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Variation in Use of Dual-Chamber Implantable
Cardioverter-Defibrillators
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Background: Among patients without an indication for

a pacemaker, current evidence is inconclusive whether
a dual-chamber implantable cardioverter-defibrillator
(ICD) is superior to a single-chamber ICD. The current
use of dual-chamber ICDs is not well characterized.
Methods: We conducted a cross-sectional study exploring hospital-level variation in the use of dual-chamber ICDs
across the United States. Patients receiving a primary prevention ICD from 2006 through 2009 without a documented indication for a pacemaker were included. Multivariate hierarchical logistic regression was used to explore
patient, health care provider, and physician factors related to the use of a dual-chamber device.
Results: Dual-chamber devices were implanted in 58%
of the 87 115 patients without a pacing indication among
1293 hospitals, with hospital rates ranging from 0% in
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33 centers to 100% in 109 centers. In multivariate analysis, geographic region was a strong independent predictor of dual-chamber device use, ranging from 36.4% in
New England (reference region) to 66.4% in the Pacific
region (odds ratio [OR], 5.25; 95% CI, 3.35-8.21). Hospital clustering was assessed using a median OR which
was 3.96, meaning that 2 identical patients at different
hospitals would have nearly a 4-fold difference in their
chance of receiving a dual-chamber ICD.
Conclusions: Use of dual-chamber ICDs for the primary prevention of sudden cardiac death among patients without an indication for permanent pacing varies markedly at the hospital level in the United States.
This is a clear example of how practice can vary independent of patient factors.

Arch Intern Med. 2012;172(8):634-641

I

MPLANTABLE CARDIOVERTER defibrillators (ICDs) reduce mortality among patients with heart
failure and left ventricular systolic dysfunction.1-3 As a result, the
Center for Medicare and Medicaid Services (CMS) provides coverage for ICDs for
the primary prevention of sudden cardiac
death in selected patients.4 However, because most of the major clinical trials evaluated predominantly single-lead devices,1-3

See Editor’s Note
at end of article
the CMS National Coverage Decision for
ICDs states that “providers must be able to
justify the medical necessity of devices other
than single-lead devices.”5 Dual-chamber
ICDs, devices with a lead in the right atrium
and right ventricle, are clearly indicated in
patients receiving an ICD who also require
pacing for bradyarrhythmias, such as heart
block or symptomatic sinus node dysfunc-
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tion.6 However, a recent study7 found that
among patients undergoing ICD implantation for primary prevention in the United
States and not receiving biventricular ICDs,
nearly two-thirds received dual-chamber
devices.
Dual-chamber devices may provide
benefits for patients who do not have an
indication for pacing.8 However, these postulated benefits have not been established in clinical trials. Enhanced rhythm
detection is a benefit of dual-chamber
ICDs, yet the extent to which this enhancement decreases inappropriate shocks
remains controversial.9-15 Furthermore, although absolute differences are small, dualchamber ICDs are associated with more
frequent periprocedural complications
(3.17% vs 2.11%; P ⬍ .001) and inhospital mortality (0.40% vs 0.23%;
P ⬍ .001). 7 Thus, it remains unclear
whether dual-chamber devices provide net
benefit for patients without an indication
for permanent pacing.
Geographic variability in the use of
dual-lead devices among patients with-
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out a documented indication for permanent pacing is not
well characterized; furthermore, the influences of patient, health care provider, hospital, and regional factors on the use of dual-chamber devices in community
settings across the United States have not been described. Accordingly, this study explored hospital and regional level variation in the use of dual-chamber ICDs
among patients without documented indications for pacing and defined the patient and physician factors associated with dual-chamber ICD placement in the United
States.
METHODS

DATA SOURCES
Data from the National Cardiovascular Data Registry (NCDR)
ICD Registry were used for this analysis.16 Participation in this
registry is mandated by the CMS for reimbursement for all Medicare primary prevention ICDs, and implanting centers are required to enter complete data to receive Medicare reimbursement. However, more than 75% of hospitals report data on all
ICD implantations (irrespective of indication and payer).17 The
registry contains information on patient, health care provider,
and hospital characteristics.

