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Objective. To report the 2002-2004 findings of the
Spanish National Implantable Cardioverter-Defibrillator
(ICD) Registry, established by the Spanish Society of
Cardiology Working Group on Implantable Cardioverter-
Defibrillators.

Material and method. Data were collected prospecti-
vely after implantation using a single-page questionnaire
returned to the Spanish Society of Cardiology. Participa-
tion was voluntary.

Results. The registry received reports on 925, 1,046
and 1414 implants, respectively, in the years 2002, 2003
and 2004. These figures represent 63%, 59%, and
67.5%, respectively, of the total number of ICDs implan-
ted. The reported implantation rates were 22, 24, and 33
per million, respectively, and the estimated total implanta-
tion rates were 35, 41, and 49, per million, respectively.
The number of device replacements increased from 20%
to 30% between 2002 and 2004. The majority of patients
were male, their median age was 66 years, they had se-
vere or moderate left ventricular dysfunction, and they
were in functional class | or Il. The most common under-
lying heart disease was ischemic heart disease. The main
indications for an ICD were sustained monomorphic ven-
tricular tachycardia and aborted sudden cardiac death,
though the number of prophylactic indications has increa-
sed. Most ICDs were implanted in an electrophysiology
laboratory by a cardiac electrophysiologist. The implanta-
tion rates of dual-chamber ICDs and ICDs with cardiac
resynchronization therapy were approximately 30% and
15%, respectively. Very few complications occurred du-
ring implantation.

Conclusions. The Spanish National ICD Registry con-
tains a representative sample of ICD implantations perfor-
med in the country. The registry is one of the largest re-
ported.
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Registro Espaiol de Desfibrilador Automatico
Implantable. Primer Informe Oficial del Grupo
de Trabajo de Desfibrilador Implantable

de la Sociedad Espafola de Cardiologia
(ahos 2002-2004)

Obijetivo. Se presentan los resultados del Registro Na-
cional de Desfibrilador Automatico Implantable (DAI) en
el periodo 2002-2004 elaborado por el Grupo de Trabajo
de Desfibrilador Automatico Implantable de la Sociedad
Espafiola de Cardiologia.

Material y método. Se elaboré una hoja de recogida
de datos que fue cumplimentada prospectivamente y de
forma voluntaria por cada equipo implantador y enviada a
la Sociedad Espanola de Cardiologia.

Resultados. El niumero de implantes comunicados fue
de 925, 1.046 y 1.414 en los afios 2002, 2003 y 2004
que representan el 63, el 59 y el 67,5% del total estima-
do de implantes, respectivamente. El nimero de implan-
tes por millén de habitantes comunicados fue de 22, 24 y
33y el estimado de 35, 41 y 49. El nimero de recambios
aumento del 20 al 30% entre 2002 y 2004. La mayor par-
te de los DAI se implanté en varones con 66 afios de
edad mediana, disfuncién ventricular izquierda modera-
da o severa y en clase funcional Il o I. La cardiopatia
mas frecuente fue la isquémica. Las principales indica-
ciones fueron taquicardia ventricular monomorfica soste-
nida y muerte subita abortada, con un numero creciente
de indicaciones profilacticas. Cada vez se realizan mas
implantes en el laboratorio de electrofisiologia y por elec-
trofisidlogos. La proporcién de DAI bicamerales se apro-
xima al 30% y la de DAI con resincronizacion al 15%. La
incidencia de complicaciones durante el implante fue
muy baja.

Conclusiones. El Registro Nacional de DAI recoge
una muestra representativa de los implantes de DAI que
se llevan a cabo en nuestro pais y una de las mayores
publicadas.

Palabras clave: Desfibrilador. Registro. Arritmia.
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ABBREVIATIONS

LVEF: left ventricular ejection fraction.

GT-DAI: Working Group on Implantable
Cardioverter-Defibrillators.

ICD: implantable cardioverter-defibrillator.

SEC: Spanish Society of Cardiology.

SMVT: sustained monomorphic ventricular
tachycardia.

