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ABSTRACT

Background: Cardiac arrest due to ventricular arrhythmia in
the absence of a reversible cause or contraindication has been
a class | indication for insertion of an implantable cardioverter
defibrillator since 1998. We compared and contrasted the use
of implantable cardioverter defibrillator therapy in Canada and
the United States among adults who survived a cardiac arrest.

Method: Data on hospital separations from April 1, 1994
through March 31, 2003 were obtained from the Health Per-
son-Oriented Information Database maintained by Statistics
Canada and from the US National Hospital Discharge Survey
on all patients with a primary diagnosis of cardiac arrest,
ventricular fibrillation or ventricular flutter for the same o-
year period. We excluded all records of patients with a sec-
ondary diagnosis of acute myocardial infarction.

Results: In Canada, 3793 patients survived to discharge af-
ter a cardiac arrest; 628 (16.6%) of these were implanted
with a cardioverter defibrillator before discharge. The im-
plant rate rose steadily from 5.4% in 1994/95 to 26.7% in
2002/03. In the United States, 23 688 (30.2%) of 78 538 such
survivors received an implantable cardioverter defibrillator
before discharge. Logistic regression analysis indicated that
sex, age, fiscal year, the hospital’s teaching status, hospital
size and patient history of heart failure were positive predic-
tors of implantable cardioverter defibrillator implantation.
Age, renal failure, liver failure and cancer were negative pre-
dictors of receiving an implantable cardioverter defibrillator.

Interpretation: The rate of use of implantable cardioverter
defibrillator therapy for cardiac arrest survivors in Canada is
increasing, but still is lower than the rate in the United States.
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udden cardiac death is the second-leading cause of
S death in the United States, with over 400 ooo deaths

annually>? (comparable data for Canada are unavail-
able). Most such sudden deaths are from ventricular fibrilla-
tion secondary to coronary artery disease;® primary ventricu-
lar arrhythmias, bradycardia, asystole and pulseless electrical
activity are the other broad mechanisms. Studies*® pub-
lished prior to the major trials’ of implantable cardioverter
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defibrillators showed that survivors of sudden cardiac arrest
are at high risk of another episode within a few years; over
half of the deaths that result are due to recurrences.

There have been 3 large randomized studies that com-
pared cardioverter defibrillator implantation with the best
known medical therapy, in patients surviving sudden car-
diac death.” The largest of these was the Antiarrhythmics
Versus Implantable Defibrillators (AVID) trial, reported in
1997,” which at 1 year found a relative reduction in deaths
of 39%; the other studies®® showed similar results. A meta-
analysis™ of all 3 studies indicated that implantable car-
dioverter defibrillators reduced the relative risk of recurrent
sudden cardiac death by 50% (95% confidence interval [CI]
0.37%—-0.67%) and death from any cause by 28% (95% CI
0.60%-0.87%). Since 1998, the guidelines of the American
College of Cardiology and the American Heart Association
have recommended that a “cardiac arrest due to ventricular
fibrillation or ventricular tachycardia not due to a transient
or reversible cause is a class 1 indication for an implantable
cardioverter defibrillator.”** The Canadian guidelines, first
published in 2000, are similar.** Previous data from Onta-
rio have revealed a low rate of cardioverter defibrillator im-
plantation (12.8%) after an out-of-hospital cardiac arrest.*?
The aims of our study were 3-fold: to examine temporal
trends of cardioverter defibrillator implantation in Canada
during periods before and after publication of the related
trials and guidelines; to compare implant rates in Canada
with those in the United States; and to examine in detail the
factors influencing implantation in Canada.

Methods

Study population

We obtained data on all Canadian and US patients with a pri-
mary diagnosis of cardiac arrest, ventricular fibrillation or
ventricular flutter and not also having a diagnosis of myocar-
dial infarction who survived to be discharged from hospital
for the period April 1, 1994 through March 31, 2003. Data
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from patients with a primary diagnosis of ventricular tachy-
cardia were not included for analysis because the data sources
do not contain detail sufficient to adequately assess each pa-
tient’s suitability for cardioverter defibrillator implantation.

