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Review Article

Abstract: Optimal programming of implantable cardioverter defibrillators 
(ICDs) is essential to appropriately treat ventricular tachyarrhythmias and 
to avoid unnecessary and inappropriate shocks. There have been a series of 
large clinical trials evaluating tailored programming of ICDs. We reviewed 
the clinical trials evaluating ICD therapies and detection, and the consensus 
statement on ICD programming. In doing so, we found that prolonged ICD 
detection times, higher rate cutoffs, and antitachycardia pacing (ATP) pro-
gramming decreases inappropriate and painful therapies in a primary preven-
tion population. The use of supraventricular tachyarrhythmia discriminators 
can also decrease inappropriate shocks. Tailored ICD programming using 
the knowledge gained from recent ICD trials can decrease inappropriate and 
unnecessary ICD therapies and decrease mortality.

Key Words: ICD programming, inappropriate shocks, primary prevention 
ICD, reducing ICD shocks
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Implantable cardioverter defibrillators (ICDs) have been shown to 
reduce the risk of sudden cardiac death and improve survival in 

patients at high risk of life-threatening ventricular arrhythmias with 
and without heart failure (HF; primary prevention) and in patients with 
a history of cardiac arrest or life-threatening arrhythmia (secondary 
prevention).1–3 Although the efficacy of ICD therapy has been proven 
in several large randomized studies, patients with ICDs may receive 
unnecessary shocks, which can be associated with proarrhythmia, 
harmful psychological effects, and increased mortality. Unnecessary 
shocks can result from therapy for supraventricular tachyarrhythmia 
(SVT) that is misclassified as ventricular, premature treatment of 
nonsustained ventricular tachycardia (NSVT) that would have self-
terminated, and oversensing of cardiac and noncardiac signals. These 
inappropriate shocks can result in anxiety, depression, a decreased 
quality of life, unnecessary hospitalizations, and increased mortality.4–7

ICD manufacturers have basic settings programmed on their 
devices “out of the box.” Using certain principles in programming 
ICD parameters to minimize unnecessary shocks without compro-
mising efficacy and the time to therapy can decrease morbidity and 
mortality. It is the clinician’s responsibility to use these principles in 
tailoring ICD therapies and detection to improve outcomes.

Inappropriate shocks, as described by therapy for causes 
other than ventricular tachyarrhythmia [ventricular tachycardia/
ventricular fibrillation (VT/VF)], have been reported to occur in up 
to 17% of HF patients.7 There has been considerable concern that 
shock delivery can negatively impact patient survival and contribute 
to pump failure. In the Sudden Cardiac Death in Heart Failure Trial 

(SCD-HeFT) and the Multicenter Automated Defibrillator Implan-
tation trial (MADIT II), inappropriate shocks increased the risk of 
death by more than double. Mortality rates increased after shocks, 
primarily due to progressive HF.2,3 The ALTITUDE registry of 3809 
ICD recipients showed that ICD shock was an independent predictor 
of mortality.8 Poole et al7 evaluated the mortality associated with both 
appropriate and inappropriate shocks in a primary prevention popu-
lation, and found that there was increased mortality in both groups. 
The most common cause of death in both groups was HF.

This review will discuss how programming of antitachycardia 
pacing (ATP) therapy, detection of VT/VF, SVT discriminators, and 
shock therapy can improve morbidity and mortality of ICD recipients.

TACHYCARDIA DETECTION PROGRAMMING
In the past, the approach to ICD detection was to attempt to accu-

rately and quickly detect VT/VF and deliver definitive therapy to ter-
minate the life-threatening arrhythmia as quickly as possible. Devices 
were preprogrammed by the manufacturers to have very short detection 
times. Early devices that were primarily placed for secondary preven-
tion did not store electrograms (EGMs), so there was no documentation 
to develop an appreciation of the number of shocks administered for 
SVT or NSVT. With newer devices over the past 10–15 years, and a 
larger proportion of primary prevention patients, we have begun to see 
the overwhelming number of unnecessary shocks. Large clinical trials 
have reported inappropriate shock rates from 12% to 21%, and nearly 
30% of all shocks delivered have been reported to be inappropriate.7,9–12

