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Background: Advances in implantable cardioverter defibrillator (ICD) technology have resulted in more
effective defibrillation, and the need for defibrillation threshold (DFT) testing has been questioned.

Methods: A total of 64,227 initial ICD implant procedures performed at 1,261 facilities (April to
December 2010) in the NCDR RegistryTM were selected to identify patterns of practice related to DFT
testing. Patient, physician, and procedural characteristics were compared. Independent association of
DFT testing with in-hospital adverse events or mortality was also examined.

Results: DFT testing was performed in 71% of patients. Patients who did not undergo testing were older;
more often had heart failure, lower left ventricular ejection fraction, atrial arrhythmias, and a primary
prevention indication; and were more likely to receive a cardiac resynchronization therapy device. In
addition, patients who did not undergo testing were less likely to be implanted in a metropolitan area and
more often implanted at a teaching hospital, in New England, in the Mid-Atlantic, or in the Pacific U.S .
In-hospital adverse events occurred in 2.56% of patients who underwent DFT testing compared to 3.58%
who did not (P < 0.001). Death or any complication remained more likely to occur in patients who did
not undergo testing (odds ratio and 95% confidence interval: 1.46 [1.33, 1.61], P < 0.001), after adjusting
for baseline and procedural differences.

Conclusions: DFT testing is not performed in many (29%) patients in clinical practice. Patients who
did not undergo testing were more likely to have adverse events and to be older with more comorbidities,
which could explain why DFT testing was avoided. Prospective randomized data are needed to determine
the impact of DFT testing on outcome. (PACE 2013; 00:1–10)
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Introduction
Clinical trials have documented the efficacy of

implantable cardioverter defibrillators (ICDs) for
the primary and secondary prevention of sudden
cardiac death (SCD).1–7 Implantation protocols for
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these trials have involved induction of ventricular
fibrillation (VF) at the time of implantation
to demonstrate effective arrhythmia termination.
Historically, defibrillation threshold (DFT) testing
has been performed to ensure reliable sensing
and detection of VF and to evaluate defibrillation
efficacy in the laboratory, anticipating that this
will translate into successful shock therapy during
subsequent clinical events. In fact, in the United
States, implant manuals for ICDs approved by
the Food and Drug Administration (FDA) include
instructions for use with DFT testing. However,
there are concerns about the uncertain balance
between acute risks and long-term benefits of DFT
testing.8–10

Since the early trials evaluating ICD therapy,
defibrillation efficacy has greatly improved. Mod-
ern technology now includes devices with bipha-
sic waveforms and pectoral active can systems
that result in more effective defibrillation.11–17

In addition, devices now have a higher output,
routinely delivering ≥35 Joules, also increasing
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the chance of effective defibrillation. It has been
suggested that the availability of new defibrillation
technology may eliminate the need for DFT
testing.18 However, DFT testing is still performed
on most patients.

The aim of this study is to identify con-
temporary patterns of practice related to DFT
testing and to compare patient, physician, and
procedural characteristics in those who undergo
testing versus those who do not using data from
the National Cardiovascular Data ICD Registry
(NCDR). The association between DFT testing and
outcomes is also examined.

Methods
Data Source

Analyses in this study are based on data
contained in the NCDR ICD RegistryTM, a national
database developed by the American College of
Cardiology and the Heart Rhythm Society. In 2005,
the Centers for Medicare and Medicaid Services
(CMS) published the National Coverage Decision
to expand ICD coverage. In Medicare beneficia-
ries, ICD implantations for primary prevention
indications are required to be included in this
registry. However, 79% of hospitals have chosen
to submit data on all device recipients, regardless
of age or device indication. This has resulted in
reporting of data in 90% of all ICDs implanted
in the United States, and therefore this registry
provides the most comprehensive characterization
of contemporary practice.8 Detailed demographic,
clinical, and device data are collected for each
ICD implantation procedure. In April 2010, the
National ICD Registry expanded to include data
on leads and pediatric implantations.