STUDY POPULATION
All patients receiving a first-time ICD for primary prevention
from 2006 and 2009 were included. Patients receiving an ICD
for secondary prevention, including those with a history of syncope, cardiac arrest, or sustained ventricular tachycardia, were
excluded. We also excluded patients with an indication for permanent or biventricular pacing, specifically those with (1) a
QRS interval duration of at least 120 milliseconds because these
patients would be eligible for a biventricular pacer-ICD; (2) documented abnormal sinus node function; (3) second- or thirddegree atrioventricular block; or (4) prior pacemaker implantation. To avoid the influence of low-volume outliers, patients
treated at hospitals where fewer than 20 total ICDs received
implants during the study period were also excluded.

GEOGRAPHIC REGIONS
Two types of regions were used for the analysis. For the multivariate model, the country was divided into 9 regions as defined by the US Census18 (New England, Mid Atlantic, South
Atlantic, Northeast Central, Southeast Central, Northwest Central, Southwest Central, Mountain, and Pacific).
Hospital referral regions (HRRs) were used to explore smaller
regional patterns of use of discretionary dual-chamber ICDs.
A total of 306 different HRRs have been defined in the United
States by the Dartmouth Atlas19 project and are based on referral patterns for tertiary care using major cardiovascular and
neurosurgical procedures from the Medicare claims data. By
using referral patterns to define regions, HRRs approximate a
local culture of practice and are the standard in geographic variation research.20-22

OUTCOME MEASURE AND
PREDICTOR VARIABLES
The primary outcome measure was implantation of a dualchamber ICD. Candidate predictor variables included patient
(demographic and clinical), health care provider, and hospital

characteristics, including the geographic region described in
the previous subsection. The registry contains information on
patient characteristics, including demographics and cardiac history; procedural characteristics, including indications, device
details, diagnostic studies, and complications; and characteristics of the index hospitalization, including other cardiac procedures and discharge medications using standardized data elements and definitions. Hospital characteristics were obtained
from the hospital profile managed by the NCDR and include
address, financing, community area, bed number, teaching status, ICD volume, and presence of an EP laboratory. The registry has also been supplemented with information on health
care provider volume, and certification.23,24 Health care provider certification was determined with the American Board of
Internal Medicine, Society for Thoracic Surgeons, and American College of Surgeons databases to determine physician certification, categorized as electrophysiologist (EP), non-EP, cardiologist, thoracic surgeon, and other.

STATISTICAL ANALYSIS
Patients receiving single-chamber ICDs were compared with
those receiving dual-chamber ICDs, using 2 tests for dichotomous outcomes and t tests for continuous outcomes.
Multivariate hierarchical logistic regression was used to determine the relationship between dual-chamber ICD and patient, health care provider, and hospital characteristics. Hierarchical models were used to account for the clustering of
patients within physicians or hospitals. Physician and hospital clustering could not be accounted for in the same model
because many physicians work in multiple hospitals. Therefore, 2 separate models were constructed, 1 accounting for clustering by physician and 1 for clustering by hospital. All variables in Table 1 were considered as candidates. Backward
selection was used to determine which variables were retained
in the final model (P ⬍.05). Variables in the final model include age (⬍65, 65-75, or ⬎75 years), sex, race/ethnicity (white,
black, Hispanic, other), and select comorbidities (lung disease, atrial fibrillation, diabetes mellitus, and hemodialysis);
health care provider variables included physician specialty
(board-certified EP, fellowship-trained EP, surgeon, or credentialed other); hospital variables included American Heart
Association region and profit type (government, university, or
private).
To determine the proportion of total variance in outcomes
attributable to clustering within physicians or hospitals, we calculated the intraclass correlation (ICC) coefficient before adjustment, after adjusting for patient factors, and after adjusting for patient, health care provider, and hospital factors in the
2 models. If variation could be explained by adjusting for any
of these covariates, then the ICC should decrease as the covariates are added to the model. To further quantify the extent to
which observed variation was due to clustering of patients within
physicians or hospitals, the median odds ratio (MOR) was also
calculated for the 2 models.25 The MORs are always greater than
1, do not have 95% CIs, and are more easily interpretable than
ICCs for examining clustering effects from hierarchical models.26 For example, an MOR of 1.0 would signify no clustering
effects, whereas an MOR of 2.0 would signify that a patient has
2-fold higher odds of receiving a dual-chamber ICD if he or
she went to another randomly selected physician or hospital.
Many consider paroxysmal atrial fibrillation to be an indication for a dual-chamber ICD and permanent atrial fibrillation to be an indication for a single-chamber device.27 Because
we could not distinguish permanent from paroxysmal atrial fibrillation in the registry, we repeated the analysis excluding all
patients with atrial fibrillation. To further assess the robust-
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Table 1. Baseline Characteristics Stratified by Type of Implantable Cardioverter-Defibrillator (ICD)