Medical data were coded according to the International
Classification of Diseases (ICD).**° All diagnostic and pro-
cedure codes examined in this article were unchanged over
the g-year study period; they are listed, respectively, in Appen-
dix 1 and Appendix 2 (available at www.cmaj.ca/cgi/content
[full/177/1/41/DC1).

Canadian data source
Data on hospital separations for the study period were ob-
tained from the Health Person-Oriented Information data-
base maintained by Statistics Canada. This database tracks
patients from admission until in-hospital death or final dis-
charge (including transfers between acute-care hospitals).
For each patient, a primary diagnosis and up to 16 secondary
diagnoses were abstracted. Medical data were coded accord-
ing to the ICD’s gth revision (ICD-g)** or the 1oth revision en-
hanced for Canada (ICD-10-CA).** Health Person-Oriented
Information data are derived from the Discharge Abstracts
Data set maintained by the Canadian Institute for Health In-
formation. In 2002/03, the discrepancy rates'” between initial
abstraction and subsequent audit for demographic data was
0.2%; for intervention codes, less than 1.0%; and for major
clinical category, 4.2%. Since the database does not track in-
terprovincial transfers, data were not extracted for provinces
and territories that lacked implanting capacity for the device
during any part of the study period. Thus, data from Yukon,
Nunavut, the Northwest Territories, Newfoundland, New
Brunswick and Prince Edward Island were excluded.

The database tracks patients between hospitals until in-
hospital death or final discharge; data on patients’ disposi-
tion at discharge were unavailable for some years within the

study period. We examined overall survival and the implanta-
tion rates of cardioverter defibrillators among survivors. Un-
like other provinces, British Columbia records preadmission
deaths as admissions to hospital; BC was therefore excluded
from the initial analysis of survival until hospital discharge.
Data from surviving BC patients were then included in all
subsequent analyses.

US data source

The National Hospital Discharge Survey has been conducted
continuously by the National Center for Health Statistics
since 1965."* This survey continues to be the principal source
for national data on the characteristics of patients discharged
from nonfederal short-stay hospitals in the United States. Its
3-stage probability design involves sampling within geogra-
phic areas, then hospitals within these areas and, finally, the
discharges at individual hospitals. Available data relating to
the personal characteristics of a patient include birth date
(converted to age), sex, race, ethnicity, marital status, US Pos-
tal Service zip code and expected sources of payment of pa-
tients’ medical expenses, as well as administrative items such
as admission and discharge dates, type and source of admis-
sion, and status at discharge. Medical information about each
patient (up to 7 diagnoses and up to 4 procedures) is coded
according to ICD-9-CM (clinical modification).*

Because of the complex multistage design of the National
Hospital Discharge Survey, the data must be weighted to pro-
duce national estimates; the estimation procedure produces
national estimates that are unbiased." Estimates of the sam-
pling variability that occurs by chance are provided by approx-
imate relative standard errors. Details of the calculation of the
estimates are provided elsewhere.*®

The US National Center for Health Statistics produces a
multiyear file of the survey’s discharge and weight data, rela-
tive standard error tables and census population estimates.

Table 1: Baseline demographics of 3793 Canadian patients admitted with cardiac arrest and surviving to

hospital discharge, by sex

Number of patients (%)*

Risk difference,

Men Women All men v. women,

Characteristic n = 2482 n=1311 n=3793 % (95% CI) p
Age, mean (SD), yr 64.3 (15.5) 65.8 (17.6) 64.9 (16.2) 0.007
Liver failure 22 (0.9) 9 (0.6) 31 (0.8) 0.3 (-0.3 to 0.9) 0.30
Renal failure 193 (7.8) 99 (7.6) 292 (7.7) 0.2 (-1.6 to 2.0) 0.80
Heart failure 703 (28.3) 356 (27.2) 1059 (27.9) 1.1 (-1.9 to 4.1) 0.49
Acute myocardial infarction 117 (4.7) 42 (3.2) 159 (4.2) 1.5 (0.2 to 2.8) 0.027
Neurologic disability 335 (13.5) 145 (11.1) 480 (12.6) 2.4 (0.2 to 4.6) 0.041
Neoplasm 67 (2.7) 32 (2.4) 99 (2.6) 0.3 (-0.7 to 1.3) 0.64
Admitting hospital