Version two of the ICD RegistryTM form also
includes data on DFT testing at the time of
implantation, recorded as “lowest energy tested”
(LET) or “upper limit of vulnerability” (ULV)
testing. Whether or not these tests are performed,
and their outcome measured in Joules, is recorded
in the Registry. For the purpose of this paper,
the term “defibrillation threshold testing” (DFT
testing) is defined to include both LET and ULV
testing. These data were not included in version
one.

Patient Population

There were 112,839 implantation procedures
in 2010 (Q2–Q4, April 1, 2010, to December
31, 2010) in version two of the NCDR ICD
Registry. Of these, 48,562 represented generator
replacement or lead revision procedures only, and
were excluded from the current analysis. In ad-
dition, another 50 implantation procedures were
excluded because they were performed in patients
who previously underwent ICD implantation.

The remaining 64,227 initial ICD implantation
procedures, performed at 1,261 facilities, were
available for the current analysis.

Outcomes

The main endpoint of interest is the use of
DFT testing, which is defined as either LET or
ULV testing. The ICD Registry collects data on
a variety of intraprocedure and postprocedure
adverse events, including death, occurring before
or at hospital discharge. We examined any adverse
events, including death, during the hospital
admission as well as the association between the
use of DFT testing and outcomes.

Statistical Analysis

Baseline characteristics and outcomes were
compared between patients with and without
the use of DFT testing using the χ2 test for
categorical variables and t-test for continuous
variables. Percentages and means (± standard
deviation) as well as the P value for comparisons
are reported.

Multivariable hierarchical logistic regression
models were used to examine the independent
effect of the use of DFT testing on outcomes,
adjusting for the relevant demographic and
clinical factors as well as the patients’ clustering
among hospitals. Factors included in the models
were age, gender, race, heart failure history, New
York Heart Association (NYHA) functional class,
duration of heart failure symptoms, left ventric-
ular ejection fraction (LVEF), ischemic disease,
prior percutaneous coronary intervention, prior
coronary artery bypass grafting, nonischemic car-
diomyopathy, primary valvular disease, atrial fib-
rillation/flutter, cerebrovascular disease, chronic
lung disease, dialysis, hypertension, diabetes
mellitus, electrocardiogram (ECG) characteristics,
systolic blood pressure (BP), creatinine, brain
natriuretic peptide (BNP), pro-BNP, sodium potas-
sium, primary prevention, ventricular tachycardia
(VT) type, cardiac arrest, and device type. In the
models, we imputed the missing values to the most
common category for the categorical variables if
the corresponding missing rate was less than 1%.
Otherwise, we added missing values as a category
for the categorical variable in the model. For a
continuous variable with missing rate less than
1%, we imputed the missing value to its median;
otherwise, we imputed the missing value to its
median, created a dummy variable indicating the
missing value, and added it to the model. A logistic
regression model with stepwise selection method
was used to identify the factors independently
associated with no use of DFT testing, entry
P value was set to 0.15, and retain P value was
set to 0.05.
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To examine the contribution of different
factors to the variance in performing DFT testing,
we used hierarchical logistic regression models
sequentially by adding hospital factors, demo-
graphics, medical history, diagnostic characteris-
tics, and procedural information. Changes in the
variance of the predicted rates in use of non-DFT
testing were examined.

All analyses were performed using SAS 9.2
(SAS Institute, Cary, NC, USA). The Yale Human
Investigation Committee approved the analysis
and determined that informed consent was not
applicable to the data collected by the Registry.

Results
DFT Testing

Of the 64,227 initial implantation procedures
in the study cohort, DFT testing was performed
at implantation in 71%. Of the 45,686 procedures
in which DFT testing was performed, 1.3%
underwent ULV testing only. In those who
underwent testing, mean LET was 18.9 ± 6.8
Joules and mean ULV was 24.8 ± 15.2 Joules.