INTRODUCTION

Implantable cardioverter-defibrillators (ICDs) have
become a well-established therapeutic option for
secondary prevention in patients with malignant
ventricular arrhythmias. The number of indications in
primary prevention in patients at risk of arrhythmias
has also increased.'!°

Several  scientific  societies  have  published
recommendations for the indications for these devices and
the resources needed for this therapeutic option.'-'4
However, little information is available on the actual use
and indications of these devices either in Spain or
internationally.!>23

Health registries are a valuable source of information
for assessing the day-to-day reality of clinical practice
and the actual outcomes of applying the findings of large
multicenter studies and clinical guidelines.’** In 1996,
the first National ICD Registry was set up in Spain, and
the findings were published in 1997." In 2001, the
Working  Group on Implantable Cardioverter-
Defibrillators (abbreviated to GT-DAI in Spanish) was set
up within the Electrophysiology and Arrhythmias
Working Group of the Spanish Society of Cardiology
(SEC). One of the main aims was to set up the SEC’s
National ICD Registry. This publication of the GT-DAI
presents the data of ICD implantations reported to the
Registry in the 3 years spanning 2002 to 2004 and covers
the majority of centers that implant ICDs in Spain.

MATERIALS AND METHOD

Data for the Registry were collected prospectively. A
questionnaire was drawn up, and the final version was
approved by the members of the Electrophysiology and
Arrhythmias Working Group (Annex). The questionnaire,
which is available on the web page of this Working
Group (www.arritmias.org), was sent to arrhythmia units
in Spain, the members of the Working Group, and the
companies that market ICDs in Spain.
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The questionnaire was filled in directly and
voluntarily by each implant team during or after ICD
implantation, and sent by fax or e-mail to the SEC.

The SEC collaborated in creating the database and
in data entry. Data were checked for consistency by a
SEC computer technician and a member of the GT-
DAL Previous and current board members of the GT-
DALI were responsible for data analysis and publication
of the findings.

Population data for calculation of rates per million
inhabitants, for the all of Spain and for Spanish
autonomous regions and provinces, were obtained from
estimates made for the years 2002, 2003, and 2004 by the
National Institute of Statistics (Www.ine.es).

The GT-DAI board requested information on the total
number of ICDs implanted in 2002, 2003, and 2004 from
the companies that market ICDs in Spain in order to
determine how many of the ICD implantations done in
Spain were reported to the Registry and in turn to give an
indication of how representative the Registry is. Thus, the
total number of implants and the number of implants
reported to the Registry allowed the calculation of a
correction factor which was used to estimate the overall
numbers of implants by autonomous region and province.

Statistical Analysis

Numerical results were expressed as meanszstandard
deviation for variables with a normal distribution, and as
medians and interquartile ranges for wvariables not
normally distributed. Qualitative variables were compared
with the 2 test and quantitative variables by analysis of
variance. The relationship between quantitative variables
was analyzed with a linear regression model. Statistical
significance was set at P<.05.

RESULTS

The proportion of the questionnaire fields were filled
out was high, and this proportion remained stable
throughout the 3 years, ranging from 83% to 97% for the
main variables of the Registry.

Implant Centers

In 2002, 72 centers that performed ICD implantations
reported data to the Registry, compared to 78 in 2003,
and 80 in 2004 (Table 1). Most centers were in the public
health sector (58 in 2002, 61 in 2003, and 68 in 2004).
Table 2 shows the number of public hospitals per million
inhabitants that performed ICD implantation in each
autonomous region.

Total Number of Implantations

The total number of implantation procedures (initial
implants and replacements) reported to the Registry
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TABLE 1. Hospitals That Have Returned
Questionnaires to the National ICD Registry from
2002 to 2004, by Autonomous Region

Andalusia
Almeria Hospital Torrecardenas
Cadiz Hospital Universitario Puerta del Mar
Cordoba Hospital Universitario Reina Sofia
Granada Hospital Universitario Virgen de las Nieves
Huelva Hospital General Juan Ramén Jiménez
Jaén Hospital Universitario Princesa de Espafia
Malaga Hospital Universitario Virgen de la Victoria

Clinica Parque San Antonio

Complejo Hospitalario Carlos Haya
Seville Hospital Universitario Virgen del Rocio

Hospital Universitario Virgen Macarena

Hospital Nuestra Sefiora de Valme

Clinica Sagrado Corazon

Clinica Esperanza de Triana

Aragon
Zaragoza Hospital Clinico Universitario Lozano Blesa
Hospital Miguel Servet
Clinica Médico-Quirargica Montpelier
Asturias
Oviedo Hospital Central de Asturias
Balearics

Palma de Mallorca Hospital Son Dureta
Policlinica Miramar
Clinica Rotger Sanitaria Balear, S.A.
Hospital Son Llatzer

Canaries

Las Palmas Hospital Insular de Gran Canaria
Hospital Dr. Negrin
Clinica San Roque, S.A.