Teaching hospital 774 (31.2) 334 (25.5) 1108 (29.2) 5.7 (2.7t08.7) <0.001

With > 100 beds 2231 (89.9) 1130 (86.1) 3361 (88.6) 3.8 (1.6t06.0) <0.001
Urban residence 2018 (81.3) 1018 (77.7) 3036 (80.0) 3.6 (0.91t06.3) 0.010

Note: Cl = confidence interval, SD = standard deviation.
*Unless otherwise indicated.
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An ongoing quality-control program recodes 5%-10% of the
data independently, with discrepancies resolved by the chief
survey coder. In 2002, for example, overall error rates for me-
dical coding and other data entry were less than 0.1%.*
Moreover, the quality of the National Hospital Discharge Sur-
vey has been shown to be very good in independent validation
studies®>** and its data have been used in multiple publica-
tions.”* In its files for public use, however, information on
the sampling variability of the survey’s complex multistage
design is insufficient to permit logistic regression modelling.

Statistical analysis and ethics approval
The Z-test was used to test simple relationships between con-
tinuous measures and receipt of a cardioverter defibrillator
implant, and the population proportions test for categorical
measures (presented as percentages). Logistic regression was
used to create a multivariable model with odds ratios and
confidence intervals by sex, admitting hospital size (= 100 v.
< 100 beds), teaching status of the admitting hospital (teach-
ing or nonteaching), patient residence (rural or nonrural, de-
cided via patients’ postal codes) and comorbidities (Appendix
2, available at www.cmaj.ca/cgi/content/full/177/1/41/DCr).
Stepwise selection methods were used to identify the statis-
tically significant independent predictors of cardioverter
defibrillator implantation. All 2-way interactions in the main
effects model were considered and included in the model by
means of stepwise selection. The Hosmer and Lemeshow
goodness-of-fit test was used to evaluate the model. All tests
used p < o.05 to indicate statistical significance.

The study was approved by the ethics board of the Univer-
sity of Ottawa Heart Institute.

Results

Canadian outcomes

In the year 2000, the total estimated population of the 7 prov-
inces included in our analysis was 29 260 o050; that of the ex-
cluded provinces and territories was 1 530 784. There were
9699 hospital admissions with a primary diagnosis of cardiac
arrest, ventricular fibrillation or ventricular flutter in the 6
provinces (i.e., excluding BC as well). Hence, the prevalence
in 2000 of patients who experienced an out-of-hospital car-
diac arrest and survived to hospital admission was 3.8 per
100 000 population. Of these 969q patients, 1537 (15.8%) had
a secondary diagnosis of myocardial infarction and were ex-
cluded from further analysis. There was no significant change
in the annual percentage of patients excluded because of a
secondary diagnosis of myocardial infarction; for example,
14.6% of patients were excluded in 1993/94, compared with
15.8% in 2002/03.

Of the 8162 eligible patients, 3256 (39.9%) survived to be
discharged from hospital, a survival rate that varied little over
the study period. Corresponding data from British Columbia
(i.e., on 537 patients who survived until discharge) were then
added, making a total of 3793 patients who survived until dis-
charge. Of these survivors, 628 (16.6%) received an implanta-
ble cardioverter defibrillator before hospital discharge. Pa-
tients’ demographics at baseline are shown, stratified by sex,
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in Table 1; device implantation rates, stratified by year and age
group, are shown in Appendix 3 (available at www.cmaj.ca
[cgi/content/full/T77/1/41/DC2). Implantation rates were rela-
tively similar across age groups less than 70 years (20%-—
29%), but declined to 12.0% in the 70-79 year age group and
even less (2.7%) in patients aged over 8o years. Figure 1,
which graphs the annual rates in Canada and the United
States, reveals that cardioverter defibrillator implant rates
have progressively increased in both countries, and that the
US rate, recently, was at least twice that in Canada. Univariate
predictors of device implantation in Canada are shown in Fig-
ure 2, along with details of logistic regression analysis to
show the independent predictors of receiving an implantable
cardioverter defibrillator. Independent predictors were age,
sex, teaching status and size of the admitting hospital, year
and comorbidity. Figure 3 shows Canadian implant rates by
year, stratified by sex.

