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Implantable cardioverter-defibrillator (ICD) and cardiac 
resynchronization therapy (CRT) have become mainstays of 

clinical cardiology practice for high-risk patients supported by 
persuasive clinical trial data. Yet, areas of certainty are offset by 
considerable uncertainty about the criteria for implantation and 
for reimbursement. This article reviews selected elements of 
the clinical trial data and reconciles, when possible, guideline 
recommendations with the Center for Medicare & Medicaid 
Services (CMS) national coverage determination (NCD).

The Basis for Guidelines Recommendations 
and CMS Reimbursement Criteria

Medical practice guidelines represent the cumulative effort 
of patients, clinicians, scientists, and statisticians striving to 
guide patient care on the basis of the best clinical trial sci-
ence available.1–6 Expert consensus dates back centuries, but 
the modern era of clinical guidelines is founded on the con-
cept of evidence-based medicine, introduced in the 1980s. 
Having its origin in the discipline of clinical epidemiology 
and public health, evidence-based medicine incorporates both 
best science and best clinical practice. The most commonly 
used definition by Sackett et al7 states, “Evidence-based 
medicine is the conscientious, explicit and judicious use of 
current best evidence in making decisions about the care of 
individual patients.” Guidelines rank the strength of evidence 
by class: Class I represents the highest recommendation, Class 
II requires further physician consideration, and Class III dis-
courages the use of the therapy considered. A complemen-
tary grading system considers the relative benefit versus risk 
as a statement of certainty of treatment effect from A, indi-
cating strongest certainty, to C, indicating lowest certainty.8 
Guidelines provide the practicing physician an exhaustive 
summary of the available literature, including areas of con-
flict and differences in study protocols and patient cohorts. 
Without such guidelines, physician and hospital performance 
metrics would be adrift, and payers would have no objective 
footprint to assess reasonable standards of care.

Although medical practice guidelines are an important tool 
for physicians faced with clinical decision making, interpret-
ing them overly rigidly can be problematic. Patients may 
simply not fit within the guidelines, or they fit but comorbid 
risk and patient preferences weigh against a specific therapy. 
In all situations, physicians must rely on available scientific 

evidence and their best efforts to provide therapy more likely 
to benefit than to harm. Physicians must also be concerned 
with whether therapy will be reimbursed. This is uniquely 
important when caring for Medicare beneficiaries. CMS pro-
vides an NCD that states whether payment for an item or 
service will be made.9 Medicare coverage is limited to those 
items and services within the scope of a Medicare benefit 
category that are considered “reasonable and necessary.” In 
the absence of an NCD, an item or service is covered at the 
discretion of the Medicare contractors on the basis of a local 
coverage determination. A variety of external stakeholders 
such as medical professional organizations and manufacturers 
can request an NCD. The process for arriving at an NCD also 
considers the scientific evidence to determine specific crite-
ria for payment. These criteria do not necessarily agree with 
guideline recommendations, are generally more restrictive, 
and are not updated as frequently in response to new clinical 
trial data. Faced with conflicts between guidelines and payers, 
physicians ultimately must rely on their best judgment. As the 
guidelines themselves state, “The ultimate judgment regard-
ing care of a particular patient must be made by the health care 
provider and the patient in light of all of the circumstances 
presented by that patient. There are circumstances in which 
deviations from these guidelines are appropriate.”2

Clinical Considerations for ICD Therapy
Secondary Prevention ICD Therapy
The guideline recommendations for implanting ICDs in 
patients with hemodynamically significant ventricular 
tachycardia (VT) or survival from cardiac arrest were estab-
lished nearly 2 decades ago after the results of the National 
Institutes of Health funded Amiodarone Versus Implantable 
Defibrillator study (AVID).10 AVID was a large, multicenter 
trial that enrolled cardiac arrest survivors, patients with 
syncopal VT, and patients with symptomatic VT with left 
ventricular ejection fraction (LVEF) ≤40%. A significant 
reduction was seen in all-cause mortality for patients treated 
with an ICD compared with patients treated with an antiar-
rhythmic drug, predominantly amiodarone.10 These results 
were supported by 2 other randomized trials, the Canadian 
Implantable Defibrillator Study (CIDS) and the Cardiac Arrest 
Study Hamburg (CASH). Neither study reached statistical 
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significance, but both demonstrated a strong trend toward 
mortality reduction with the ICD.11,12 The American College 
of Cardiology/American Heart Association (ACC/AHA) 
guidelines support a Class I recommendation for patients 
meeting enrollment criteria for AVID and for whom reversible 
causes have been excluded (Level of Evidence: A).1–3

Several observations from these trials are useful to con-
sider. First, given the era in which these trials were conducted, 
there was a low use of what is now considered appropriate 
 guideline-based medical therapy for coronary disease and 
heart failure. A criticism of AVID at the time was that the use 
of β-blocker therapy was unbalanced, with 44% use in the 
ICD arm and 20% use in the antiarrhythmic drug arm, raising 
the possibility that survival in the ICD patients was improved, 
at least in part, by the use of β-blockers.10

In addition, not all patients enrolled benefitted to the same 
degree from ICD therapy. In a meta-analysis of AVID, CIDS, 
and CASH, the ICD benefit was limited to those with LVEF 
≤35%.13 Parenthetically, these data are largely responsible for 
use of a moderately low LVEF as an enrollment criterion in the 
later primary prevention ICD trials. The paradox, however, is 
that most out-of-hospital cardiac arrest survivors have higher 
LVEFs (>40%).14 Appropriate treatment of underlying coro-
nary artery disease (CAD) identified in the majority of cardiac 
arrest survivors may well be the primary risk-reducing strat-
egy. Often, the evaluation of a cardiac arrest survivor suggests 
a clear ischemic trigger but without infarction. Clinicians may 
question the benefit of an ICD in this scenario. The most rec-
ognized data addressing this situation come from the AVID 
Registry study. Patients who did not meet AVID enrollment 
criteria were entered into a registry, and their long-term out-
come was reported separately.15 The mortality of patients with 
“reversible” causes of VT or ventricular fibrillation (mostly 
ischemic) was compared with the outcomes of 2013 patients 
with ventricular fibrillation or VT screened out of the trial for 
reasons other than reversible causes. Mortality in both groups 
was similar and poor, questioning attributing arrhythmic risk 
to reversible triggers, especially ischemia. Advice from the 
2008 ACC/AHA/Heart Rhythm Society (HRS) guidelines 
for device-based therapy of cardiac rhythm abnormalities 
addresses the situation this way: 