Characteristic
Demographics
Age, mean (SD), y
Female, No. (%)
Race/ethnicity, No. (%)
White
Black
Hispanic
Other
Comorbidities, No. (%)
Atrial fibrillation/atrial flutter
Cerebrovascular disease
Chronic lung disease
Diabetes mellitus
Hypertension
Renal failure–hemodialysis
Physician characteristics
Physician volume, mean (SD), No.
EP operator ICD training, No. (%)
Board-certified EP
EP fellowship only
Surgery boards
Pediatrics cardiology boards
Credentialed a
Other
Hospital characteristics
Hospital annual volume, mean (SD)
Geographic location, No. (%) b
New England
Mid Atlantic
South Atlantic
Northeast Central
Southeast Central
Northwest Central
Southwest Central
Mountain
Pacific
Profit type, No. (%)
Government
Private/community
University
Community, No. (%)
Rural
Suburban
Urban
Patient beds, mean (SD), No.
Teaching
With EP laboratory

Total
(n = 87 115)

DC ICD
(n = 50 626)

SC ICD
(n = 36 489)

62.81 (13.17)
23 763 (27.28)

64.13 (12.72)
13 410 (26.49)

60.97 (13.55)
10 353 (28.37)

⬍.001
⬍.001

61 382 (70.46)
17 115 (19.65)
5466 (6.27)
3152 (3.62)

36 543 (72.18)
9041 (17.86)
3169 (6.26)
1873 (3.70)

24 839 (68.07)
8074 (22.13)
2297 (6.30)
1279 (3.51)

⬍.001

14 804 (16.99)
10 784 (12.38)
19 561 (22.45)
32 939 (37.81)
66 090 (75.87)
3313 (3.80)

9942 (19.64)
6558 (12.95)
11 835 (23.38)
19 134 (37.79)
39 226 (77.48)
1856 (3.67)

4862 (13.32)
4226 (11.58)
7726 (21.17)
13 805 (37.83)
26 864 (73.62)
1457 (3.99)

⬍.001
.06
⬍.001
.07
⬍.001
⬍.001

54.22 (42.73)

52.89 (40.93)

56.07 (45.03)

⬍.001

60 514 (74.05)
5157 (6.31)
1644 (2.01)
66 (0.08)
8917 (10.91)
5425 (6.64)

34 654 (72.53)
2943 (6.16)
1130 (2.37)
47 (0.10)
5683 (11.89)
3321 (6.95)

25 860 (76.18)
2214 (6.52)
514 (1.51)
19 (0.06)
3234 (9.53)
2104 (6.20)

⬍.001

213.2 (152.9)

210.4 (151.8)

217.1 (154.4)

⬍.001

3449 (3.96)
12 951 (14.88)
20 819 (23.92)
15 734 (18.08)
7867 (9.04)
6479 (7.44)
9571 (11.00)
3518 (4.04)
6649 (7.64)

1254 (2.48)
5887 (11.64)
12 224 (24.17)
9546 (18.87)
4636 (9.17)
4463 (8.82)
5819 (11.50)
2340 (4.63)
4412 (8.72)