Baseline and Procedural Characteristics

Differences in baseline characteristics are
summarized in Table I. Patients who did not un-
dergo DFT testing were older, more often had heart
failure, had a longer duration of heart failure prior
to implantation, had a higher NYHA functional
class (class III-IV), and had a lower LVEF. Those
who did not undergo DFT testing more often had
nonischemic cardiomyopathy or primary valvular
disease and less often had ischemic heart disease
or prior revascularization. In addition, patients
who did not undergo DFT testing more often had a
history of atrial fibrillation/flutter, cerebrovascular
disease, or chronic lung disease.

Differences in baseline ECGs, laboratory stud-
ies, and blood pressures were also noted. Patients
who did not undergo DFT testing had a wider QRS
duration and more often had an intraventricular
conduction delay (IVCD), atrial fibrillation/flutter,
or only ventricular paced complexes on ECG.
Patients who did not undergo DFT testing had a
lower systolic BP, higher serum creatinine, higher
BNP, or higher pro-BNP.

Patients who underwent cardiac resynchro-
nization therapy (CRT) implantation were less
likely to undergo DFT testing, with DFT testing
performed in 67.0% of CRT implants versus 73.6%
of non-CRT (single- or dual-chamber) implants
(P < 0.001). In addition, patients who did not
undergo DFT testing were more likely to undergo
ICD implantation for primary prevention and less
likely to undergo ICD implantation for secondary
prevention indications (Table I).

Medical Therapy

As shown in Table I, differences in drug
therapy at hospital discharge were identified in
patients who underwent DFT testing compared
with those who did not. Patients who did not
undergo DFT testing were less likely to be treated
with an angiotension-converting enzyme (ACE)
inhibitor, angiotension II receptor blocker (ARB),
β-blocker, or aspirin, and more likely treated with
an antiarrhythmic agent, diuretic, or warfarin.

Hospital Length of Stay

Those who did not undergo DFT testing had
a longer hospital stay (8.7 ± 295 days vs 4.7 ±
153 days, P = 0.025) and a longer postprocedure
length of stay (2.3 ± 4.8 days vs 1.7 ± 3.0 days,
P < 0.001) than those who did undergo testing.

Factors Associated with the Absence of DFT
Testing

In a multivariable analysis, advanced age,
history of heart failure, NYHA functional class IV
status, atrial fibrillation/atrial flutter, VT, cardiac
arrest, cerebrovascular disease, lower LVEF, wider
QRS, lower serum sodium, higher creatinine,
higher BNP, holding preprocedure warfarin, and
device type were all associated with the absence
of DFT testing (Table II).

Variations in DFT Testing

Variations in patterns of DFT testing based on
hospital type and location were noted. Patients
who did not undergo testing were more often
implanted at a not-for-profit hospital or at a
teaching hospital, and less likely implanted in
a metropolitan area (Table III). Compared to
implants performed with DFT testing, implants
performed without DFT testing were more often
performed at hospitals with a larger average
number of beds (Table III). In addition, patients
who did not undergo testing were more often
implanted in New England, the Mid-Atlantic, or
the Pacific U.S. (Table III). Physician training also
impacted the use of DFT testing, although the
difference was small (Table III). The variation in
hospitals’ practices related to performance of DFT
testing is shown in Figure 1. A small proportion
of hospitals almost never performed DFT testing,
whereas most hospitals performed DFT testing in
at least 60% of implantation procedures.

The variance in performing DFT testing was
21%, which was explained by the random effect of
patients within the hospital for about 23.7% and
by other factors in the model for another 7.4%.
This implies that real-life factors exist that may
largely explain the decision of whether or not to
perform DFT testing. Because these factors were
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Table I.

Baseline Characteristics, ECG, Laboratories, Device Type, and Medical Therapy

No DFT DFT P Value

Age, years (mean) 67.4 65.1 <0.001
Gender, male (%) 72.2 71.5 0.089
Race

White (%) 82.8 83.2 0.258
African American (%) 14.5 14.1 0.243

Heart failure (%) 82.5 77.0 <0.001
NYHA functional class <0.001

Class I (%) 11.1 14.5
Class II (%) 29.7 34.9
Class III (%) 53.6 47.2
Class IV (%) 5.2 3.0