Tenerife Hospital Nuestra Sefiora de la Candelaria
Hospital Universitario de Canarias

Cantabria
Santander Hospital Universitario Marqués de Valdecilla
Castile-La Mancha
Toledo Hospital Virgen de la Salud
Guadalajara Hospital General Universitario de Guadalajara
Albacete Hospital General de Albacete
Valladolid Hospital Clinico Universitario de Valladolid
Hospital Del Rio Hortega
Hospital Comarcal de Medina
del Campo
Sanatorio Virgen de la Salud
Hospital Campo Grande
Castile-Leon
Leon Hospital de Ledn
Salamanca Hospital Universitario de Salamanca
Avila Hospital Nuestra Sefiora de Sonsoles
Segovia Hospital Policlinico
Burgos Hospital General Yagiie
Soria Hospital General de Soria
Catalonia
Barcelona Hospital Clinic
Hospital Vall d’Hebron
Hospital de Bellvitge
Hospital de la Santa Creu i Sant Pau
Hospital del Mar
Hospital Germans Trias i Pujol
Clinica Quirdn
Hospital de Barcelona
Centro Médico Tecknon
Centre Cardiovascular Sant Jordi. S.A.
Tarragona Hospital de Sant Pau i Santa Tecla

89

Peinado R, et al. Spanish ICD Registry. First Official Report (2002-2004)

TABLA 1. (Continued)

Community of Valencia

Valencia

Alicante

Castellén
Extremadura
Badajoz

Galicia
La Corufia

Pontevedra

Lugo
Madrid
Madrid

Murcia
Murcia

Navarre
Pamplona

Basque Gountry
Vitoria
Bilbao

San Sebastian

Hospital Clinico Universitario de Valencia
Hospital General Universitario de Valencia
Hospital Universitario La Fe

Hospital Doctor Peset

Hospital Lluis Alcanyis

Grupo Hospitalario Quirén

Hospital General Universitario de Alicante
Clinica Benidorm

Hospital General de Castell6

Hospital Infanta Cristina
Hospital de Mérida
Clideba

Hospital Juan Canalejo

Complejo Hospitalario Universitario
de Santiago

Hospital Xeral de Galicia

Complejo Hospitalario Xeral Cies
Hospital Do Meixoeiro

Hospital Xeral de Lugo

Hospital Universitario Gregorio Marafion
Hospital Universitario Ramén y Cajal
Hospital Universitario 12 de Octubre
Hospital Universitario La Paz

Clinica Puerta de Hierro

Fundacién Jiménez Diaz

Hospital Clinico de San Carlos
Clinica Moncloa

Hospital Central de la Defensa
Hospital Universitario de Getafe
Fundacién Hospital Alcorcén
Hospital Severo Ochoa

Clinica Nuestra Sefiora de América
Clinica La Luz

Clinica Ruber, S.A.

Hospital de Madrid-Monteprincipe
Hospital Ruber Internacional
Sanatorio Nuestra Sefiora del Rosario
Hospital de Fuenlabrada

Hospital de La Zarzuela

Clinica San Camilo

Hospital Universitario Virgen de la Arrixaca
Hospital Los Arcos

Clinica Universitaria de Navarra
Hospital de Navarra

Hospital Txagorritxu
Hospital de Basurto
Hospital de Cruces
Hospital Donostia

increased progressively over the 3 years. Thus, ICDs
were implanted in 925 patients in 2002, 1046 in 2003,
and 1414 in 2004. Given that the estimated total
number of implants in these years was 1477, 1778,
and 2097, respectively, reports reaching the Registry
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TABLE 2. Number of Public Hospitals Implanting
Devices (per Million Inhabitants in Parenthesis)
by Autonomous Region in 2004

Autonomous Region 2004

Andalusia 10
Aragon

Asturias

Balearics

Canaries

Cantabria

Castile-La Mancha
Castile-Leon

Catalonia

Community of Valencia
Extremadura

Galicia

Madrid

Murcia

Navarre

Basque Country

Total Spain
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represented 63%, 59%, and 67.5%, respectively, of the
total number of ICDs implanted in Spain.