Some individuals are resuscitated from cardiac arrest 
due to possible transient reversible causes. In such 
patients, myocardial revascularization may be per-
formed when appropriate to reduce the risk of recur-
rent sudden death, with individualized decisions made 
with regard to the need for ICD therapy. Myocardial 
revascularization may be sufficient therapy in patients 
surviving ventricular fibrillation in association with 
myocardial ischemia when ventricular function is nor-
mal and there is no history of [a myocardial infarction].3

A final observation is that both AVID and CIDS were active 
control arm studies: ICD versus antiarrhythmic drug therapy 
(predominantly amiodarone). The use of a nonactive control 
(no specific antiarrhythmic therapy) was considered unethical 
at the time these trials were conducted. It is therefore unknown 
what impact this trial design may have had on the primary 
outcome. Results from the Sudden Cardiac Death in Heart 

Failure Trial (SCD-HeFT) primary prevention ICD trial later 
demonstrated no benefit of amiodarone over placebo drug for 
all-cause mortality. However, in New York Heart Association 
(NYHA) class III SCD-HeFT patients, amiodarone was asso-
ciated with an observed increase in all-cause mortality (hazard 
ratio [HR], 1.44).16

Primary Prevention ICD Therapy
In 2002, Moss and colleagues17 published the Multicenter 
Automatic Defibrillator Implantation Trial II (MADIT II) 
study, the first large, randomized trial evaluating the benefit 
of primary prevention ICD therapy. The study enrolled 1232 
patients with a myocardial infarction (MI) at least >30 days 
before enrollment and LVEF ≤30%. After 21 months, ICDs 
reduced all-cause mortality by 31% (HR, 0.69; P=0.016). 
Accordingly, the revised ACC/AHA/North American Society 
for Pacing and Electrophysiology 2002 guideline update for 
implantation of cardiac pacemakers and antiarrhythmia devices 
assigned a Class IIa indication for MADIT II patients (Level 
of Evidence: B).1 The Class IIa recommendation reflected the 
guideline authors’ consideration that further risk stratification 
might refine ICD benefit in specific subpopulations.

CMS responded to the request for expanded ICD reim-
bursement by reviewing the interaction of ICD benefit with 
QRS width. ICD-related survival with QRS ≥120 milliseconds 
showed a nonsignificant higher trend, a conclusion made post 
hoc with subset analysis.18 The Medicare Coverage Advisory 
Committee stated, “Based on these factors, CMS concludes that 
the evidence is not currently adequate to conclude that implant-
able defibrillator therapy is reasonable and necessary for the 
entire population of patients with prior MI and left ventricular 
dysfunction who meet the MADIT II eligibility criteria.”19 Later, 
in 2005 after the SCD-HeFT publication by Bardy and col-
leagues,16 CMS dropped the QRS width restriction on the basis 
of another post hoc analysis that found the ICD benefit in SCD-
HeFT to be similar across multiple QRS width cut points.20,21

The National Institutes of Health funded SCD-HeFT study 
enrolled 2521 patients with ischemic or nonischemic NYHA 
class II or III heart failure and LVEF ≤35%. Patients were 
randomized to amiodarone or placebo drug (double blind) or 
ICD therapy.16 Amiodarone did not decrease all-cause mortal-
ity compared with placebo drug, whereas ICD therapy signifi-
cantly reduced all-cause mortality over a 45.5-month median 
follow-up compared with placebo drug (HR, 0.77; P=0.007). 
The benefit of ICD therapy was similar regardless of ischemic 
(HR, 0.79) or nonischemic (HR, 0.73) heart failure. A differ-
ent situation was observed when NYHA class was considered. 
NYHA class II patients, representing 70% of the SCD-HeFT 
patients enrolled, had a marked mortality reduction with the 
ICD, whereas no apparent benefit of ICD therapy was observed 
for the remaining 30% of NYHA class III patients (NYHA 
class II: HR, 0.54; NYHA class III: HR, 1.16; Figure 1) This 
finding was both surprising and unexpected, prompting ques-
tions about the interpretation of SCD-HeFT for these sicker 
patients. The clinical trialist approach would consider that the 
HR for ICD versus placebo is best applied to the entire patient 
population enrolled. Nonetheless, further scrutiny of this obser-
vation prompted an analysis using the Seattle Heart Failure 
Model (SHFM), which assesses individual risk on the basis of 
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predicted annual mortality and mode of death.22 The SHFM was 
developed and validated in a large population of heart failure 
patients without ICDs and considers a number of routine clini-
cal variables, including NYHA class, LVEF, and medication 
doses, to estimate annual mortality. At an annual predicted mor-
tality of ≈15% to 20%, the likelihood of death from progressive 
heart failure begins to supersede arrhythmic death, so that the 
sicker patients will have reduced mortality benefit from therapy 
directed at rescuing them from sudden arrhythmic death.

In a post hoc analysis of the SCD-HeFT population, a 
modified SHFM was used to assess ICD benefit across 5 risk 
groups.23 The ICD was 88% effective in reducing sudden car-
diac death in the lowest-risk patients whose annual mortality 
was <≈5%, whereas patients in the highest-risk quintile with a 
predicted annual mortality of 19% did not benefit from the ICD 

because the ratios of sudden death and pump failure death were 
similar (Figure 2). Furthermore, when the highest quintile of 
risk was stratified by decile, only those in the highest decile had 
no ICD benefit (placebo 4-year mortality rate, ≈50%). These 
findings suggest that among the patients considered to be in 
NYHA class III at enrollment in SCD-HeFT, a portion were 
at particularly high risk and may have influenced the observed 
lack of ICD benefit among the NYHA class III patients.

