) functional class II or III congestive heart failure
who are diagnosed at ≥9 months and with an EF ≤30%. 
Hypertrophic cardiomyopathy is a genetic disorder of
the cardiac sarcomere, which puts the patient at risk of
sudden cardiac death. The major risk factors include
cardiac arrest (ventricular fibrillation), spontaneous sus-
tained ventricular tachycardia, and a familial history of
sudden death (sudden cardiac death in first-degree rela-
tives aged <40 years of age).14 The minor risk factors
include ≥2 unexplained syncope episodes within a year,

TABLE 2: Contraindications for ICD therapy

• Syncope of undetermined cause, patient has no inducible
ventricular tachyarrhythmias and no structural heart disease.

• Incessant VT or VF.
• VF or VT resulting from arrhythmias amenable to surgical

or catheter ablation (eg, atrial arrhythmias associated with
the Wolff-Parkinson White syndrome, RV outflow tract VT,
idiopathic LV tachycardia).

• Ventricular tachyarrhythmias due to a transient or
reversible disorder.

• Significant psychiatric illnesses.
• Terminal illness with projected life expectancy <6 months.
• CAD with LV dysfunction and prolonged QRS duration 

in the absence of spontaneous or inducible sustained or
non-sustained VT in patients undergoing coronary 
bypass surgery.

• NYHA Class IV drug-refractory congestive heart failure in
patients who are not candidates for cardiac transplantation.



abdominal region, but modern devices are small
enough to be implanted in the pectoral region,
either subcutaneously or submuscularly, with a
preference for the left side. With the recent com-
pact models, conscious sedation and deep sedation
during DFT-testing are the preferred methods of
anesthesia. One advantage for avoiding general
anesthesia is that many drugs, that could alter the
defibrillation threshold (eg, halothane, isoflurane,
and fentanyl), are not administered.17

In addition to standard recommended monitor-
ing, invasive arterial blood pressure measurement is
prudent in patients who have very severely
depressed cardiac function. Cerebral saturometry is
useful and increasingly available in specialized car-
diac centres. This is a noninvasive method for mea-
suring cerebral oxygen saturation and its principle
of operation is similar to that of pulse oximetry.18

As a result, cerebral oxygen saturation and hemo-
dynamics can be assessed noninvasively and con-
tinuously (Figure 1).

COMPLICATIONS ASSOCIATED WITH ICDs
Early complications

Perioperative mortality, which was as high as
5% using the thoracotomy method, has fallen to
<1%.13,19 Other perioperative complications include
bleeding from vascular access, hematoma formation
at the subcutaneous site and, if subclavian access is
used, a small risk of pneumothorax. RV perforation
is another rare complication during lead placement.
Cardiac events due to defibrillation during implan-
tation are also possible. Cerebrovascular events may
occur, since repeated induction of VF during DFT-
testing may result in transient cerebral hypoperfu-
sion caused by reduced cardiac output.20

Delayed complications

The infection rate is 1%-3%; the most common
organisms are Gram-positive staphylococci (eg,
Staphylococcus epidermidis and Staphylococcus
aureus).18-21 Lead-related problems are common and
include infection, lead failure, lead fracture, dislo-
cation, and vein thromboses, the latter being the
most dangerous for patients.

Functional complications related to ICDs

• Multiple defibrillator shocks can be seen in the
context of ICD therapies in the presence of ventric-
ular tachyarrhythmias related to electrical storms,
high defibrillation thresholds, lead-related compli-
cations (eg, fracture, dislodgment), or inappropri-
ately low energy shocks. Inappropriate shocks can
also be seen in the presence of an oversensed signal
from either supraventricular rhythms, a separate
pacing system, electromagnetic interference, or
from intracardiac signals.
• Failure to deliver an appropriate therapy for VT
can be caused by a VT rate that is slower than the
detection rate, undersensing of the electrical
activity caused by lead-related complications (eg,
fracture, dislodgment), or battery depletion.

• ICD-induced pro-arrhythmias can occur, especially
with the degeneration or acceleration of VT after
antitachycardia pacing or low-energy cardioversion.
Pro-arrhythmias can also be caused by post-shock
bradycardia, a post-shock increase in pacing thresh-
old resulting in failure to capture, and pacemaker-
induced tachycardia in dual chamber ICDs.
• There are different sources of electromagnetic
fields in every-day living and in hospitals that can
cause ICD malfunction. This can manifest as either
inhibition of pacing, asynchronous pacing, inap-
propriate tachytherapy, or inhibition of tachyther-
apy. Table 3 summarizes the main concerns.
• Magnet behaviour in an ICD depends on the
manufacturer. Previously, ICDs from different com-
panies had different responses to magnet place-
ment. The response of current ICDs tends to be
more simplified. Generally, when a magnet is
placed over the generator, the tachyarrhythmias
and defibrillation therapy are de-activated, and
pacemaker function is not affected.