Duration of HF symptoms <0.001
<3 months (%) 12.8 11.1
3–9 months (%) 13.4 14.1
>9 months (%) 56.0 51.5

LVEF (%) 27.5 ± 11.2 29.3 ± 11.8 <0.001
Ischemic heart disease (%) 59.5 60.7 0.006
Prior PCI (%) 29.6 32.8 <0.001
Prior CABG (%) 29.7 30.5 0.015
Nonischemic dilated CM (%) 37.0 34.9 <0.001
Primary valvular disease (%) 14.7 11.7 <0.001
Atrial fibrillation/flutter (%) 43.7 26.7 <0.001
Cerebrovascular disease (%) 17.7 14.5 <0.001
Chronic lung disease (%) 23.0 21.7 0.003
Currently on dialysis (%) 3.4 3.1 0.158
Hypertension (%) 78.8 78.8 0.693
Diabetes mellitus (%) 38.8 38.0 0.189
ECG

Atrial fibrillation/flutter (%) 30.2 12.6 <0.001
QRS duration, mean ± SD (ms) 123 ± 32 121 ± 31 <0.001
Only ventricular paced (%) 9.5 6.8 <0.001
Paced rhythm (%) 10.4 7.6 <0.001
IVCD (%) 53.9 50.0 <0.001
LBBB (%) 26.0 24.7 <0.001
RBBB (%) 10.6 10.5 <0.001

Systolic BP, mean ± SD 130.4 ± 22.8 132.3 ± 22.7 <0.001
Creatinine, mean ± SD 1.4 ± 1.2 1.3 ± 1.1 <0.001
BNP, mean ± SD 1,172 ± 1,392 907 ± 1,188 <0.001
NT-proBNP, mean ± SD 6,863 ± 8,300 5,458 ± 7,378 <0.001
Sodium, mean ± SD 138.0 ± 4.9 138.3 ± 4.4 <0.001
Potassium, mean ± SD 4.2 ± 0.5 4.2 ± 0.5 0.947
Indication <0.001

Primary prevention (%) 82.7 81.1
Secondary prevention (%) 17.3 18.9

VT, sustained <0.001
Monomorphic (%) 6.8 7.5
Polymorphic (%) 1.8 2.0
Both (%) 0.8 0.8

Continued
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Table I.

Continued

No DFT DFT P Value

Cardiac arrest (%) 10.0 10.1 0.714
Device type <0.001

Single chamber (%) 21.8 20.0
Dual chamber (%) 34.5 43.6
CRT (%) 43.4 36.2

Medical therapy at hospital discharge
ACE inhibitor (%) 59.4 61.7 <0.001
ARB (%) 14.9 15.9 0.002
Antiarrhythmic agent (%) 16.6 15.4 <0.001
β-Blocker (%) 86.0 87.5 <0.001
Diuretic (%) 65.2 58.8 <0.001
Aspirin (%) 66.5 71.4 <0.001
Warfarin (%) 38.2 22.2 <0.001
Platelet aggregation inhibitors (%) 24.5 27.7 <0.001

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BNP = brain natriuretic peptide; BP = blood pressure;
CABG = coronary artery bypass graft; CM = cardiomyopathy; CRT = cardiac resynchronization therapy; DFT = defibrillation threshold;
ECG = electrocardiogram; HF = heart failure; IVCD = intraventricular conduction delay; LBBB = left bundle branch block; LVEF =
left ventricular ejection fraction; NT-ProBNP = N-terminal pro-brain natriuretic peptide; NYHA = New York Heart Association; PCI =
percutaneous coronary intervention; RBBB = right bundle branch block; SD = standard deviation; VT = ventricular tachycardia.

Table II.