The important message from these data is similar to that 
from the MADIT II risk model: Mortality benefit from 
ICD therapy is highest in the lowest- and intermediate-risk 
groups but of little or no benefit in the highest-risk patients.24 
Although event rates are low in low-risk patients, these indi-
viduals have the most to gain from ICD therapy because their 
primary mode of death will be arrhythmic. Given the abysmal 

SCD-HeFT: Mortality by NYHA Class: ICD vs Placebo

Class II Class III

HR 97.5% CI
0.54 0.40, 0.74

HR 97.5% CI
1.16 0.84, 1.61

32%

46%

20%

48%

0

0.1

0.2

0.3

0.4

0.5

0 12 24 36 48 60

M
or

ta
lit

y

Months of follow-up

ICD Therapy
Placebo

0 12 24 36 48 60
Months of follow-up

Figure 1. Sudden Cardiac Death in Heart Failure 
Trial: Kaplan–Meier estimates of death from any 
cause for the prespecified subgroups by New York 
Heart Association class. HR indicates hazard ratio; 
and ICD, implantable cardioverter-defibrillator. 
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Figure 2. Kaplan–Meier mortality at 4 years for the placebo and implantable cardioverter-defibrillator (ICD) groups is shown for Seattle 
Heart Failure Model (SHFM)–estimated quintile of risks and deciles of risk for the highest quintile (quintile risk group 5). The absolute 
reduction in mortality (shown above each quintile with the 5th quintile divided into two parts and noted as the 9th and 10th decile) ranged 
from 6.6% to 14.0% in quintiles 1 through 4. The absolute mortality reduction for the 9th decile was 8.4% and no benefit was noted in 
the 10th decile (-14.2%). The quintile point estimates with 95% confidence intervals (CIs) and P values derived from the SHFM, implant-
able cardioverter defibrillator (ICD), and SHFM -ICD interaction terms in the Cox model using continuous variables are as follows: quintile 
1 (n=497), 0.46 (95% CI, 0.30 -0.70); quintile 2 (n=497), 0.57 (95% CI, 0.43 -0.76); quintile 3 (n=496), 0.63 (95% CI, 0.50 -0.80); quintile 
4 (n=496), 0.70 (95% CI, 0.57 -0.86); and combined deciles for quintile 5 (n=497), 1.00 (95% CI, 0.73 -1.36). Adapted from Levy WC, Lee 
KL, Hellkamp AS, Poole JE, Mozaffarian D, Linker DT, Maggioni AP, Anand I, Poole-Wilson PA, Fishbein DP, Johnson G, Anderson J, 
Mark DB, Bardy GH. Maximizing survival benefit with primary prevention implantable cardioverter-defibrillator therapy in a heart failure 
population. Circulation. 2009;120:835–842.23
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survival from out-of-hospital cardiac arrest when dependent 
on community resuscitative efforts, these patients should be 
strongly considered for an ICD.25

On the basis of the SCD-HeFT results, in 2005, CMS 
expanded reimbursement for primary prevention ICD therapy 
to patients with nonischemic heart failure.21 The ACC/AHA/
European Society of Cardiology 2006 guidelines for manage-
ment of patients with ventricular arrhythmias and prevention 
of sudden cardiac death assigned a Class I recommendation 
for primary prevention ICD therapy to NYHA class II/III 
patients over a range of LVEF (≤30%–40%) with CAD and 
prior MI (Level of Evidence: A) and a Class I recommendation 
(Level of Evidence: B) for patients with nonischemic heart 
failure, NYHA class II/III, and LVEF ≤30% to 35%.2 In the 
later ACC/AHA/HRS 2008 guidelines, the ranges of LVEF 
were simplified to LVEF ≤35% except for NYHA class I CAD 
patients, in whom an LVEF ≤30% is required.3

When considering nonischemic heart failure reimbursement, 
CMS in the 2005 NCD mandated that all Medicare beneficiaries 
be entered into a national database to determine whether ICD 
therapy is reasonable and necessary for Medicare beneficiaries.21 
The National Cardiovascular Database Registry ICD Registry was 
subsequently established. It now enrolls >1 000 000 patients.26

Physicians should recognize that the ICD Registry is a man-
datory condition of CMS payment. The partnership with the 
ACC to develop the data elements of the registry provided an 
opportunity to collect national statistics on ICD implantation. 
Physicians have been encouraged to enroll all ICD patients 
regardless of payer or indication for the ICD. As noted at the 
ICD Registry online site, “To quality-conscious physicians 
like you, the National Cardiovascular Database Registry ICD 
Registry™ is more than the CMS-mandated data repository 
for ICD procedures...the registry [is] a powerful quality bench-
marking tool for any facility involved….”26 While true, the 
practical application and interpretation of data from any reg-
istry of this nature are restricted by the quality of data entered, 
the limitation of data elements adequate to reflect physician 
clinical judgment, the presence or absence of robust quality 
control and oversight, and most important, the recognition that 
outcomes are not compared with patients without an ICD (ie, a 
control group). The type of information gleaned from a regis-
try cannot be equated to the same type of information derived 
from a well-designed randomized, clinical trial.

Understanding the complementary role and limitations of 
the ICD Registry avoids overinterpretation of registry data 
analysis, which can, at its worst, lead to implications about 
physician practice rooted in assumptions and confusion 
between Medicare-driven data elements reflective of payment 
criteria and guideline-based medical practice. The two are not 
necessarily the same. An example of this is evident when con-
sidering primary prevention ICD reimbursement. The CMS 
NCD for primary prevention ICD therapy denies reimburse-
ment to 4 specific patient categories that do not in all cases 
align with the guideline recommendations. These 4 categories 
are discussed in the following sections.