ANESTHETIC MANAGEMENT

Preoperative evaluation: The general status of the
patient is of primary importance. Underlying car-
diac disease, whether it is CAD, congenital heart
disease, or valvular heart disease, should be evalu-
ated by a thorough medical history and appropriate
physical examination. Associated systemic disease
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(A) A 63-year-old man is scheduled for the insertion of a
pace-defibrillator. During testing, the respiratory rate is
reduced on the capnography signal following the addition of
propofol.
(B) This was associated with a gradual increase in bilateral
brain saturation from a baseline value of 64% and 63% on
the left and the right to 83% and 84% (arrows) When ven-
tricular fibrillation (reduction after vertical line) was induced a
small decrease in brain saturation was observed.
(C) A 33-year-old man showed increased respiratory rate
rapidly despite similar sedation.
(D) When ventricular fibrillation was induced, a decrease in
brain saturation (after vertical line) was observed below base-
line value.
These observations could be explained by the increase in
PCO2 with reduced ventilation. Hypercapnia increases cere-
bral blood flow and could attenuate the obligatory reduction
in brain perfusion during ventricular fibrillation.

FIGURE 1: Brain oximetry (Invos 4100, Somanetic)
during the implantation of a pace-
defibrillator.

A.

C.

B.

D.



should be noted and, if optimization is possible, it
should be done specifically for elective procedures.

For elective procedures, a cardiology consul-
tation should be sought to clarify the initial
indications for ICD implantation, the date of
implantation, whether symptoms have improved
since implantation, and whether complications
related to the device have occurred. Information
should also be sought about the last device interro-
gation, such as battery status, lead performance,
and adequacy of current settings. It is very impor-
tant that instructions about de-activating the
device be provided.28 

For emergency surgery, if a cardiology consult is
not immediately available, the device identification
card should be reviewed, if possible. This card con-
tains valuable information, such as the manufac-
turer’s phone number, the name of the cardiologist,
and the clinic where the device was implanted. 
Preoperative investigations: No special laboratory
test or chest radiographs are needed for the patient
with an ICD. Investigations should be done accord-

ing to the patient’s general status and coexisting
diseases.
Intraoperative management: Although there is no
special monitoring or anesthetic technique
required for the patient with an ICD, basic ECG,
hemoglobin oxygen saturation, and blood pressure
measurement should be continuously monitored.
ICD function should be turned off at all times by
placing a magnet over the generator. This will avoid
the delivery of shocks to the patient when tachy-
arrhythmias (caused by the interference of electro-
magnetic fields, eg, cautery) are sensed. External
defibrillation pads should be placed and ready to
use in case of a tachyarrhythmia.29-31

Postoperative management: Postoperatively, ICD
function must be re-activated by a programming
unit or removal of the magnet, if used. If there are
concerns about major electromagnetic field inter-
ference and/or if external cardioversion or defibril-
lation were used during the procedure, the integrity
and function of the device should be evaluated by
the cardiologist.

ROUNDS
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TABLE 3: Concerns and recommendations regarding ICDs and sources of electromagnetic interference

Device Concerns Recommendations

SOURCES IN DAILY LIFE

Household appliances None None

Cell phones Limited data. Studies show Keep phone >15 cm from ICD.22

no interference. Do not use during ICD programming.

Security systems None if exposure is limited.23 Inform personnel about metal detection.
(airports, shopping centres)

Electrical equipment and tools. Insulation and grounding Wear gloves. Insure adequate grounding.
should be insured.

HOSPITAL SOURCES

Diagnostic radiology (including None. None.
computed tomography [CT] scan)

Laser surgery Probably safe. Deactivation of ICD.

Surgical electrocautery Device malfunction, reset, Deactivation of ICD.
permanent damage to device, Short, intermittent cautery bursts. 
myocardial damage Bipolar electrocautery if possible.

If unipolar electrocautery is used, position 
plate far from device/leads.24

External cardioversion/defibrillation Device malfunction, reset, Position paddles far (>15 cm) from ICD, 
permanent damage to device, and perpendicular to it. Use standard 
myocardial damage resuscitation procedures. Confirm ICD 

function after procedure.

Transcutaneous electrical Direct current interference Contraindicated.
nerve stimulation (TENS)

Electromyography, nerve Direct current interference Contraindicated.
conduction velocity tests.

Radiofrequency (RF) ablation ICD malfunction. Deactivate device. Avoid contact with ICD. 
Confirm function after.

Therapeutic radiation ICD malfunction. Shield device. Consider changing device 
position (eg breast cancer).25

Diathermy ICD damage from heat. Deactivate ICD. Avoid direct contact.

Lithotripsy Mechanical damage. Deactivate ICD.26

Magnetic resonance imaging (MRI) ICD malfunction. MRI malfunction. Contraindicated.27

Direct current (DC ablation) ICD malfunction. Contraindicated.
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SUMMARY

It is apparent that with the appearance of more
sophisticated devices and increasing indications for
ICD implantation, anesthesiologists will have more
frequent contact with patients with ICDs. The assess-
ment and management of these patients require spe-
cial attention and an understanding of the ICD
system, indications, and complications (eg, electro-
magnetic interference [EMI]) in the operating room
setting are essential for safe anesthesia practice. If a
cardiologist is not immediately available, information
drawn from the patient’s device identification card
that carries cardiologist, institution, and manufacturer
information, can be useful.

Dr. Kaprelian is an anesthesiologist at St-Luc Hospital of 
the Centre Hospitalier de l’Université de Montréal (CHUM); 
Dr. Haddad is a cardiologist at the Montreal Heart Institute;
Dr. André Denault is an anesthesiologist at the Montreal
Heart Institute and intensive care specialist at Hôtel-Dieu of
CHUM; Dr. Dubuc is a cardiologist at the Montreal Heart
Institute; Dr. Pierre Couture is an anesthesiologist at the
Montreal Heart Institute.
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