The majority of manufacturers have devices that were prepro-
grammed to have very short detection times of 2–5 seconds. Recent 
trials have evaluated the benefits of longer detection duration to avoid 
inappropriate therapy. A longer detection time gives longer episodes 
of nonsustained tachyarrhythmia the opportunity to self-terminate 
before a potentially harmful and unnecessary shock.13–18

TRIALS OF PROLONGED DETECTION AND DELAYED 
THERAPY PROGRAMMING

PREPARE
The first study to show the benefits of prolonged detection 

duration was the cohort controlled Prevention Parameters Evalu-
ation (PREPARE) study.14 This study compared outcomes in a pri-
mary prevention population (n = 700) to a historical ICD cohort 
programmed to “conventional detection delays.” The study popula-
tion had biventricular and nonbiventricular ICDs, and detection rates 
were set to 182 bpm with the duration set for 30–40 intervals. The 
historical cohort had slower rate cutoffs and a shorter detection time 
as was traditionally programmed. Compared with this control cohort, 
PREPARE study patients were less likely to receive a shock (9% vs 
17%, P < 0.01), with no difference in the rate of arrhythmic syncope 
between the 2 groups. Patients enrolled from a variety of centers 
were followed for 1 year. The authors of this study concluded that 
longer detection time could safely reduce shocks and other morbidi-
ties associated with ICD therapy.14

RELEVANT
The Role of Long Detection Window Programming in 

Patients with Left Ventricular Dysfunction (RELEVANT) study was 
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a prospective, controlled, multicenter, nonrandomized trial evaluating 
324 primary prevention nonischemic HF patients with cardiac resyn-
chronization therapy-defibrillator (CRT-D) devices.15 The experimental 
group and control group had the same rate cutoff for fast VT (FVT) of 
330 ms (182 bpm) and VF of 240 ms (250 bpm), but the experimental 
group had longer detection time [number of intervals to detect (NID) 
30/40] compared with the control group (NID 12/16). The experimen-
tal group showed significantly better event-free survival to first therapy 
and the total number of shocks was less in this group. They had sig-
nificantly fewer HF hospitalizations without any increase in syncope or 
death. Most of the episodes in the control group were treated, while in 
the experimental group 66% of VF episodes and 92% of FVT episodes 
self-terminated. There were also significantly less inappropriate detec-
tions in the experimental group (20 vs 242, P < 0.0001).15

MADIT RIT
The Multicenter Automatic Defibrillator Implantation Trial 

to Reduce Inappropriate Therapy trial (MADIT RIT) randomly 
assigned 1500 patients to 1 of 3 programming configurations.16 The 
objective was to evaluate whether a high-rate cutoff or delayed ther-
apy would decrease inappropriate therapies compared with conven-
tional programming with a faster detection and lower rate cutoffs. 
The 3 groups were identified as high-rate therapy (detection ≥ 200 
bpm with a 2.5-second delay to therapy), delayed therapy (60-sec-
ond delay at 170–199 bpm, 12-second delay at 200–249 bpm, and 
2.5-second delay for ≥250 bpm), and conventional therapy (2.5-sec-
ond delay for 170–199 bpm and 1.0-second delay for ≥200 bpm). 
Patients were followed for an average of 1.4 years, and the study 
showed that higher rate therapy zone and delayed time to therapy 
were associated with reductions in first inappropriate therapy (hazard 
ratio 0.21 and 0.24, respectively) and reductions in all-cause mortal-
ity (0.45 and 0.56, respectively) compared with conventional pro-
gramming. Findings were dominated by reductions in ATP. Patients 
in the conventional therapy group had a 29% probability of inap-
propriate therapy at 2.5 years, and the high-rate and delayed-therapy 
groups had rates of 6% during the same follow-up period. There was 
no significant difference in procedure-related adverse events or syn-
cope between the groups. The authors concluded that programming 
of ICD therapies for ventricular tachyarrhythmias should be for ≥200 
bpm or with a prolonged detection duration at ≥170 bpm.