ICD Implantation Within 40 Days of Acute MI
The exclusion of patients from receiving an ICD within 40 
days of MI is the only category of the 4 for which the AHA/

ACC/HRS 2008 guidelines and the 2005 CMS NCD align and 
is based on the results of the Defibrillators in Acute Myocardial 
Infarction Trial (DINAMIT).3,21,27 DINAMIT and the subse-
quent Immediate Risk-Stratification Improves Survival (IRIS) 
trial enrolled patients with reduced LVEF (≤35% and 40%, 
respectively) early after MI with abnormalities of elevated 
heart rate, heart rate variability, or nonsustained VT.27,28 Despite 
significant reductions in arrhythmic death, a parallel increase 
in nonarrhythmic death resulted in no overall benefit. The rea-
son for this outcome is not entirely understood, nor is it clear 
whether certain subgroups would benefit long term by pre-
venting arrhythmic death. The high-risk profile of the patients 
or device-related risks such as inappropriate pacing and ICD 
therapy programming may have influenced the outcome.29,30

There are no CMS exceptions for Medicare beneficiaries 
who may have prequalified for an ICD before a new acute MI. 
For many, their LVEF is unlikely to improve over 40 days. 
Given the high risk of SCD in the first 30 days after acute 
MI, a reasonable option for such patients is a wearable exter-
nal defibrillator with reevaluation of cardiac function after 40 
days.31–33 CMS provides reimbursement for the wearable defi-
brillator across a number of high-risk patient groups.34

Physicians face several additional dilemmas. First, many at-
risk patients early post-MI are not described by the DINAMIT 
or IRIS enrollment populations. Second, decision making is 
constrained by variable and imprecise definitions of MI. For 
instance, troponin elevations are common in patients with 
chronic heart failure.35 Patients with mild ischemia in the set-
ting of decompensated heart failure may have small increases 
in troponin that can be labeled in the medical record as 
non–ST-segment–elevation MI. This is quite a distinct prob-
lem from the type of patients evaluated in DINAMIT and IRIS 
and leads to both confusion over exclusionary recommenda-
tions and inappropriate management in patients who perhaps 
should get an ICD.

Time From Initial Heart Failure Diagnosis
Perhaps the time qualifier that has caused the most confusion 
among physicians is the time from initial heart failure diag-
nosis to date of ICD implantation. This qualification is one of 
CMS reimbursement only and applies only to patients with 
nonischemic heart failure.21 It is not an ACC/AHA/HRS 2008 
guideline recommendation exclusion.3 A review of the under-
pinnings related to this timeline issue is necessary to compre-
hend the discrepancy.

SCD-HeFT enrollment required that patients be at least 3 
months from heart failure diagnosis with the goal of avoid-
ing the inclusion of patients with rapidly reversible causes of 
heart failure such as acute myocarditis. All patients in the trial 
were to be taking what was considered appropriate background 
medications when trial enrollment began in 1997.16 Patients 
were to be treated with at least 4 weeks (not 3 months) of an 
angiotensin-converting enzyme inhibitor or angiotensin recep-
tor blocker.36 The use of β-blocker medications was strongly 
encouraged, but no run-in period was required before enroll-
ment. Moreover, MADIT II enrollment did not specify a time 
from heart failure diagnosis to ICD implantation.17 Thus, nei-
ther of the 2 pivotal studies supporting ICD therapy for pri-
mary prevention required 3 months of background heart failure 
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medical therapy before ICD implantation. Whether patients 
would benefit from ICD therapy early after heart failure diag-
nosis has not been tested in a randomized study and remains 
unanswered. Lack of evidence is not the same as lack of benefit.

The ACC/AHA/HRS 2008 guidelines avoid the use of a time 
from heart failure diagnosis for either ischemic or nonischemic 
dilated cardiomyopathy, stating “…the use of a time qualifier 
relative to the time since diagnosis of a NIDCM [nonischemic 
dilated cardiomyopathy] may not reliably discriminate patients 
at high risk for sudden cardiac death….Physicians should con-
sider the timing of defibrillator implantation carefully.”3

Several clinical questions are relevant. First, determining 
the onset of heart failure symptoms in clinical practice is neb-
ulous. Is it when the first LVEF ≤35% was documented? Is it 
the first symptom of dyspnea? Is it the first hospitalization for 
heart failure? Remarkably, this broadly embraced time quali-
fier actually has no clear definition and no prospective data 
to support its use. The importance of heart failure medical 
therapy cannot be underestimated.37 Many patients, however, 
may not show substantial improvements in LVEF over sev-
eral months, particularly CAD patients with significant scar 
burden. Even if LVEF improves, the magnitude of arrhythmic 
risk over time is unclear.

Several studies are pertinent to these considerations. A com-
munity cohort study by Dunlay and colleagues38 reported 1233 
Olmsted County, Minnesota, patients with reduced LVEF (674 
patients) and preserved LVEF heart failure (559 patients) fol-
lowed up over a mean of 5.1 years from 1984 to 2009. Among 
the patients with reduced LVEF, LVEF increased by only 6.9% 
over 5 years. Increases in LVEF were smaller in men, in older 
patients, and in those with CAD (CAD patients, 0.3% [−2.5%, 
3.1%] versus patients without CAD, 9.4% [7.7%, 11.1%]; 
P=0.02; Figure 3) Thus, anticipated improvements in LVEF over 
time may be modest at best, particularly in patients with CAD.

The Improve HF performance improvement study followed 
3994 patients over 24 months for changes in LVEF after 
adherence to guideline-based medical therapy.39 In 71%, the 
average change in LVEF was modest, <6.0%, including no 
change or worsened LVEF in 39% of patients. Female sex, no 
prior MI, nonischemic heart failure, and absence of digoxin 
use were independent predictors of a >10% improvement in 
LVEF, observed in only 29% of patients.