The total number of implantations per million
inhabitants reported to the Registry was 22 in 2002, 24
in 2003, and 33 in 2004. The estimated total number of
implants per million inhabitants was 35, 41, and 49,
respectively (Tables 3 and 4). There was no significant
correlation between the number of hospitals performing

ICD implants and the number of ICDs implanted per
million inhabitants (*=0.21; P=.07).

Most implantations took place in public hospitals,
which accounted for 894 procedures in 2002, 1009 in
2003, and 1386 in 2004, corresponding to 96%, 98%,
and 98%, respectively, of the total number of
procedures reported to the Registry.

Initial Implants Versus Replacements

The number of initial implants was 691 in 2002, 702
in 2003, and 945 in 2004, which represented 80%,
71%, and 70%, respectively, of all procedures reported
to the Registry. The number of initial implants per
million inhabitants reported to the Registry was 18 in
2002, 17 in 2003, and 23 in 2004, and the estimated
number of initial implants in the same years was 28,
29, and 34, respectively. The number of replacements
done was 174 in 2002 (20%), 284 in 2003 (29%), and
378 in 2004 (30%).

Age and Sex

The median age of patients receiving an ICD was 66
years (interquartile range, 54-72 years; range, 1-86
years) in 2002, 66 years (interquartile range, 54-73
years; range, 4-85 years) in 2003, and 65 years
(interquartile range, 54-66 years; range, 10-85 years)
in 2004. The sex of the recipient was predominantly
male—87% in 2002, 85% in 2003, and 86% in 2004.
Similar age and sex distributions were reported for
initial implants.

TABLE 3. Number of Implantations Done by Autonomous Region and Reported to the Registry and Number

of Implantations per Million Inhabitants*

Autonomous Region 2002 No.x10¢ 2003 No.x10¢ 2004 No.x10¢
Andalusia 129 (204) 17 (27) 109 (185) 14 (24) 226 (335) 29 (44)
Aragon 33 (52) 27 (43) 51 (87) 41 (70) 63 (93) 50 (74)
Asturias 9 (14) 8 (13) 23 (39) 21 (36) 25 (37) 23 (35)
Balearics 5 (8) 5(8) 30 (51) 32 (54) 27 (40) 28 (42)
Canaries 37 (59) 20 (32) 27 (46) 14 (24) 54 (80) 28 (42)
Cantabria 17 (27) 31 (49) 19(32) 35 (60) 34 (50) 61 (91)
Castile-La Mancha 18 (28) 10 (16) 31 (53) 17 (29) 31 (56) 17 (25)
Castile-Leon 62 (98) 25 (40) 63 (107) 25 (43) 107 (159) 43 (64)
Catalonia 172 (272) 26 (41) 181 (307) 27 (46) 199 (295) 29 (43)
Community of Valencia 37 (59) 9 (14) 76 (129) 17 (29) 88 (131) 19 (29)
Extremadura 1(2) 1(2) 6 (10) 6 (10) 15 (22) 14 (21)
Galicia 53 (84) 19 (30) 55 (94) 20 (34) 88 (131) 32 (47)
Madrid 242 (383) 44 (70) 274 (466) 48 (82) 285 (423) 49 (73)
Murcia 25 (40) 20 (32) 13 (22) 10 (17) 17 (25) 13 (19)
Navarre 10 (16) 18 (28) 17 (29) 29 (49) 28 (42) 48 (71)
Basque Country 43 (68) 20 (32) 47 (80) 22 (37) 98 (145) 46 (69)
Total Spain 925 (1.477) 22 (35) 1046 (1778) 24 (41) 1414 (2097) 33 (49)

*Both initial implants and replacements are included. The proportion of initial implants in 2002, 2003, and 2004 was 80%, 71%, and 70%, respectively. In the
Autonomous Region of La Rioja and in the Autonomous Cities of Ceuta and Melilla, no defibrillators were implanted in the 3-year period 2002 to 2004. The total

estimated number of implants is shown in parenthesis.
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TABLE 4. Autonomous Region and Residence of Recipients of an Implantable Cardioverter-Defibrillator. Number

Reported to the Registry (Total Number Estimated)*

No.x108 2003 No.x108 2004 No.x10°

2002

Autonomous Region
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TABLE 4. (Continued)