2195 (6.02)
7064 (19.38)
8595 (23.58)
6188 (16.97)
3231 (8.86)
2016 (5.53)
3752 (10.29)
1178 (3.23)
2237 (6.14)

⬍.001

1574 (1.81)
72 559 (83.29)
12 982 (14.90)

1091 (2.16)
43 173 (85.28)
6362 (12.57)

483 (1.32)
29 386 (80.53)
6620 (18.14)

⬍.001

8796 (10.10)
23 561 (27.05)
54 758 (62.86)
481.2 (255.4)
48 282 (55.42)
58 634 (67.31)

5107 (10.09)
14 273 (28.19)
31 246 (61.72)
468.0 (249.4)
26 413 (52.17)
34 503 (68.15)

3689 (10.11)
9288 (25.45)
23 512 (64.44)
499.5 (262.4)
21 869 (59.93)
24 131 (66.13)

P Value

⬍.001
⬍.001
⬍.001
⬍.001

Abbreviations: DC, dual-chamber; EP, electrophysiologist; SC, single-chamber.
a Credentialed refers to an alternative pathway for non-EP physicians to be “credentialed” to perform ICD implants. It was strictly voluntary and has
subsequently expired, such that no additional physicians will be characterized as being credentialed through this alternative pathway.
b As defined by the US Census.18

ness of the findings, we repeated the analysis but restricted it
to the Medicare population because this is the population for
which there is complete enrollment in the registry.
Statistical analyses were performed using the SAS statistical package (version 9.2; SAS Institute, Cary, North Carolina)
and STATA 10.0 (StataCorp LP, College Station, Texas). Use
of the NCDR database was approved by the ICD Registry Research and Publications Committee and analysis was approved by the Yale University School of Medicine Human Investigation Committee, New Haven.

RESULTS

From 2006 through 2009, 239 113 first-time primary prevention ICDs were entered in the ICD registry. After excluding 151 665 patients with an indication for a dualchamber device (permanent or biventricular pacing
indication) and 333 patients receiving their ICD at a lowvolume hospital, a total of 87 115 patients were eligible for
a single- or dual-chamber ICD (Figure 1).
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100

Hospitals’ Use of Dual-Chamber ICD, %

239 113 First-time primary prevention ICDs

151 665 Pacing indications (QRS ≥120 sinus
node function not normal; secondor third-degree heart block/paced)

87 448 ICDs in which the choice for a
dual lead is discretionary

333 Hospitals with <20 ICDs

87 115 Patients receiving a primary prevention
ICD without a clear indication for a
dual-lead device