An unanswered question is the magnitude of the effect of 
LV remodeling on arrhythmic risk in patients presenting with 
an LVEF <35% but with improved LVEF over time. This ques-
tion also pertains to ICD patients who require ICD generator 
replacement for normal battery depletion who have no history 
of ICD therapy for VT or ventricular fibrillation and an LVEF 
that has improved to >35%. The physician may wonder if the 
patient still needs an ICD. Clinical factors such as the type of 
heart failure, extent of recovery, and patient age may all be 
considered. For most patients, especially those with CAD, 
heart failure can be expected to worsen over time. Although 
randomized clinical trials to better answer these questions are 
lacking, it has been shown in the long-term follow-up MADIT 
II and SCD-HeFT studies that patients continue to benefit from 
ICD therapy out to 8 and 11 years respectively.40,41 In addi-
tion, data from an SCD-HeFT substudy showed progressive 
improvement in both LVEF and NYHA class for all surviving 

patients over the 45.5 months of  follow-up (P=0.001), yet ICD 
therapy reduced all-cause mortality.16,42

ICD Implantation Within 90 Days of Coronary 
Artery Bypass Surgery
Another discrepancy between the CMS NCD and the ACC/
AHA/HRS 2008 guidelines is the CMS restriction of time 
from coronary artery bypass graft surgery (CABG) or per-
cutaneous transluminal coronary angioplasty to date of ICD 
implantation. This restriction has, in practice, been applied 
to percutaneous coronary intervention (PCI). In contrast, the 
ACC/AHA/HRS 2008 guidelines do not append such a time 
qualifier for primary prevention ICD implantation recommen-
dations. The evidence for this CMS NCD time qualifier rests 
solely on a single randomized, clinical trial. The CABG Patch 
Trial randomized patients with reduced LVEF and abnormal 
signal-averaged ECG with indications for CABG to receive 
epicardial ICD placement after surgery or no ICD therapy.43 A 
reduction in arrhythmic mortality but not all-cause mortality 
was observed (HR, 1.07; P=0.64). The application of this trial 
to contemporary ICD therapy is limited by the use of epicar-
dial ICDs without pacing and the significant increased mor-
bidity, including that from infectious complications.

Both MADIT II and SCD-HeFT enrolled patients with 
prior CABG or PCI. The enrollment criterion relative to time 
from CABG or PCI was different between the 2 studies, with 
MADIT II requiring 3 months and SCD-HeFT requiring only 
1 month from prior CABG or PCI to enrollment. In a MADIT 
II post hoc analysis, there appeared to be reduced benefit of 
ICD therapy in patients who received an ICD between 3 and 
6 months after CABG/PCI compared with the patients who 
received an ICD ≥6 months after CABG/PCI.44 In contrast, for 
SCD-HeFT patients, ICD benefit was the same regardless of 
the time from CABG/PCI to ICD implantation.45

Figure 3. Change in ejection fraction (EF) for patients with preserved 
(HFpEF) and reduced (HFrEF) EF heart failure. The estimated EFs 
(solid lines) and 95% confidence intervals (dashed lines) for patients 
who initially had heart failure in patients with HFpEF and heart failure 
in patients initially with HFrEF are shown. Reproduced from Dunlay 
SM, Roger VL, Weston SA, Jiang R, Redfield MM. Longitudinal 
changes in ejection fraction in heart failure patients with preserved 
and reduced ejection fraction. Circ Heart Fail. 2012;5:720–726.38
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The CMS NCD time lockout after CABG or PCI notwith-
standing, physicians are often asked to consider high-risk 
 post-CABG patients for ICD therapy. One approach used 
by some electrophysiologists has been to adapt the results 
of an electrophysiology testing strategy trial to such clinical 
situations. The Multicenter Unsustained Tachycardia Trial 
(MUSTT) study evaluated electrophysiology-guided antiar-
rhythmia treatment in 704 patients with prior CABG (56%) 
and prior MI (95%) who had nonsustained VT and LVEF 
≤40%.46 Patients randomized to the  electrophysiology-guided 
therapy arm had a significant reduction in mortality, com-
pletely a result of the 167 patients who received an ICD 
(HR, 0.24; P<0.001).46,47 Therefore, in high-risk patients 
after CABG, one approach would be to consider electro-
physiology testing. If sustained VT were induced, an ICD 
could be implanted without the constraint of waiting 90 days. 
Recommendations for risk stratification using electrophysiol-
ogy testing is found in the ACC/AHA/European Society of 
Cardiology 2006 guidelines, which provide a Class IIa (Level 
of Evidence: B) indication for electrophysiology testing as 
“…reasonable for risk stratification in patients with remote 
MI, nonsustained VT, and LVEF ≤40%.”2

The CMS NCD wording for electrophysiology testing is 
similar: 

CMS determines that the evidence is adequate to 
conclude that an implantable defibrillator is reason-
able and necessary for patients with documented 
sustained ventricular tachyarrhythmia, either spon-
taneous or induced by an electrophysiology study, 
not associated with MI and not due to a transient or 
reversible cause.21 

The specific time from MI required by CMS before an elec-
trophysiology study may be performed is 30 days.

Finally, in terms of PCI, there are no randomized, clinical 
studies examining ICD therapy in low-LVEF patients early 
after PCI. Such patients in clinical practice are heterogeneous, 
with variable symptoms, myocardial viability, and number of 
vessels stented. Using the results of CABG Patch to exclude 
contemporary PCI patients from ICD therapy is poorly sup-
ported. Particularly concerning is the effect of this broadly 
mandated CMS NCD time qualifier when applied to patients 
who met indications for an ICD before PCI but must await 
reevaluation after 90 days. Another clinical scenario affected 
by this time qualifier is the patient who requires permanent 
pacing for bradycardia within 90 days of CABG or PCI and 
meets the indications for an ICD. Such clinical situations are 
examples when physicians should use best judgment, weigh-
ing the risk of later upgrade to an ICD should significant 
remodeling not occur. It is incumbent on physicians to appro-
priately document their decision making in the medical record 
when faced with these and similar clinical dilemmas.