Factors Associated with the Absence of Defibrillation Testing

Variable Odds Ratio 95% CI P Value

Age 1.007 (1.006, 1.009) <0.001
Heart failure 1.067 (1.008, 1.130) 0.025
NYHA Class II 0.927 (0.868, 0.991) 0.025
NYHA Class III 1.050 (0.979, 1.127) 0.171
NYHA Class IV 1.448 (1.299, 1.613) <0.001
Nonischemic DCM 0.883 (0.834, 0.935) <0.001
Atrial fibrillation/flutter 1.161 (1.102, 1.223) <0.001
Ventricular tachycardia 1.105 (1.062, 1.151) <0.001
Cardiac arrest 1.136 (1.067, 1.209) <0.001
Ischemic heart disease 0.938 (0.884, 0.996) 0.037
Prior PCI 0.930 (0.889, 0.972) 0.001
Prior CABG 0.890 (0.850, 0.932) <0.001
Cerebrovascular disease 1.155 (1.101, 1.212) <0.001
Currently on dialysis 0.866 (0.764, 0.982) 0.025
Hypertension 0.897 (0.858, 0.938) <0.001
LVEF 0.989 (0.987, 0.991) <0.001
QRS duration 1.001 (1.000, 1.002) 0.017
Atrial fibrillation/flutter (ECG) 2.260 (2.135, 2.393) <0.001
Sodium 0.989 (0.985, 0.992) <0.001
Creatinine 1.040 (1.020, 1.060) <0.001
BNP per 100 unit 1.012 (1.009, 1.015) <0.001
Warfarin held for procedure 1.249 (1.192, 1.309) <0.001
Final device: single chamber 1.379 (1.112, 1.710) 0.003
Final device: dual chamber 1.128 (0.982, 1.297) 0.088

CI = confidence interval; DCM = dilated cardiomyopathy. Rest of the abbreviations as in Table I.
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Table III.

Hospital and Physician Characteristics

No DFT DFT P Value

Owner <0.001
Public (%) 9.0 10.5
Not-for-profit (%) 75.6 73.0
Private (%) 12.9 13.5
Unknown (%) 2.5 3.0

Core-based statistical area <0.001
Division (%) 29.1 19.8
Metropolitan (%) 65.2 72.6
Micro (%) 3.0 4.3
Rural (%) 0.2 0.3
Unknown (%) 2.5 3.0

Teaching status <0.001
Teaching (%) 57.5 54.9
Other (%) 40.0 42.1
Unknown (%) 2.5 3.0

Beds, number (mean ± SD) 470 ± 267 452 ± 265 <0.001
Region <0.001

New England (%) 5.0 2.9
Mid-Atlantic (%) 15.9 11.9
South Atlantic (%) 21.4 22.2
East North Central (%) 17.2 17.7
East South Central (%) 6.2 8.1
West North Central (%) 6.6 7.8
West South Central (%) 10.4 12.3
Mountain (%) 3.6 5.2
Pacific (%) 11.2 9.0

Physician training <0.001
Board-certified EP (%) 68.5 68.1
EP fellowship only (%) 12.5 10.1
Surgery boards (%) 1.7 1.6
Pediatric cardiology boards (%) 0.3 0.1
HRS guidelines (%) 8.3 11.2
None of the above (%) 8.7 8.8

DFT = defibrillation threshold; EP = electrophysiologist; HRS =
Heart Rhythm Society; SD = standard deviation.

not captured by the Registry, they could not be
examined.

Adverse Events and Outcomes

Intra- or postprocedure events occurring prior
to hospital discharge are described in Table IV.
Adverse events occurred in 2.56% of patients
who underwent DFT testing compared to 3.58%
of patients who did not undergo DFT testing
(P < 0.001). Patients who suffered cardiac arrest,
cardiac perforation, coronary venous dissection,
cardiac tamponade, or urgent cardiac surgery were
less likely to undergo DFT testing. Death prior to
hospital discharge occurred in 0.61% of patients
who did not undergo DFT testing versus 0.24%
of patients who did undergo testing (P < 0.001).
The occurrence of “any adverse event or death”
was 3.92% in those who did not undergo DFT
testing versus 2.69% in those who did undergo

DFT testing (P < 0.001). The higher rate of adverse
events in those who did not undergo testing
persisted after adjusting for differences in baseline
and procedural characteristics (Table V).