Of note, in the MADIT RIT study the very high rate of inap-
propriate ATP with conventional therapy reflected frequent atrial 
tachyarrhythmias occurring in the 170–199 bpm range with the 
device failing to appropriately discriminate between SVT and VT. 
There was also less frequent appropriate ATP in the high-rate and 
delayed-therapy groups than in the conventional therapy group, 
which suggests that some of the ATP in the conventional therapy 
group was treating NSVT that would have self-terminated and would 
not have needed treatment at all.16

ADVANCE III
The Avoid Delivering Therapies for Nonsustained Arrhyth-

mias in ICD Patients III (ADVANCE III) trial was a randomized, 
single blind trial that enrolled 1902 patients with ischemic and non-
ischemic etiologies receiving primary and secondary prevention 
ICDs.17 The patients were randomized to longer detection at 30 of 40 
intervals and standard detection at 18 of 24 intervals for ventricular 
arrhythmias. The authors were evaluating whether this programming 
difference would have an effect on unnecessary therapies. This study 
had a similar conclusion as the PREPARE trial. When looking at 
ATP and shock therapy, the long detection group had a lower inci-
dent rate ratio 0.63 (95% confidence interval, 0.51–0.78; P < 0.001) 
of shocks. Mortality and arrhythmic syncope rates were not statisti-
cally different. Also of note, a lower incidence of hospitalizations 
was seen in the long detection group. The authors concluded that 

a long detection setting in both primary and secondary prevention 
ICDs with the capability of delivering ATP during capacitor charge 
significantly reduced the rate of ventricular therapies delivered and 
inappropriate shocks compared with standard detection settings. This 
reinforced the findings in PREPARE and MADIT RIT in an even 
larger population of patients. This study also included secondary pre-
vention patients, patients with dual chamber devices and CRT-D, and 
patients with atrial fibrillation, which the prior studies did not.17

PROVIDE
The Programming ICDs in Patients with Primary Preven-

tion Indication to Prolong Time to First Shock (PROVIDE) study18 
was another trial with similar findings of reduced ICD therapies 
and reduced mortality without increasing arrhythmic syncope in a 
primary prevention population with higher detection rates, longer 
detection intervals, empiric ATP, and optimized SVT discriminators. 
Patients (n = 1670) were randomized to experimental and control 
groups and were followed for a mean of 530 days. Time-to-first-
shock and 2-year shock rates were decreased, as well as all-cause 
mortality. Time-to-first-shock was reduced primarily in dual chamber 
and CRT-D devices and not in single chamber devices.18

These trials all differed slightly with their specific program-
ming rate cutoffs and detection times, but with an attempt to evalu-
ate a similar concept (Tables 1 and 2). They primarily evaluated a 
primary prevention population, with only ADVANCE III including 
secondary prevention patients. Also of importance, these trials were 
performed immediately after implant. Therefore, charge times were 
very short and it is unclear how prolongation of charge time with 
battery depletion would affect these findings.19

A meta-analysis by Tan et al20 analyzed the 6 large trials that 
looked at therapy reduction programming and mortality. The com-
bined data evaluated 7687 patients: 77% of the patients were men 
and 56% had a history of ischemic heart disease. Therapy reduction 
programming was found to be associated with a 30% relative reduc-
tion in mortality (95% confidence interval 16–41%; P < 0.001) in 
the combined data. There was no significant difference in the risk 
of syncope between the experimental and conventional program-
ming groups. The meta-analysis included the above 5 trials plus the 
EMPIRIC trial13 and evaluated mostly primary prevention patients, 
with the exception of ADVANCE III.

ANTITACHYCARDIA PACING
It also important to understand some earlier studies that evalu-