NYHA Class IV Heart Failure
The primary prevention ICD trials excluded NYHA class IV 
patients; therefore, the potential benefit or harm in such patients 
is not defined. However, the Cardiac-Resynchronization 
Therapy With or Without an Implantable Defibrillator in 
Advanced Chronic Heart Failure (COMPANION) trial 

randomized 1520 ambulatory patients with NYHA class III 
(86%) and class IV heart failure (14%), LVEF ≤35%, and QRS 
≥ 120 milliseconds to optimal background heart failure medical 
therapy, CRT, or CRT with an ICD (CRT-D).48 Both CRT and 
CRT-D significantly reduced the combined primary end point 
of time to death or hospitalization for any cause (HR, 0.81; 
P=0.014; and HR, 0.80; P=0.01, respectively). Only CRT-D 
significantly reduced all-cause mortality (P=0.003). A subse-
quent substudy of NYHA class IV patients found that both CRT 
and CRT-D reduced the combined primary end point of time to 
death or hospitalization for any cause, but all-cause mortality 
was not significantly improved by either CRT or CRT-D (CRT, 
P=0.11; CRT-D, P=0.06).49 Thus, the value of ICD therapy 
alone in NYHA class IV heart failure remains uncertain.

CMS has determined that for its beneficiaries there is inad-
equate evidence to support ICD therapy unless combined with 
a CRT for NYHA class IV patients.21 The ACC/AHA/HRS 
2008 guidelines, on the other hand, concluded that nonhos-
pitalized patients with NYHA class IV heart failure who are 
not CRT candidates but are awaiting cardiac transplantation 
can be considered for a primary prevention ICD (Class IIa; 
Level of Evidence: C).3 The dilemma for physicians caring 
for advanced heart failure patients, particularly at cardiac 
transplantation centers, is that many patients fall outside the 
guidelines. Patients may have delayed consideration of trans-
plantation candidacy, be discharged to home on intravenous 
inotropes, and have ventricular arrhythmias after left ven-
tricular assist device therapy, and some are stable ambulatory 
patients in NYHA class IV with narrow QRS. These are not 
the patients included in any of the clinical trials heretofore 
reviewed for ICD therapy alone. Furthermore, relying only 
on NYHA class to select appropriate patients for ICD therapy 
is limited by the difficulty in categorizing the patient with 
advanced heart failure. A patient may vacillate around the sub-
jective line between NYHA class IIIB and class IV, depending 
on any number of perturbations in his or her clinical course. 
Additional classification schemas have been proposed to better 
categorize the advanced heart failure patient, but they provide 
little help to physicians attempting to consider ICD therapy 
for patients broadly considered to be NYHA class IV.50

Patients with advanced heart failure do not have fewer 
arrhythmic deaths but have exponentially greater proportional 
risk of death resulting from progressive heart failure, so the 
overall survival benefit expected from an ICD becomes lim-
ited.22,51–53 For an ICD without CRT to benefit such patients, 
the risk of arrhythmic death must be meaningfully greater 
than the risk of death resulting from pump failure, and the 
patient must have reasonable longevity (>80% survival at 1 
year, >50% survival at 3 years) to justify an ICD unless the 
increased pump failure risk will be obviated by cardiac trans-
plantation or a left ventricular assist device. Although most 
NYHA class IV patients are unlikely to be described by this 
scenario, there are some who might be. Identifying these 
patients has been problematic; however, using a risk model 
such as the SHFM that estimates proportionate mode of death 
can be helpful. This is illustrated in Figure 4, which summa-
rizes data from the original ≈7000 SHFM patient cohort.22 
SHFM scores are rounded to the closest integer from 0 to 4 
and stratified by NYHA class. The percent of patients within 
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each NYHA class who have an SHFM score of 0 or 1 (SHFM 
<1.5 or <16.5% predicted annual mortality, respectively) is 
shown and varies from 97% in NYHA class II patients to 17% 
in NYHA class IV patients. That is, 17% of patients clinically 
considered to be NYHA class IV have a risk profile favorable 
for ICD therapy.

Whereas NYHA functional class is practical to use, it is 
imprecise and may inappropriately tag patients as either eligible 
or ineligible for ICD therapy. The use of risk models that use 
easily identified clinical variables should be considered by phy-
sicians when a patient’s candidacy for ICD therapy is less clear.

Evidence-Based Primary 
Prevention ICD Therapy

The scientific evidence strongly supports primary prevention 
ICD therapy in a broad group of patients with moderate heart 
failure and reduced LVEF. The differences between the guide-
line recommendations and the CMS NCD have often resulted 
in confusion among physicians. These concerns were further 
heightened by the recent Department of Justice civil investiga-
tion of potential fraudulent ICD implantations. Unfortunately, 
physicians were simultaneously barraged with verbiage such as 
evidence based versus non–evidence based, appropriate versus 
inappropriate, and guideline based versus non–guideline based. 
Physician compliance with evidence-based ICD implantation 
was questioned in a study by Al-Khatib et al54 based on the 
National Cardiovascular Database Registry ICD Registry. This 
study postulated that 22.5% of patients who received primary 
prevention ICDs between 2006 and 2009 were implanted out-
side of the evidence. The conclusion was based generally on the 
4 CMS NCD categories detailed in the previous section of this 
article. A confounder was the inclusion of private pay patients 
(≈30% of the cohort), along with Medicare beneficiaries, in the 
analysis. Additionally, the authors included as non–evidence 
based all ICD implants in patients with ischemic heart failure 
within 3 months of initial heart failure diagnosis. As noted ear-
lier, CMS applied this reimbursement time qualifier only to 
nonischemic heart failure patients. A comparison of the author-
defined categories for non–evidence-based ICD implantation 
used in this study, the 2008 guidelines recommendations, and 

the CMS NCD payment criteria is shown in the Table. This 
comparison demonstrates that the number of ICDs implanted 
outside the scientific evidence (as summarized in the ACC/
AHA/HRS 2008 guideline recommendations classification) is 
likely to be significantly lower than what Al-Khatib and col-
leagues54 reported.