Discussion
This study demonstrates the following: (1)

Although DFT testing is still performed in most
(71%) patients, it is not performed in 29% of
patients who undergo initial ICD implantation
in the United States; (2) baseline characteristics,
medical therapy, and procedural characteristics
markedly differ in patients who undergo DFT
testing compared to those who do not; (3)
variations in patterns of the use of DFT testing
exist that are related to hospital type and location;
(4) patients with adverse events were less likely
to undergo DFT testing; and (5) measured patient
and hospital characteristics only partially explain
the variability in performance of DFT testing.

Use of DFT Testing

Although usage of ICDs in an FDA-approved
manner includes DFT testing, it is interesting to
note that many patients in this study did not
undergo DFT testing based on analysis of the
NCDR ICD Registry from April 1, 2010, to Dec 31,
2010. Prior to the routine use of high output (35–
41 Joule) devices, an earlier study demonstrated
that DFT testing was not performed in 5% of
patients.19 However, more recent studies from
Italy and Canada have demonstrated that DFT
testing is not performed in 20–30% of patients
at initial implantation.20,21 There appears to be a
trend toward less defibrillation testing in recent
years, with DFT testing not performed at initial
implantation in 10.4% of patients from 2000 to
2002, 18.6% of patients from 2003 to 2005, and
29.6% of patients from 2006 to 2008 in one
study of 2,407 consecutive patients.22 Although
we could not examine trends related to DFT testing
over the years in this study as the NCDR Registry
did not collect data on DFT prior to 2010, our
findings are consistent with more recent reports
in the literature.

Differences in Baseline Characteristics

Many differences in baseline characteristics
were noted between patients who underwent DFT
testing versus those who did not, with character-
istics suggesting more severe illness in patients
who did not undergo testing. This is not surprising
and likely reflects selection bias in that “sicker”
patients may not be considered candidates for DFT
testing. Specifically, patients who did not undergo
testing were older, more often had heart failure
with a higher NYHA functional class, had a lower
LVEF, and were more likely to receive a CRT
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Figure 1. Variation in hospitals’ practices related to defibrillation testing. The variation in
defibrillation testing by hospital is shown, with “Hospital Number” on the x-axis and “Hospitals’
Use of Defibrillation Testing, %” on the y-axis. (This is restricted to hospitals that had at least 25
implants.)

device. It has been previously demonstrated that
NYHA functional class IV patients are more likely
to have higher defibrillation thresholds.23 Patients
undergoing CRT implantation also appear to
have higher defibrillation thresholds that require
system modification.19,23,24 Paradoxically, those
patients least likely to undergo DFT testing
(such as “sicker” CRT patients) may be most
likely to benefit from testing, although these
patients may have longer implant procedures and
may be at highest risk for complications related
to testing.25 Pires and Johnson demonstrated a
higher mortality in patients who did not undergo
DFT testing, likely related to a clinical profile
suggesting “sicker” patients in the “no testing”
group.26

Another reason to avoid or delay DFT
testing is the presence of atrial fibrillation and
subtherapeutic anticoagulation. In this study,
patients who did not undergo testing were
much more likely to have a history of atrial
fibrillation/flutter (43.7% vs 26.7%, P < 0.001).
A similar 17% difference in atrial arrhythmia
prevalence on ECG was noted between the no-
DFT and DFT testing groups (30.2% vs 12.6%,
P < 0.001). Unless transesophageal echocardiogra-
phy is performed prior to the procedure to exclude
left atrial thrombus, DFT testing with potential
conversion to sinus rhythm would increase the
risk for thromboembolic complications. Measured
characteristics explained 21% of the variability
in DFT testing performance. This suggests that

patient factors not captured in the ICD Registry,
such as patient frailty or individual physician
preference, may also play a role.

Potential Benefits and Risks of DFT Testing

It is thought that the ability to demonstrate
effective termination of VF in the laboratory
setting should translate into effective defibrillation
therapy in the clinical setting. If defibrillation is
ineffective at the time of initial implantation, the
system can be revised to improve defibrillation
efficacy. Other potential reasons for performing
DFT testing include assessing electrical integrity
of connections between leads and the pulse
generator and ensuring reliable sensing of VF.