ated the efficacy of pacing to terminated VT/VF as a painless therapy. 
The PAINFREE trials21,22 were the earliest trials looking at tailored 
programming of ICD therapies to reduce morbidity and mortality. Pre-
vious studies had demonstrated that ATP could terminate VT < 200 
bpm in a majority of cases with low rates of acceleration. The PAIN-
FREE Rx II trial22 was designed to evaluate the efficacy of ATP in 
terminating faster VT with safety and Quality of Life measures in a 
randomized fashion. ICD recipients (n = 634) were randomized to 
standardized empirical ATP or shock for VT that was between 188 and 
250 bpm with a detection of 18 out of 24 intervals. After 11 months of 
follow-up, ATP was effective in 81% of episodes with similar rates of 
acceleration, episode duration, syncope, and sudden death. Quality of 
life was improved in both arms, but more so in the ATP arm. In their 
analysis, the authors found that with every 5% increase in left ventric-
ular ejection fraction, the odds of successful ATP for FVT was 18% 
higher with a P value of 0.06. This was the first randomized prospec-
tive trial to show that ATP is safe and effective compared with shocks. 
The study showed that ATP terminated 73% of FVT episodes with 
a low risk of acceleration and syncope and no difference in mortal-
ity. Previous to this study, there was great concern that ATP attempts 
could be deleterious in accelerating ventricular tachyarrhythmias. 
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This study showed that ATP therapy can successfully terminate these 
faster VTs without an increase in syncope, duration of episodes, or 
mortality. Painless therapy was shown to be effective and safe, with 
an improvement in Quality of Life. The authors of this study also 
remarked on their longer detection time (18/24) resulting in 34% of 
the episodes terminating with aborted therapy.21

Consensus Statement
A recent document was published by the Heart Rhythm Soci-

ety, European Heart Rhythm Association, and Sociedad Lantino-
americana de Estimulacion Cardiaca y Electrofisiologia on optimal 
ICD programming and testing.19 They divided their recommendations 
into 4 categories, including (1) bradycardia mode and rate, (2) tachy-
cardia detection, (3) tachycardia therapy, and (4) the intraprocedural 
testing of defibrillation efficacy, using the recently updated standard 
by the American College of Cardiology/American Heart Associa-
tion.23,24 The authors specifically state that although they are putting 
forth recommendations, each individual’s programming requires con-
sideration of individual patient factors and continual reassessment of 

needs with in-office and remote interrogations and reprogramming. 
They also state that these recommendations are targeting the adult 
ICD recipient and not the pediatric patient population.

TACHYCARDIA DETECTION AND THERAPY 
PROGRAMMING

The data from the trials discussed above and the consensus state-
ment support the programming of primary and secondary prevention 
ICD patients with tachycardia detection to last at least 6–12 seconds or 
for 30 intervals before delivering therapy to avoid unnecessary episodes. 
The consensus statement also gives the following recommendations. 
The slowest therapy zone should be between 185 and 200 bpm but not 
lower than that unless clinically indicated for a specific patient. SVT-
VT discrimination algorithms should be programmed faster than 200 
bpm and up to 230 bpm to reduce inappropriate therapies. Lead failure 
alerts should be programmed to diagnose lead failure early. More than 1 
tachycardia zone can be useful to deliver tiered therapy/detection or the 
effective use of SVT-VT discriminators in certain zones.19

TABLE 1.  Therapy Programmed in Individual Trials

 Experimental Group Control Group

PREPARE14 VF: 250 bpm; NID 30 of 40 VF-rate not controlled; NID 12 of 16 or 18 of 24
 FVT: 182 bpm; NID 30 of 40; ATPx1 FVT-rate not controlled; 25% had delivery of ATP
 VT-167 bpm; NID 32; monitor only VT-rate not controlled; 29% had delivery of ATP

RELEVANT15 VF-250 bpm; NID 30 of 40 VF-250 bpm; NID 12 of 16
 FVT-182 bpm; NID 30 of 40; ATPx1 FVT-182 bpm; NID 12 of 16; ATPx1
 VT-167 bpm; NID 32; monitor only VT-167 bpm; NID 32; monitor only

MADIT-RIT16 VF-200 bpm; 2.5-s delay; ATPx1 VF-200 bpm; 1-s delay; ATPx1
High-rate group VT-170 bpm; monitor only VT-170 bpm; 2.5-s delay; ATPx1

MADIT-RIT16 VF-250 bpm; 2.5-s delay; ATPx1 VF-200 bpm; 1-s delay; ATPx1
�Delayed detection group FVT-200 bpm; 12-s delay; ATPx1 VT-170 bpm; 2.5-s delay; ATPx1
 VT-170 bpm; 60-s delay; ATPx1  

ADVANCE III17 VF-188 bpm; NID 30 of 40; ATPx1 VF-188 bpm; NID 18 of 24; ATPx1
 VT-150 bpm; NID 32; monitor only VT-170 bpm; NID 32; monitor only

PROVIDE18 VF-250 bpm; NID 12 VF-214 bpm; NID 12
 VT 2–214 bpm; NID 18; ATPx1

VT 1–181 bpm; NID 25; ATPx2
VT 2–181 bpm; NID 12; ATPx
VT 1–150 bpm; NID 12; monitor only

ATP indicates antitachycardia pacing; FVT, fast ventricular tachycardia; VF, ventricular fibrillation; VT, ventricular tachycardia.