Even reliance on the guidelines leaves physicians too often 
wondering whether individual patients align with the guide-
lines recommendations. Recently, the American College of 
Cardiology Foundation has embarked on a series of appro-
priate use criteria documents that seek to describe common 
clinical scenarios and the evidence supporting the use of the 
therapy being considered. Specific emphasis is placed on the 
guideline documents available that summarize the scientific 
evidence. An appropriate use criteria publication for ICD and 
CRT implantation has recently been reported.55

Clinical Considerations for Pacing and CRT
Single- Versus Dual-Chamber Pacing in ICDs
The appropriate choice of a single- or dual-chamber ICD 
was recently questioned after publication of a study from the 
National Cardiovascular Database Registry ICD Registry. 
Dewland and colleagues56 reported 104 049 new ICD implan-
tations between 2006 and 2007, of which 62% were dual 
chamber. Overall reported complications (to hospital dis-
charge) were low, 2.11% versus 3.17% for single- versus 
dual-chamber ICDs, respectively (P<0.001), which included 
a mortality of 0.23% versus 0.40%, respectively (P<0.001). 
The adjusted mortality risk was 45% greater when a dual-
chamber ICD was used. Only 40.4% of patients who received 
a  dual-chamber ICD were considered to meet indications for 
guideline-based bradycardia pacing indications. In the remain-
ing 60% of patients, the limitations of the registry study can-
not elucidate why the implanting physicians chose to place 
a dual-chamber ICD. Possibly, the physician considered that 
an atrial lead would improve discrimination between supra-
ventricular tachycardia and VT, resulting in lower inappropri-
ate shocks, or the presence of borderline bradycardia raised 
concern that bradycardia would worsen during uptitration of 
heart failure medications. Alternatively, the physician may 
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Figure 4. The Seattle Heart Failure Model (SHFM) 
score for ≈7000 patients in the original SHFM 
cohort are rounded to the closest risk level inte-
ger from 0 to 4 and stratified by New York Heart 
Association (NYHA) functional class. The percent 
of patients within each NYHA class with an SHFM 
score of 0 or 1 (SHFM <1.5 or <16.5% annual mor-
tality) is shown and varies from 97% in NYHA class 
II patients to 17% in NYHA class IV patients.22
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have considered that a second procedure performed later to 
upgrade the patient’s device to one capable of advanced pac-
ing therapy would incur higher risk compared with placing the 
more complex device as the de novo implant.57 Other reasons 
may have been present and clinically justifiable but could not 
be captured by the data fields available in the ICD Registry.

Regardless of the underlying reasons for the findings in the 
study, it is important that the choice of ICD take into consid-
eration a number of factors, including procedural risks and 
clinical need. Complications associated with ICD procedures 
generally increase with more complex devices.16,17,30,48,57–65 
Although these observations are likely related to the comor-
bidities of patients who require advanced therapies, the risk 
may also be due to increases in procedural time, surgical com-
plexity, or inappropriate pacing of the right ventricle.30,60,66

A principal motivation for many physicians to choose a 
dual-chamber ICD is the intuitive belief that atrial sensing 
will improve device discrimination of supraventricular tachy-
cardia from VT. Dual-chamber detection algorithms use rou-
tine electrophysiological principles that naturally appeal to 
electrophysiologists who can, at an instant, visually assess 
atrial dissociation from a faster ventricular response when 
assessing rhythm recordings and conclude that VT is present. 
Reductionist thinking assumes that a dual-chamber discrimi-
nation algorithm is able to achieve what most electrophysiolo-
gists can do easily. Although an atrial signal can be helpful to 
the electrophysiologist troubleshooting ICD-detected rhythms 
in the clinic, what is important for reducing inappropriate ICD 
therapy is what the device “sees” and determines is or is not 
true VT. Not only have dual-chamber ICDs generally failed to 
substantially reduce inappropriate ICD therapy for supraven-
tricular tachycardia, but also recent trials of programming strat-
egies focusing on single-chamber devices, longer detection 
times, or high-rate treatment zones have been more effective 
in reducing inappropriate and unnecessary ICD therapies.67–72 
The recent MADIT–Reduction in Inappropriate Therapy 
and Mortality Through ICD Programming  (MADIT-RIT) 
study dramatically demonstrated this finding with a reduc-
tion in both inappropriate ICD therapy and mortality in 

patients with dual-chamber ICD or CRT-Ds programmed to 
a single  high-rate therapy zone.73 Given the limitations of 
 dual-chamber discrimination algorithms, there seems little to 
support the use of dual-chamber ICDs solely for the purpose 
of improving discrimination between supraventricular tachy-
cardia and VT in patients who otherwise do not require an 
atrial lead for bradycardia support.

The ACC/AHA/HRS 2008 guidelines are nonspecific about 
the selection of a single- or dual-chamber ICD for an indica-
tion other than the need for dual-chamber bradycardia pac-
ing. The recommendations for pacemaker device and mode 
selection in bradycardia-indicated patients have recently been 
summarized in an updated consensus document.4 In reference 
to the choice of a single- or dual-chamber ICDs, the CMS 
NCD states: “Providers must be able to justify the medical 
necessity of devices other than single lead devices. This justi-
fication should be available in the patient’s medical record.”21 
Physicians seeking to support their decision for dual-chamber 
pacing based on CMS reimbursement criteria can refer to the 
recently updated Decision Memo.73

Cardiac Resynchronization Therapy
CRT has been solidly established as an important advanced 
heart failure therapy to reduce all-cause mortality, death result-
ing from progressive heart failure, and symptoms of heart fail-
ure and to improve left ventricular function.48,61–65 A detailed 
discussion of the evidence-base supporting this therapy is the 
subject of a separate article in this Circulation series; there-
fore, limited selected points are discussed here.

Recent data from the Multicenter Automatic Defibrillator 
Implantation Trial with Cardiac Resynchronization Therapy 
(MADIT-CRT) study support the use of CRT earlier in the 
course of heart failure and are reflected in the recent update to 
the guidelines (ACCF/AHA/HRS focused update of the 2008 
guidelines for device-based therapy of cardiac rhythm abnor-
malities).6,62 Several subgroups in MADIT-CRT demonstrated 
that the most significant benefit of early CRT therapy occurred 
in patients with a left bundle-branch block QRS morphology, 
those with greater depolarization delay (≥150 milliseconds), 

Table.  Comparison of ICD Implantation Criteria

ICD Implant Category

NCDR publication54JAMA. 
2011;305(1):43-49

ACC/AHA/HRS 2008  
Guidelines3 2005 CMS NCD21

Considered as Evidence-Based  
ICD Implantation

ICD Implant Recommended  
Without Qualifier ICD Implant Reimbursed

ICD implant* <40 days from acute MI No No No

ICD implant* <3 months from initial 
diagnosis of ischemic heart failure

No Yes Yes

ICD implant* <3 months from initial 
diagnosis of non-ischemic heart failure

No Yes No

ICD implant* <90 days from CABG (or PTCA) No Yes No

ICD implant† in NYHA Class IV  
without CRT

No Yes; non-hospitalized  
awaiting transplant3

No

ACC/AHA/HRS indicates American College of Cardiology/American Heart Association/Heart Rhythm Society; CABG, coronary artery bypass graft; PTCA, percutaneous 
transluminal coronary angioplasty; CMS, Center for Medicare & Medicaid; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter-defibrillator; MI, 
myocardial infarction; NCD, national coverage determination; and NYHA, New York Heart Association.