The use of dual-chamber devices occurred in 58% of
the patients (50 626) without pacing indications across
1293 hospitals (Table 1). The proportion of dualchamber devices increased steadily over the study period from 53% in the first quarter of 2006 to 62% in the
fourth quarter of 2009 (P ⬍ .001). The hospital rate of
dual-chamber ICD implantation ranged from 0% to 100%,
with 33 hospitals (3%) exclusively implanting singlechamber ICDs, 109 hospitals (8%) exclusively implanting dual-chamber ICDs, and the remainder (89%) falling in between (Figure 2). The physician implantation
rate ranged from 0% to 100% with 443 (11%) implanting single-chamber ICDs exclusively and 941 (23%) implanting dual-chamber ICDs exclusively, with the remainder falling in between (Figure 3). The lowest
regional rate (by US Census region) of dual-chamber ICD
implantation was 36.4% in New England compared with
66.4% in the Pacific region (odds ratio [OR], 5.25; 95%
CI, 3.35-8.21). Patterns of variation by HRR are shown
in Figure 4. While there seems to be lower use of dualchamber ICDs in the Northeast region, there is otherwise no discernible pattern, with high-use regions appearing immediately adjacent to low-use regions.
Using multivariate hierarchical logistic regression, patients were more likely to receive a dual-chamber ICD if
they were older (65.4% for age ⬎75 years vs 53.5% for
age ⬍65 years; OR, 1.52; 95% CI, 1.46-1.60), had atrial
fibrillation or flutter (66.4% vs 56.3%; OR, 1.66; 95% CI,
1.59-1.73), had hypertension (59.4% vs 54.2%; OR, 1.11;
95% CI, 1.07-1.15) or if their ICD was implanted by a
surgeon (68.7% vs 57.3% for an EP; OR, 1.95; 95% CI,
1.67-2.27). Those less likely to receive a dual-chamber
ICD were black patients (52.8% vs 59.5% for white; OR,
0.81; 95% CI, 0.78-0.85), patients receiving hemodialysis (56.0% vs 58.2%; OR, 0.85; 95% CI, 0.78-0.92), and
patients at academic medical centers (49.0% vs 59.7% for
private or community hospitals; OR, 0.65; 95% CI, 0.490.86) (Table 2).
In unadjusted analysis, the ICC was 0.41. This remained largely unchanged after adjusting for patientlevel factors (ICC = 0.42) and after adjusting for physician- and hospital-level factors (ICC = 0.39). This signifies
that 39% of the variance between hospitals was attribut-
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Figure 2. Percentage of primary prevention patients who received a
discretionary dual-chamber implantable cardioverter-defibrillator (ICD) by
hospital.
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Figure 3. Percentage of primary prevention patients who received a
discretionary dual-chamber implantable cardioverter-defibrillator (ICD) by
physician.

able to clustering within hospitals. The MOR was 3.96,
signifying that a randomly selected patient receiving an
ICD at one hospital would have a nearly 4-fold higher
odds of receiving a dual-chamber ICD than an identical
patient at a different randomly selected hospital in the
sample. Similarly, when the analysis was repeated among
only the Medicare population, the hospital-level MOR was
3.85. When patients with atrial fibrillation were excluded, the hospital-level MOR was 4.51. When the analysis was performed accounting for clustering of use among
physicians (rather than hospitals), the MOR was 4.89,
signifying that a randomly selected patient receiving an
ICD from one physician would have a nearly 5-fold higher
odds of receiving a dual-chamber ICD than an identical
patient at a different randomly selected physician in the
sample.
COMMENT

To our knowledge, this is the first study to document physician, hospital, and regional variation in the use of dualchamber ICDs among those without a pacing indication. The degree of variation is particularly striking, with
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Figure 1. Study sample. ICD, implantable cardioverter-defibrillator;
NCDR, National Cardiovascular Data Registry; QRS, QRS interval duration.
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Figure 4. Proportion of patients receiving a dual-chamber implantable cardioverter-defibrillator by hospital referral region.

some physicians and hospitals implanting a dualchamber device in all of their patients and others implanting them in none. While some patient, health care
provider, and hospital characteristics were associated with
this “discretionary” dual-chamber device use, regional
effects and clustering within hospitals accounted for substantially more variability than these factors. Even after
adjustment for a wide range of patient, health care provider, and hospital characteristics, 39% of the variance
was attributable to clustering within hospitals.
A particularly important contribution of this study is
that it demonstrates that patient characteristics explain
little of the marked regional variability in the use of dualchamber ICDs observed in this study. Research on practice variation using administrative data is often criticized for the inability to account for all the pertinent
patient-level factors.28-30 A unique strength of the ICD Registry is the availability of a broad range of clinical patient characteristics. Interestingly, we found that regional effects far outweighed the influence of the patient
characteristics in influencing the use of dual-chamber
ICDs, demonstrating that patient characteristics generally play a relatively small role in this decision. While patient-level variability may be important in explaining variation in some interventions,29,30 our data add to a larger
body of literature demonstrating that practice varies
markedly for reasons independent of patients’ clinical
characteristics.19-21,31
While physicians presumably drive the decision to
place a single- or dual-chamber ICD, it is unclear why
variability by physician is as great as it is. Our prior work
has demonstrated that physicians’ attitudes and recommendations around primary prevention ICDs do not vary
in relation to ICD use when patients clearly meet the
guideline criteria.32 However, when the evidence is less
clear and the procedure becomes more discretionary, as
among patients who are frail or with a shortened life expectancy, physicians were more likely to recommend a