TABLE 2.  ICD Programming Trial: Patient Characteristics and Findings

Trial N Mean FU
Mean 
Age

Male 
(%)

BB 
(%)

LVEF 
(%)

CAD 
(%)

Primary 
Prevention 

(%)

Single 
Chamber 

(%)

Atrial 
Arrhythmia 

(%)

Inappropriate 
Therapy 

Reduction Syncope
Mortality 
Reduction

PREPARE14 1391 1 year 66 78 79 26 64 100 24 26 Decreased  Decreased
RELEVANT15 324 6 months 64 76 77 25 0 100 0 16 Decreased   
MADIT-RIT16 1500 1.4 year 63 71 94 26 53 100 0 10 HR 0.21 

(0.13–0.34)*
NS HR 0.45 

(0.24–0.85)*
           HR 0.24 

(0.15–0.40)†
NS HR 0.56 

(0.30–1.02)†
ADVANCE III17 1902 1 year 65 84 81 30 60 75 29 11 IRR = 0.55 

(0.36–0.85)
NS NS

PROVIDE18 1670 1.5 year 64 73 89 27 62 100 60 27 HR 0.44 
(0.3–0.63)

NS HR 0.7 
(0.50–0.98)

*High-rate therapy arm.
†Delayed therapy arm.
BB indicates beta blocker; CAD, coronary artery disease; FU, follow up; HR, hazard ratio; LVEF, left ventricular ejection fraction; NS, non significant.
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DISCRIMINATING SUPRAVENTRICULAR 
TACHYCARDIA FROM VENTRICULAR TACHYCARDIA

One of the greatest challenges in programming ICD detec-
tion is to appropriately include all sustained VT while excluding the 
SVTs. ICD programming relies primarily on rate cutoff as a first cri-
teria, and then there are other programmable features to aid in fur-
ther discrimination. It has been traditionally observed that patients 
with secondary prevention ICDs have slower VTs, and there is more 
overlap between rates of SVT and VT in this population. In primary 
prevention patients, VT rates are higher with less overlap.25 Pro-
gramming these rate cutoffs is a balance between undertreatment of 
slower VTs and inappropriate treatment of faster SVTs. With recent 
evidence that faster rate cutoffs can be equally safe as far as rates 
of syncope and mortality, maximizing specificity may be accept-
able despite allowing some slower VTs to go undetected. In second-
ary prevention patients, rate cutoffs can be tailored to the patient’s 
specific VT rates that have been observed. In primary prevention 
patients, recent evidence supports rate cutoffs as high as 200 bpm. 
The MADIT RIT trial showed that a rate cutoff of up to 200 bpm is 
safe.16 The PROVIDE study, which also looked at primary prevention 
patients, found that the majority of inappropriate shocks occurred at 
rates between 181 and 213 bpm.18 This suggests that there may be 
significant overlap in the rates of SVT and VT in this population, but 
it may not be harmful to treat above a higher rate as slower VTs may 
terminate or accelerate into a faster zone.

There are multiple features available from the different ICD 
manufacturers that aid in discrimination of SVT from VT beyond 
rate cutoffs. In some devices, programming certain zones over others 
(VT vs VF zones) or programming multiple zones will allow for a 
more specific use of SVT discriminators.

Single Chamber Discriminators
Onset

This feature is used primarily to distinguish sinus tachycardia 
from VT. The algorithm looks at the abruptness of the change in rela-
tive risk (RR) intervals with the initiation of VT compared with the 
gradual change that would be observed in sinus tachycardia. This algo-
rithm is applied in slower VT zones and not VF zones, as one would 
not expect to see sinus tachycardia in those higher heart rate ranges. 
This algorithm makes its assessment during initiation and then does 
not reassess. The onset algorithm can misclassify sudden onset SVTs 
and atrial fibrillation as VT, but can also misclassify VT with some 
preceding ectopy as SVT. This algorithm, as well as stability and mor-
phology, can also be used in conjunction with the other discriminators.