*Assumes NYHA class II/III and left ventricular ejection fraction ≤35% or NYHA class I and left ventricular ejection fraction ≤30% and prior MI. 
†Assumes left ventricular ejection fraction ≤35%.
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and female patients. The findings of MADIT-CRT dovetail 
nicely with observations from both MADIT II and SCD-HeFT 
analyses demonstrating that device-based therapies provide 
significant benefit when used early in the course of heart 
failure.23,24 A question that remains unanswered, however, is 
when patients are too ill to realistically benefit and would be 
better served with other options such as left ventricular assist 
device, cardiac transplantation, or consideration of palliative 
care. Such situations are examples of when a patient may ful-
fill guideline criteria for a therapy that is inappropriate for the 
clinical situation.

There are times when it is reasonable to use a CRT-pacemaker 
over a CRT-defibrillator such as in the very elderly, patients 
with significant comorbidities, and patients who decline ICD 
therapy. The results of the Cardiac Resynchronization-Heart 
Failure (CARE-HF) study comparing CRT-pacing only with 
optimal medical therapy demonstrated significant reductions in 
all-cause mortality and arrhythmic and nonarrhythmic death.61

Applying the Guidelines to Clinical Practice
Accurate estimates of adherence to guideline-based implanta-
tion of ICD and CRT in eligible patients are difficult and likely 
vary widely depending on whether patients receive their medi-
cal care in smaller community medical centers or larger referral 
centers.74–78 Several studies suggest that this may be true. In a 
study of patients receiving medical care at Duke Medical Center, 
542 patients who met eligibility for ICD or CRT-D were fol-
lowed up after hospital discharge (2005–2007) with a diagnosis 
of heart failure and LVEF ≤30%.75 The patients were evaluated 
for receipt of an ICD or a CRT-D within 1 year of the index 
hospitalization. Although 41% of the patients who were eligible 
did not receive an ICD, after consideration of the reasons, the 
investigators determined that only 13% of the eligible patients 
should have received an ICD. The reasons why the other 28% 
were no longer considered eligible were that LVEF improved to 
>30%, the patient had limited life expectancy, the patient was in 
NYHA class IV, or the patient had anatomic barriers to implan-
tation. These data would suggest that adherence to guidelines is 
high. However, large tertiary and quaternary referral centers are 
more likely to have repetitive education on guidelines, a culture 
of scientific inquiry lending itself to guideline adherence, and 
mechanisms to identify patients for appropriate therapies. In 
contrast, the Get With The Guidelines–Heart Failure Registry 
evaluated 10 148 patients for adherence to guideline-based heart 
failure therapies.76 A new or planned ICD was present in only 
20% of eligible patients. Compliance varied markedly by large 
tertiary referral hospitals (>40% compliance) or small commu-
nity hospitals (1% to 20% compliance) and by whether other 
advanced cardiac services were available at the medical cen-
ter such as CABG or PCI capability or heart transplantation. 
Similarly, in the Improve HF performance improvement study, 
15 381 US patients were assessed between 2005 and 2007 for 
adherence to a variety of guideline-based heart failure thera-
pies.77 The patients were followed up at 167 outpatient prac-
tices, of which 31% were affiliated with an academic medical 
center. Only 51% of ICD-eligible patients and 39% of CRT-
eligible patients had received the device. Predictors of nonde-
vice implantation included female sex, older age, nonischemic 
HF, and higher LVEF.

Reasons for nonreferral of patients for appropriate ICD and 
CRT therapy are likely multifactorial and include inadequate 
familiarity with the guidelines; concern about complications, 
recalls, and advisories; and perhaps, among some, a laissez 
faire approach to sudden cardiac death. A recent publication by 
Castellanos and colleagues78 suggests that a significant number 
of US family medicine, internal medicine, or general cardiology 
physicians are insufficiently educated about  guideline-based 
ICD indications. There is clearly an urgent need to better edu-
cate the referral base of physicians on the strength of evidence 
supporting the use of both ICD and CRT therapy.

Conclusion
Few medical therapies rival the extraordinary impact of the 
ICD on sudden cardiac death in heart failure patients, and few 
lethal disease entities have been tamed as well over a relatively 
short period of time, especially given the enormous technologi-
cal obstacles required to implant these devices and to safely 
deliver defibrillation shocks to humans on an automated basis. 
The sheer complexity of these devices, each component of 
which required rigorous testing such as lead design, energy 
delivery, integrated circuit design, software, battery technol-
ogy, and rhythm detection algorithms, represents a tour de 
force that is not always appreciated by clinicians. The rapid 
evolution of ICD technology over the past 3 decades, coupled 
with a large body of scientific evidence from well-designed 
and adequately powered trials with mortality end points, has 
positioned this therapy as standard of care for a broad group 
of patients suffering from heart disease. Despite concerns over 
device advisories and recalls, the vast majority of these devices 
function appropriately and save lives. This fact, in and of itself, 
is a testament to the vision, fortitude, and commitment to sav-
ing lives to which many investigators have dedicated their 
careers. While our community of scientists continues to search 
for better risk identifiers, safer procedures, and more robust 
devices, we should not lose sight of or fail to champion the fun-
damental purpose for which ICDs were developed: to reduce 
death from life-threatening ventricular arrhythmias.
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