Autonomous Region 2002 No.x108 2003 No.x10° 2004 No.x10°
Madrid

Madrid 169 (270) 31 (50) 213 (362) 37 (63) 225 (333) 39 (58)
Murcia

Murcia 24 (38) 20 (32) 13 (22) 10 (17) 12 (18) 9 (13)
Navarre

Pamplona 7(11) 12 (19) 8 (14) 14 (24) 18 (27) 31 (46)
Basque Country 34 (54) 16 (26) 46 (78) 22 (37) 77 (114) 36 (53)

Alava 12 (19) 41 (66) 18 (31) 61(104) 27 (40) 91(135)

Guiptizcoa 8 (13) 12 (19) 10 (17) 15 (25) 15 (22) 22 (33)

Vizcaya 14 (22) 12 (19) 18 (31) 16 (27) 35 (52) 31 (46)
Ceuta/Melilla 0 0 1(2) 7(12) 1(1) 7 (10)

*Both initial implants and replacements are included. The proportion of initial implants in 2002, 2003, and 2004 was 80%, 71%, and 70%, respectively.

Underlying Heart Disease, Left Ventricular
Ejection Fraction, Functional Class,
and Initial Rhythm

Figures 1 and 2 and Tables 5 and 6 show the patients
heart disease by total number of ICDs implanted and
initial implants. The most common underlying
condition was ischemic heart disease. The percentages
of different heart diseases were similar over the 3
years, and no statistically significant differences in the
distribution were observed. Other common conditions
were noncompactation cardiomyopathy, peripartum
cardiomyopathy, Steinert disease, idiopathic sustained
monomorphic  ventricular  tachycardia (SMVT),
Prinzmetal angina, restrictive cardiomyopathy, etc.

Most patients had a left ventricular ejection fraction
(LVEF) of less than 30% or between 30% and 40%
(Figure 3). The percentage of patients with LVEF above
50% was greater than that of patients with mild
dysfunction (LVEF of 40%-49%). A greater percentage

of patients with severe left ventricular dysfunction
(LVEF<30%) was reported in 2004 compared to 2003
and 2002 (38.3% vs 33.6% and 34.2%, respectively;
P<.01) whereas a smaller percentage had mild
dysfunction (LEVF of 40%-50%) (14% in 2004 vs 17%
and 18%, respectively; P<.0l). On analysis of initial
implants only, the percentages of patients in each LVEF
range were similar to those for all types of ICD
implantation.

The majority of patients were in NYHA functional
class II or I. The percentage of patients in functional
class III was smaller, and rarely were patients in
functional class IV (Figure 4). An increasing and
statistically significant trend (P<.001) towards larger
number of implants in patients in functional class III
was observed at the expense of those in functional
classes I and II, largely as a result of increased
indication of ICD with cardiac resynchronization.

Most patients were in sinus rthythm—=83% in 2002,
82% in 2003, and 81% in 2004. Atrial fibrillation was

6%

18% 15%

4%
6%

59% 15% 60%

O lschemic Heart Disease M Dilated Cardiomyopathy CIHypertrophic Cardiomyopathy @ Valvular
M Conduction Disorders 00 RVAD [1Congenital Heart Disease [10thers

Figure 1. Heart disease in the patients reported to the Registry (initial implants and replacements). RVAD indicates right ventricular arrhythmogenic

dysplasia.
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18%
60%

16%

61% 61%

O lschemic Heart Disease M Dilated Cardiomyopathy [ Hypertrophic Cardiomyopathy & Valvular
M Conduction Disorders [0 RVAD FCongenital Heart Disease ™ Others

Figure 2. Heart disease in patients reported to the Registry (only initial implants). RVAD indicates right ventricular arrhythmogenic dysplasia.

100-

W >50%
904 | O 40%-50%
804 | m 30%-40%
2ol | <30%

Percentage

2002 2003 2004 Year

Figure 3. Left ventricular ejection fraction of the patients

reported in 13% of the patients over the 3 years. Paced
rhythm was reported in 3%, 4%, and 5% in 2002,
2003, and 2004, respectively.

Clinical Arrhythmia Leading to Implantation,
Form of Presentation, and Induced
Arrhythmia in the Laboratory (Figures 5-7)

Implantation was indicated for SMVT in almost half
of the cases. The second most common type of clinical
arrhythmia was ventricular fibrillation or polymorphic
ventricular tachycardia. The remaining devices were
implanted as prophylaxis in patients with nonsustained
ventricular tachycardia or with no documented clinical
arrhythmia. The most common form of presentation
was syncope, followed by “other symptoms,” and
cardiorespiratory arrest.