primary prevention ICD in the higher-use regions. This
is consistent with research demonstrating that regional
variations are more pronounced when decisions are
discretionary.22
If clinical factors traditionally collected in a registry
do not explain the variation in dual-chamber ICD use,
other factors must be considered. The potential factors
that could influence a physician’s behavior are many.33
In regard to financial incentives, while device manufacturers may benefit from the implantation of the more expensive dual-chamber devices, hospitals and physicians
do not directly benefit because neither CPT nor DRG
codes for ICD implantation distinguish between singleand dual-lead ICDs. For nearly half a century, social scientists have argued that opinion leaders and practice
norms are the important contributors to the “diffusion
of innovations” into a health care system.34,35 Perhaps the
variation seen in the use of dual-chamber ICDs is a function of opinion leaders with strong opinions one way or
another. In addition, implicit professional norms or the
practice culture at the hospital level may be central drivers of practice variation.36,37 While the cause of this variation remains unknown, understanding why and how a
procedure such as discretionary dual-chamber ICDs can
vary from 0% to 100% at both the physician and hospital levels remains an important research endeavor.
The literature on the risks and benefits of single- vs
dual-chamber devices is inconclusive. A theoretical benefit of dual-chamber devices is improved rhythm recognition, particularly among those with atrial arrhythmias, with the hope of reducing inappropriate device
therapies. One study randomized patients with dualchamber ICDs to either single- or dual-chamber rhythm
detection and demonstrated that dual-chamber detection led to a reduction in inappropriate detection of atrial
arrhythmias.12 However, while dual-chamber devices improve rhythm recognition, to our knowledge, no study
has demonstrated that these devices reduce inappropri-
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Table 2. Patient, Health Care Provider, and Hospital
Characteristics Associated With Receiving a Discretionary
Dual-Chamber Implantable Cardioverter-Defibrillator
(DC ICD)
% of
Discretionary
DC ICDs

Description
Patient characteristics
Overall
Age, y
⬍65
65-75
⬎75
Female
Race/ethnicity
White
Black
Hispanic
Other
Comorbidities
Atrial fibrillation/atrial flutter
Diabetes mellitus
Hypertension
Hemodialysis
Physician characteristics
Specialty
EP
EP fellowship only
Surgeons
Credentialed b
Hospital characteristics
Region c
New England
Mid Atlantic
South Atlantic
Northeast Central
Southeast Central
Northwest Central
Southwest Central
Mountain
Pacific
Hospital type
Private/community
Government
University

Adjusted OR

58.1
53.5
61.7
65.4
56.4

1 [Reference]
1.35 (1.30-1.40)
1.52 (1.46-1.60)
NA a

59.5
52.8
58.0
59.4

1 [Reference]
0.81 (0.78-0.85)
0.91 (0.84-0.98)
1.01 (0.92-1.11)

67.2
58.1
59.4
56.0

1.66 (1.59-1.73)
0.95 (0.92-0.98)
1.11 (1.07-1.15)
0.85 (0.78-0.92)

57.3
57.1
68.7

1 [Reference]
0.87 (0.80-0.95)
1.95 (1.67-2.27)
0.30 (0.25-0.36)

36.4
45.5
58.7
60.7
58.9
68.9
60.8
66.5
66.4

1 [Reference]
1.60 (1.02-2.52)
2.74 (1.80-4.18)
2.76 (1.81-4.20)
3.01 (1.87-4.86)
5.75 (3.59-9.21)
3.63 (2.33-5.64)
3.67 (2.24-5.99)
5.25 (3.35-8.21)

69.3
59.5
49.0

1 [Reference]
1.07 (0.61-1.89)
0.65 (0.49-0.86)