However, DFT testing can be associated
with complications, and acute risks may lead
to significant morbidity or even mortality. The
risks of DFT testing include those related to the
shocks alone and those related to the induced
VF itself, although it should be noted that NCDR
data suggest that these risks are very small.
The shocks and the time elapsed during VF
may depress contractile function. Refractory VF
with failed multiple defibrillations can occur.
Although rare, fatal pulse-less electrical activity
has been reported after termination of VF, even
after delivery of only a single shock.19,27 Left atrial
or left ventricular clot dislodgement may also
occur, leading to thromboembolic complications.
Risks may also be related to anesthetic drugs that
are required to perform DFT testing.

PACE, Vol. 00 2013 7
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Table IV.

Adverse Events Prior to Hospital Discharge

No DFT DFT P Value

Cardiac arrest (%) 0.51 0.17 <0.001
Drug reaction (%) 0.10 0.07 0.187
Cardiac perforation (%) 0.12 0.05 0.002
Conduction block (%) 0.06 0.04 0.416
Coronary venous

dissection (%)
0.24 0.11 <0.001

Hematoma requiring
re-op, evacuation, or
transfusion (%)

0.41 0.34 0.190

Hemothorax (%) 0.05 0.02 0.058
Infection requiring

antibiotics (%)
0.15 0.10 0.060

Lead dislodgement (%) 1.13 0.98 0.074
Myocardial infarction

(%)
0.04 0.04 0.629

Pericardial tamponade
(%)

0.19 0.07 <0.001

Peripheral embolus (%) 0.02 0.01 0.187
Peripheral nerve injury

(%)
0.00 0.00 0.524

Set screw problem (%) 0.03 0.04 0.768
Pneumothorax (%) 0.37 0.32 0.347
TIA or stroke (%) 0.06 0.05 0.554
Urgent cardiac surgery

(%)
0.05 0.01 <0.001

Venous obstruction (%) 0.06 0.03 0.095
Discharge status,

deceased (%)
0.61 0.24 <0.001

Any complication (%) 3.58 2.56 <0.001
Any complication or

death (%)
3.92 2.69 <0.001

DFT = defibrillation threshold; TIA = transient ischemic attack.

Adverse Events Related to ICD Implantation

The higher rate of adverse events in those who
do not undergo testing in this study is contrary to
what might be anticipated, in that the induction

of VF and shock delivery might be expected to
result in a higher rate of adverse events. As this
is an observational, cross-sectional study, it is
likely that this association goes in the opposite
direction—adverse events during the procedure
led to abandonment of DFT testing. DFT testing
may have been planned, but subsequently deferred
during the procedure related to occurrence of
adverse events, such as mechanical complications,
hemodynamic instability, or respiratory issues.
The fact that mechanical complications, such as
coronary sinus dissection or cardiac tamponade,
were higher in the no-DFT group supports the
hypothesis that intraprocedural complications
were factors influencing the decision to forgo DFT
testing.

However, the most likely explanation for
these differences in outcome is selection bias.
It is likely that we select “healthier” patients
for DFT testing and avoid it in “sicker” patients
in whom the risk of complications is higher,
explaining the association between higher adverse
events and absence of DFT testing. With improved
device technology, implanting physicians might
now have a much lower threshold to defer or
omit DFT testing, particularly with more complex
implantation procedures such as CRT devices
in “sicker” patients, which account for 42% of
implants in the ICD Registry.8 It is generally
accepted that very sick, frail patients are at
higher risk for DFT testing, and thus testing in
these patients is generally avoided in clinical
practice, supported by the NCDR data. While the
association between adverse events and absence
of DFT testing persisted after adjustment for
measured comorbidities, the “no-DFT” cohort may
select patients who are very sick with other
comorbidities or measures of frailty that are not
available in the ICD registry and, therefore, cannot
be adjusted for in the current model.

Whether DFT testing should remain part of
ICD implantation is unknown. All randomized
clinical trials that demonstrated benefit of ICDs
for primary and secondary prevention of sudden
death included induction of VF at the time of

Table V.