Stability
This is an algorithm that differentiates atrial fibrillation from 

VT by looking at beat-to-beat RR intervals and variability versus the 
stability of those intervals. This algorithm, in contrast to the onset algo-
rithm, will continually reassess so that if a VT were to begin irregularly 
and then stabilize, it would reclassify the rhythm as VT. Misclassifica-
tion with this discriminator occurs with atrial fibrillation that is very 
rapidly conducted to the ventricle, rapid SVTs, and irregular VTs.

Morphology
This single chamber discriminator is the only algorithm that 

does not rely on EGM intervals. It is the primary component of most 
single chamber ICD algorithms. It acquires a template during a nor-
mally conducted rhythm and compares the templated EGM to that 
during tachycardia. If the EGM morphology during tachycardia is a 
“match” for the template, it classifies it as SVT. It determines a match 
by comparing the shapes of the EGMs and using a percentage cutoff 
for how similar the morphologies need to be. Each manufacturer has 
its own approach to comparing the tachycardia EGM to the template, 

but each seems to have similar efficacy and failure modes. This algo-
rithm allows the device to reclassify a potentially misclassified irregu-
lar VT or abrupt onset SVT. This algorithm can misclassify SVT with 
rate related aberrancy, or conversely, if the template is taken during 
aberrant conduction, it can misclassify SVT without aberrancy. It can 
also misclassify an arrhythmia when there is a truncated EGM, errors 
in EGM alignment, changes in EGM over time due to lead maturation, 
and EGM distortion due to polarization of the lead after shock deliv-
ery. Morphology discrimination is not applied after an unsuccessful 
shock for this reason, but if a new episode occurs after a completed 
one soon after a shock, misclassification can occur. The acquisition of 
the initial template and updating occur automatically in most ICDs, 
however, in CRT devices, the template must be acquired manually.

Dual Chamber Discriminators
There is significant variability in these discriminators between 

ICD manufacturers, however, they all use algorithms to compare atrial 
and ventricular EGM relationships to improve specificity. They are 
comparing relative timing of atrial EGMs to ventricular EGMs dur-
ing the arrhythmia. Most devices will first compare the frequency of 
atrial EGMs to ventricular EGMs and then apply the above discrimi-
nators. For example, Boston Scientific will apply stability after atrial 
fibrillation is confirmed and St. Jude Medical’s algorithm will apply 
stability only after it is confirmed that the atrial rate is faster than the 
ventricular rate.26 In many dual chamber devices, onset is applied 
only if the atrial rate equals the ventricular rate. The most important 
feature of the dual chamber algorithm takes into account that 80% 
of VTs have a ventricular rate that is greater than the atrial rate. The 
algorithms to distinguish SVT are only applied in the remaining 20% 
of VTs that have an equal or faster atrial rate. This reduces the risk 
of misclassification to fewer than 20% of true VTs.27,28 There has not 
been any overwhelming evidence that dual chamber discriminators 
provide any benefit over single chamber algorithms in reducing inap-
propriate shocks. Clinical trials have reported inconsistent results.29–33 
A meta-analysis by Chen et al34 showed that there was no significant 
difference in mortality or inappropriate therapy rates in dual chamber 
versus single chamber ICDs. The authors of the expert consensus on 
ICD programming state clearly that SVT-VT discriminators are not 
an indication for implantation of dual chamber ICDs, and that even 
when a dual chamber ICD is implanted for other indications, dual 
chamber discriminators should not be programmed on immediately. 
Accurate sensing on the atrial lead is critical for the proper func-
tion of these dual chamber discriminators. They can fail when there 
are atrial lead dislodgements, oversensing of the far field R wave on 
the atrial lead, and undersensing from low amplitude P waves. The 
authors conclude that dual chamber discriminators should only be 
turned on when the atrial lead becomes chronic.19

Supraventricular Tachycardia Limit
Another programmable feature available on some ICDs is the 