Abbreviations: EP, electrophysiologist; NA, not available; OR, odds ratio.
a Some variables do not have associated ORs because they were not
associated with the outcome on univariate analyses and were not included in
the final model.
b Credentialed refers to an alternative pathway for non-EP physicians to be
“credentialed” to perform ICD implants. It was strictly voluntary and has
subsequently expired such that no additional physicians will be characterized
as credentialed through this alternative pathway.
c As defined by the US Census.18

ate shocks.10-12 An additional potential benefit of implanting a dual-chamber ICD is avoiding the need for revision if a patient develops an indication for permanent
pacing. One analysis found that dual-chamber ICDs might
be cost-effective at an upgrade rate as low as 5%.38 However, evidence suggests that dual-chamber devices could
result in higher in-hospital complications and death.7 Finally, although trials demonstrated that dual-chamber
ICDs can be safely programmed to pacing strategies that
minimize ventricular pacing, dual-chamber devices offered no additional advantage with regard to incidence

of hospitalization or mortality.14,15 The guidelines do not
specify whether a single- or dual-chamber device should
be implanted in patients without a pacing indication.6 In
sum, there is little definitive evidence to guide clinicians as to whether they should implant a single- or a
dual-chamber device.
We identified patient, clinician, and hospital factors
associated with receipt of a dual-chamber ICD. The finding that older patients are more likely to receive a dualchamber ICD may be directly related to a belief that older
patients are more likely to develop conduction disease.39 The finding that black patients are less likely to
receive a dual-chamber ICD may be due to the fact that
they are often seen at hospitals that do fewer procedures
in general.40 It is unclear why surgeons are more likely
to implant dual-chamber ICDs and academic hospitals
less likely. The marked variability found in the use of dualchamber devices in this study demonstrates the need for
research to define the population who will benefit from
receiving an atrial lead. Furthermore, this analysis highlights how practice varies markedly when the evidence
is inconclusive.22,41 What this report adds is a clear understating of how little patient characteristics contribute to practice variation, thus quieting prior criticisms
of practice variation research.28,30,42 This work has implications beyond ICDs. According to a review of 3000
procedures,43 51% of the interventions performed today
are without clear evidence.
Several issues should be considered when interpreting these findings. First, data in the ICD Registry are selfreported by each of the participating hospitals. Second,
while robust patient and clinical data are collected in the
registry, the decision to implant a dual-chamber device
may at times be justified by factors that were not collected. Third, patient preferences were not included in
this analysis. However, while patient preferences vary from
individual to individual, in aggregate, patient preferences do not vary meaningfully by location.44,45 Finally,
we were not able to assess the long-term effectiveness of
single- vs dual-chamber ICDs.
Use of dual-chamber ICDs in patients without pacing indications varies widely and seems to be unrelated
to patient factors. Research to understand this variation
is needed to produce a deeper understanding of the influences on discretionary decision making, including an
exploration of the hospital culture and norms and the
importance of opinion leaders. Given the lack of clear
data to support the use of one device type over the other,
comparative effectiveness studies designed to inform the
real-world clinical decision making about whether to use
a single- or a dual-chamber ICD accounting for differences in device programming are also essential.
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EDITOR’S NOTE

Dual-Chamber Implantable Cardioverter-Defibrillators
for Nonpacing Indications

D

espite the absence of data to support benefit for
patients receiving a dual-chamber implantable
cardioverter-defibrillator (ICD) compared with
a single-chamber ICD for a nonpacing indication, most
implants are of dual-chamber ICDs. In contrast to the
lack of data for benefit, there are data from multiple randomized and observational trials suggesting increased
harm. A recent National Cardiovascular Data Registry
(NCDR) analysis found that procedural complications,

including in-hospital mortality, were at least 40% greater
for dual-chamber compared with single-chamber devices.
In this issue, in an analysis of NCDR data from 2006 to
2009, Matlock et al found wide geographic variation
with a 4-fold difference in the chance of receiving
dual-chamber ICDs. This varied and widespread use of
dual-chamber devices for nonpacing indications has no
known benefit and definite harms, and is designated as
Less Is More.
Rita F. Redberg, MD, MSc
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