93

100+

Percentage

2002 2003 2004

Year

Figure 4. New York Heart Association Functional Class of the Patients
in the Registry.

100+
9. W VF/PVT
0 SMVT
80+ m NSVT
704 @ None
;-fa 60
5 501 47 49 46
& 40

2002 2003 2004
Year

Figure 5. Clinical Arrhythmia of the Patients in the Registry. VF
indicates ventricular fibrillation; SMVT, sustained monomorphic
ventricular tachycardia; NSVT nonsustained ventricular tachycardia;
PVT, polymorphic ventricular tachycardia.
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100
W ASD

901 O Syncope

80+ | Others

704 @ Asymptomatic
g 604
g 50 47 i3
(a1

2002 2003 2004

Year

100+
90. W VF/PVT
O SMVT
80+ m NSVT
704 @ None
g
3

2002 2003 2004

Year

Figure 6. Form of clinical presentation of the arrhythmia in patients in
the Registry.
ASD indicates aborted sudden death.

Indications (Tables 5 and 6)

The most common indication for ICD implantation
was secondary prevention in patients with ischemic heart
disease, mainly with SMVT and aborted sudden death. In
2003 and 2004, there was a statistically significant
decrease in the number of implantations due to aborted
sudden death in patients with this type of heart disease
(19.5% in 2002 vs 13.4% and 13.2%, respectively;
P<.01). There was also a decrease in the percentage of
indications for SMVT with syncope (16.3% in 2004 vs
20.9% in 2003 and 25.9% in 2002) and an increase in the
indications in patients with SMVT episodes without
syncope from 19.5% in 2002 to 27.5% in 2004 (P=.001).
Indications corresponding to those in the MADIT I or
MUSST?® remained stable over the years. In contrast,
other prophylactic indications increased progressively
and statistically significantly between 2002 and 2004,
representing just 10% in 2002 compared to 21.5% in
2004 (P<.001).

For patients with dilated cardiomyopathy, the most
common indication was also SMVT, with fewer
indications for SMVT with syncope in 2004 compared to
previous years (7.7% in 2004, 27.3% in 2003, and 22.8%
in 2002; P<.01). The next most common indication was
aborted sudden death, which followed a progressive
nonsignificant trend downwards over the 3 years.
Prophylactic indications increased significantly in the last
year (24.4% vs 14% and 16.5% in the previous years;
P=01).

Implantation Site and Specialist Who Did

the Operation Implantation

An increasing number of implantations were done
in the electrophysiology laboratory (48.6% of the
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Figure 7. Arrhythmia indicated in the laboratory in patients who underwent
electrophysiological study. VF indicates ventricular fibrillation; SMVT
sustained monomorphic ventricular tachycardia; NSVT, nonsustained
ventricular tachycardia; PVT, polymorphic ventricular tachycardia.

procedures in 2002, 51% in 2003, and 58% in 2004;
P<.001). In the remaining cases, implantation was
done in the operating room.

Over the 3 study years, the number of implantations
done by electrophysiologists increased (accounting for
48.3% of the procedures in 2002, 53% in 2003, and
59.4% in 2004; P<.001) at the expense of the proportion
of implants done by heart surgeons (48.4%, 44%, and
35.6%, respectively). Implantation was done by other
types of specialist in 3.3% of the cases in 2002, 3% of
the cases in 2003, and 5% of the cases in 2004.

Generator Site

Subcutaneous pectoral implantation was the most
common site for the generator, with the proportion of
devices implanted in this site increasing over the 3
years (69% in 2002, 73% in 2003, and 81% in 2004;
P<.001). The submuscular pectoral site was used in
29%, 25%, and 17% of the implanted patients in 2002,
2003, and 2004, respectively. In each study year, 2%
of all implantation sites were abdominal, these
procedures being replacements in all but one,
corresponding to an implantation in a child.