When we repeated the entire analysis after excluding an ad-
ditional 414 patients with concomitant diagnoses of another
potentially reversible cause of cardiac arrest (acute myocardial
ischemia, hypokalemia, hyperkalemia or drug reaction), the
results were similar to those presented (data not shown).

US outcomes

Data were drawn from the entire US population, estimated at
274 634 ooo from census data gathered in 2000.>* Between April
1994 and March 2003, an estimated 182 058 patients without
myocardial infarction were admitted with cardiac arrest; 78 538
(43.1%) survived until discharge. Among 75 538 survivors dis-
charged home, 23 688 (30.2%) received an implantable car-
dioverter defibrillator during their stay. Figure 1 compares the
temporal pattern of device implantation with that of Canada.
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Figure 1: Cardioverter defibrillator implant rates in survivors of
out-of-hospital cardiac arrest in the United States and Canada.
Data points centre on fiscal years, which end on March 31. Verti-
cal lines indicate the publication of major secondary-prevention
trials and guidelines, as follows. AVID = Antiarrhythmics Versus
Implantable Defibrillators trial,” published November 1997:
N Engl ] Med 1997;337:1576. ACC-AHA = American College of
Cardiology—American Heart Association guidelines,'' April 1998:
J Am Coll Cardiol 1998;31:1175. CIDS = Canadian Implantable
Defibrillator Study,® March 2000: Circulation 2000;101:1297.
CASH = Cardiac Arrest Hamburg Study,” August 2000: Circula-
tion 2000;102:748.
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Interpretation

The main findings of the study are that implantation rates for
implantable cardioverter defibrillators after out-of-hospital
cardiac arrests in Canada are increasing (26.7% in 2002/03)
but are still behind those in the United States (42.0% in the
same fiscal year). However, we also found a significant sex
disparity in implantation rates (male patients were twice as
likely as female patients to receive an implantable cardio-
verter defibrillator) and evidence of issues with care access,
knowledge translation and guideline penetration: patients
initially admitted to a teaching hospital were almost 3 times
as likely to receive an implantable cardioverter defibrillator as
those admitted to a nonteaching hospital (Figure 2).

The appropriate rate of cardioverter defibrillator implanta-
tion after surviving a cardiac arrest is unclear. Some patients
will have had a cardiac arrest unrelated to ventricular arrhyth-
mia. About 5% of patients will have major neurologic impair-
ment after their arrest;** some patients will have clinically im-
portant comorbidity or terminal illness; and in some patients,
the ventricular arrhythmia causing the arrest will be clearly
related to a reversible cause. (For example, patients with acute
myocardial infarction causing their cardiac arrest do not re-
quire an implanted cardioverter defibrillator. Therefore, we ex-
cluded such patients in our study.) Perhaps the best available
contemporary data are from a study*® involving 200 patients in
a single US county who experienced an out-of-hospital cardiac

arrest between 1990 and 2001. Of these, 84 patients survived
until hospital discharge, of whom 35 (42%) received an im-
plantable cardioverter defibrillator. Even this implant rate may
be an underestimate, because many of the patients in this
study had their arrest before publication of the large trials of
implantable cardioverter defibrillators.”® Our data showed
that US implantation rates of cardioverter defibrillators are
consistently higher than in Canada (lately, more than double
our rate: Figure 1); data for revascularization procedures have
shown a similar trend.*”*® Although it is possible that the gap
between the countries in part reflects overuse of implantable
cardioverter defibrillators in the United States, an analysis* of
the US Medicare database suggested that they were actually
underutilized.