SVT limit rate. This is independent from the VT/VF rate on some 
devices, but linked to zone boundaries on others. This rate limit 
defines the rate under which cutoffs will be applied. Above that 
defined cutoff, SVT discriminators are not applied and only heart rate 
is considered for detection and treatment. The authors of the expert 
consensus statement suggest that the SVT limit not exceed 230 bpm 
in adults without specific patient indications to avoid misclassifica-
tion of hemodynamically unstable VT.19

T Wave Oversensing and Programming Options
Another cause of inappropriate therapies is oversensing on the 

ventricular lead. This can be due to lead failure, electromagnetic inter-
ference, and T wave oversensing. T wave oversensing should be noted 
at implant when possible and be avoided by repositioning the lead. In 
cases that are discovered at a later date, there are other tools that can 
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be applied to minimize oversensing. One can reprogram the sensitiv-
ity on the ICD lead and change the sensing bipole. There are specific 
manufacturer algorithms that withhold therapy for a pattern of sensing 
consistent with T wave oversensing.35 This should be used with cau-
tion, as it could result in undersensing VF. All devices provide warning 
alerts for lead failure when it is associated with an abrupt change in 
lead parameters such as impedance readings. There are also algorithms 
to provide alerts when ventricular cycle lengths are nonphysiologically 
short, suggesting oversensing. When signals are sensed on the intracar-
diac EGM and not the shock electrode, there can be alerts, and in some 
cases, withholding of therapy, which again should be used with caution.

BRADYCARDIA RATE AND MODE PROGRAMMING
There is not much scientific evidence to guide pacemaker pro-

gramming in the ICD patient. Most studies evaluating pacing modes 
were performed in a pacemaker population who are distinct from an ICD 
population. However, we do have some evidence that dual chamber pac-
ing has some benefit over single chamber pacing in patients with sinus 
node dysfunction and atrioventricular block. There has been no signifi-
cant difference in mortality shown between the single and dual chamber 
modes. In addition, dual chamber pacing was associated with a lower 
rate of atrial fibrillation and stroke.36 These trials did not show a differ-
ence in HF with the 2 modes. The Dual Chamber and VVI Implantable 
Defibrillator (DAVID) trial in ICD recipients showed poorer outcomes 
with DDDR pacing over VVI pacing. This was likely due to increased 
right ventricular pacing. The follow-up DAVID II trial demonstrated 
that AAI pacing was noninferior to VVI pacing.37 Dual chamber pacing 
reduces the risk of pacemaker syndrome and is associated with better 
exercise performance than VVI pacing. Given the increased cost and 
complications related to dual chamber devices, and with the exception 
of resynchronization therapy, only ICD patients who have a pacing indi-
cation or have developed pacemaker syndrome with VVI pacing should 
be considered for dual chamber pacing modes. In addition, without a 
pacing indication, pacing should generally be avoided if possible. Basic 
pacemaker programming should mimic what would be done for non 
ICD patients, keeping in mind that although we want to minimize right 
ventricular pacing, long nonphysiologic atrioventricular delays with 
AAI/AAIR pacing have been associated with worsening HF and an 
increased risk of atrial fibrillation (AF).19 Individual cases of hypertro-
phic cardiomyopathy and long QT are exceptions and should be evalu-
ated on a case-by-case basis. When programming CRT pacing in the 
HF patient, much attention should be given to producing the highest 
percentage of biventricular pacing. With each 1% increase in CRT after 
90%, there is a significant improvement in HF and death.38

CONCLUSIONS
There is significant evidence that ICD shocks, both neces-

sary and unnecessary, are associated with an increased risk of death. 
Although the majority of these deaths are due to HF, the populations 
studied were on an adequate HF regimen so the shocks may be associ-
ated with worsened HF. There is also evidence that tailored program-
ming can reduce shocks and improve outcomes. This seems to be a 
finding in both ischemic and nonischemic patients, and a primary 
prevention patients and secondary prevention patients. Programming 
ICDs, using the simple framework reviewed here, will potentially 
decrease harmful ICD therapies and reduce mortality safely and effi-
caciously. Optimal programming techniques should be used by all 
physicians implanting and managing ICD patients.
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