Association of Absence of Defibrillation Testing with Patient Outcomes (Logistic Regression Model)

Death Any Adverse Events Death or Any Adverse Events
Odds Ratio (95% CI) Odds Ratio (95% CI) Odds Ratio (95% CI)

Unadjusted 3.57 (3.03, 4.20) 1.56 (1.42, 1.72) 1.65 (1.50, 1.81)
Adjusted† 2.33 (2.00, 2.71) 1.42 (1.28, 1.57) 1.46 (1.33, 1.61)

†Adjusted for demographics, medical history and risk factors, diagnoses, and procedural factors. CI = confidence interval.
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ICD implantation. On the other hand, studies
of devices incorporating modern technology and
biphasic waveforms have shown that a high
defibrillation energy requirement does not ad-
versely influence survival, although studies would
not be powered to assess mortality in a small
subgroup of patients with a high defibrillation
energy requirement.28–30 The first shock success
rates for spontaneous ventricular arrhythmias in
the VF zone for patients who passed implant
criteria are high (83–92%) even in the setting of
high defibrillation thresholds.26,29,31,32 Recent data
from the Sudden Cardiac Death in Heart Failure
Trial (SCD-HeFT) suggest that regardless of the
safety margin, including “no safety margin,” DFT
testing at implant did not predict shock efficacy
or mortality.29 However, most patients in SCD-
HeFT who were classified as having a “high” DFT
still had a ≥10-Joule safety margin and only a
very small number of patients (16 patients) in the
“high” DFT group had a <10-Joule safety margin.

At present, there are no published prospective
randomized trials to show similar outcomes with-
out DFT testing at implantation. The Shockless
Implant Evaluation (SIMPLE) is an important
ongoing prospective trial comparing DFT to no-
DFT testing, which will provide information about
arrhythmic death and shock efficacy, with a
primary outcome of failed first appropriate clinical
shock or arrhythmic death.33 However, as this trial
is not powered to evaluate mortality as a primary
endpoint, it still may not fully answer the question
about whether or not DFT testing is important.

Variations in DFT Testing

It is interesting to note the regional and
hospital variations in DFT testing. Training of
implanting physicians may also impact patterns
of DFT testing, although the difference was small.
Electrophysiologists or other implanting physi-
cians in some communities may have preferences
related to risks and benefits of testing, based
on previous retrospective analyses or their own
experiences. Fellows trained at various centers
may then practice local to that center, using
implantation procedures similar to centers where

they were trained, and this may contribute to
regional variations in patterns of testing.

Limitations
As version 1 of the Registry did not include

information on DFT testing and version 2 of the
ICD registry was only available since 2010, we
cannot evaluate long-term trends in DFT testing.
However, one advantage of this study is that
it provides information regarding contemporary
practices using current device technology.

As this is a post hoc analysis of the NCDR ICD
registry, patients eligible for DFT testing were not
randomized to implant testing versus no testing.
It is apparent that the group of patients who
did not undergo testing had marked differences
in baseline characteristics and therapy compared
with those who did undergo testing. Other factors
that contribute to outcome may not be collected
in the ICD Registry and would not be adjusted
for, therefore not fully explaining differences in
outcome between groups. In addition, it is possible
that DFT testing was initially planned but then
prematurely aborted during the procedure due to
complications. As this is not a prospective study,
we can only speculate about reasons why DFT
testing may not have been performed. Therefore, a
randomized clinical trial comparing DFT to no-
DFT testing would be needed to determine if
implantation testing is important.

Conclusions
Although multicenter clinical trials demon-

strating the benefit of ICDs in primary and
secondary prevention of SCD all used some form
of DFT testing at implantation, 29% of patients
undergoing initial ICD implantation in the United
States and enrolled in the NCDR registry do not
undergo DFT testing. Patients who undergo testing
differ from those who do not with respect to
baseline characteristics, ICD type, and indication,
with regional variation by hospital type and
location. Prospective randomized data are needed
to determine the impact of DFT testing on long-
term outcome and overall mortality.
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