Differences in cardiac care according to sex have been des-
cribed for 20 years; most of the previous data related to the
management of coronary artery disease.**>* We show clear
evidence of a sex differential in access to implantable cardio-
verter defibrillator therapy for the secondary prevention of
sudden cardiac death. Two previous studies*>** were under-
powered to detect a sex difference. A third** did find evidence
of a sex gap in the United States but suggested that the gap
had closed by 2000. A number of explanations for our find-
ings are possible: perhaps there are some additional con-
founding factors that make male survivors of sudden cardiac
death different from female survivors; perhaps women de-
cline cardioverter defibrillator implantation more often than

0Odds ratio (95% confidence interval)

<— Favours no device Favours implant —>»

Variable Unadjusted Adjusted -
0Odds ratios

Neoplasm 0.082 (0.02-0.335)  0.066 (0.009-0.48) | —B— Unadjusted

Adjusted

Renal failure 0.639 (0.461-0.886) 0.5 (0.34-0.74)

Liver failure 0.736 (0.286-1.894)  0.21 (0.05-0.91)

Age 0.77 (0.736:0.805) 0.76  (0.72-0.8)

Fiscal year 1.234 (1.1921.277) 125 (1.2-1.3)

Heart failure 1.641 (1.386-1.943)  1.75 (1.43-2.14) =

Male sex 1.998 (1.659-2.406)  1.99 (1.61-2.47) -

Teaching hospital ~ 3.165 (2.685-3.732)  3.15 (1.89-5.26) L

> 100 beds 5.468 (3.429-8.717)  2.91 (2.4-3.52) P

0.1

10

Figure 2: Odds ratios, both unadjusted and adjusted for all variables in the model, for predictors of cardioverter defibrillator implanta-
tion in Canadian survivors of out-of-hospital cardiac arrest. All other variables considered for the model, including presence of acute

myocardial ischemia, were not predictive for use of this therapy.
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men do; and perhaps a sex bias exists in referrals. However, it
is clear that male and female patients with implants have sim-
ilar rates of appropriate therapy from the device.?***

We also found evidence of a major gap in the use of these
devices depending on the status of the admitting hospital: pa-
tients initially admitted to a teaching hospital were 2.91 times
likelier to receive an implantable cardioverter defibrillator as
those admitted to a nonteaching hospital. There is probably
more than 1 reason for this. Knowledge translation is likely to
be a key factor.® Availability of electrophysiologists and im-
planting centres may be an issue, since countries with more
electrophysiologists and cardioverter defibrillator implanting
centres (such as the United States and Germany) have higher
implantation rates than countries with lower levels of service
(e.g., the United Kingdom, Canada and France).* Some phy-
sicians may also be concerned about the cost of the technolo-
gy, although implantable cardioverter defibrillators have been
shown to be moderately cost-effective for secondary preven-
tion of death (US$67 ooo per life-year gained).*

This study has several limitations. The validity of the data
depends on the appropriate use of codes at the time of hospi-
tal discharge. In the United States, internal audits of the Na-
tional Hospital Discharge Survey and previous studies®***
have indicated that the validity of its data is acceptable. The
discrepancy rate for the Canadian database is higher than that
reported for the US discharge survey. No data exist on the dis-
crepancy rates of the medical codes used in our study (we
speculate that the discrepancy rates for the relatively unequiv-
ocal primary codes in our study would be less). Because clini-
cal information from administrative databases may be incom-
plete, we may not have controlled for all confounders. Finally,
it is not possible to check for consistency of coding between
the Canadian and US databases. Since the coding processes
are very similar, however, we do not anticipate that this would
lead to a bias of any consequence to the results.

Despite the limitations noted, we believe that this is the
most comprehensive population-based study of implantable
cardioverter defibrillator utilization in survivors of out-of-
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Figure 3: Cardioverter defibrillator implant rates in male and
female survivors of out-of-hospital cardiac arrest in Canada by
year, 1994—2003. (Data points centre on fiscal years, which end
on March 31.)
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hospital cardiac arrest. We found that implant rates in Can-
ada are increasing but are still substantially behind those in
the United States. There was evidence of a significant sex dis-
parity in cardioverter defibrillator implantation as well as a
major issue in care access, knowledge translation and guide-
line penetration. Further investigation is required to identify
reasons for these several gaps in care and to devise and imple-
ment strategies to address them.
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