Device Type

A single-chamber device accounted for 65% of
implants in 2002, 69% in 2003, and 57% in 2004.
Dual-chamber devices were implanted in 28%, 24%,
and 29% of the recipients, respectively. Implantation
of ICDs with cardiac resynchronization was done in
6%, 7%, and 14% of the cases in 2002, 2003, and
2004, respectively, with an increase in 2004 with
respect to the previous years (P<.01).
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TABLE 5. Number of Devices Implanted (Initial implants and Replacements) by Type of Heart Disease, Clinical
Arrhythmia, and Form of Presentation*

2002 2003 2004
Ischemic heart disease
Aborted sudden death 102 (20) 101 (16) 142 (17)
SMVT with syncope 153 (29) 140 (23) 149 (18)
SMVT without syncope 99 (19) 163 (26) 222 (27)
Syncope+PVT 27 (5) 24 (4) 29 (4)
Syncope+inducible VT 32 (4) 28 (5) 33 (4)
Syncope+noninducible VT+LV dysfunction 28 (5) 38 (6) 45 (5)
MADIT | and MUSST 24 (5) 24 (4) 28 (4)
MADIT Il and other prophylactic indications 44 (8) (1 Rs) 78 (13) (19 Rs) 141 (17) (48 Rs)
Not reported 12 (2) 21 (3) 35 (4)
Total 521 (58.7) 617 (62) 824 (62)
Dilated cardiomyopathy
Aborted sudden death 14 (11) 29 (19) 47 (18)
SMVT with syncope 36 (28) 36 (25) 64 (25)
SMVT without syncope 25 (19) 37 (25) 27 (11)
Syncope+PVT 12 (9) 4(3) 8(3)
Syncope+inducible VT 12 (9) 15 (10) 23 (9)
Syncope+noninducible VT+LV dysfunction 11(9) 6 (4) 21 (8)
Prophylactic indication 17 (13) (4 Rs) 17 (11) (6 Rs) 50 (20) (37 Rs)
Not reported 3(2) 5(3) 15 (6)
Total 130 (14.6) 149 (15) 205 (15.4)
Valve diseases
Aborted sudden death 15 (44) 20 (37) 13 (28)
SMVT with syncope 8 (24) 12 (22) 12 (24)
SMVT without syncope 9 (26) 11 (20) 10 (20)
Syncope+inducible VT 1(3) 2 (4) 3 (6)
Syncope+noninducible VT+LV dysfunction 0 1(2) 1(2)
Prophylactic indication in LV dysfunction 0 7 (13) (1 Rs) 6 (12) (3 Rs)
Not reported 1(3) 1(2) 4 (8)
Total 34 (3.8) 54 (5.4) 49 (3.7)
Hypertrophic Cardiomyopathy
Aborted sudden death 13 (25) 12 (20) 19 (29)
Prophylactic implantation 33 (65) 46 (78) 43 (65)
Not reported 5(10) 1(2) 4 (6)
Total 51 (5.7) 59 (5.9) 66 (5)
Brugada syndrome
Aborted sudden death 5(11) 5(11) 8 (13)
Prophylactic implantation with syncope 19 (41) 12 (27) 11 (17)
Prophylactic implantation without syncope 18 (39) 25 (56) 41 (65)
Not reported 4(9) 3 (6) 3(5)
Total 46 (5.2) 45 (4.5) 63 (4.7)
RV arrhythmogenic cardiomyopathy
Aborted sudden death 1(5) 2 (12) 2 (13)
SMVT 14 (74) (5 with syncope) 11 (69) (4 with syncope) 11 (73) (5 with syncope)
Prophylactic 4(21) 3(19) 1(7)
Not reported 0 0 1(7)
Total 19 (2.1) 16 (1.6) 15(1.1)
Congenital heart disease
Aborted sudden death 4 (36) 1(17) 1(14)
SMVT 5 (45) 3 (50) 4 (57)
Prophylactic implantation 2(19) 2 (33) 2 (29)
Prolonged QT syndrome
Aborted sudden death 2 (25) 7 (54) 9 (47)
Prophylactic implantation 6 (79) 6 (46) 10 (53)
Idiopathic ventricular fibrillation
Aborted sudden death 31 (100) 41 (100) 35 (100)

*Rs indicates resynchronization; VT, ventricular tachycardia; SMVT, sustained monomorphic ventricular tachycardia; PVT, polymorphic ventricular tachycardia; LV,
left ventricular. Percentages of each type of heart disease given in parenthesis, except total percentages, which refer to total number of heart disease.
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TABLE 6. Number of Initial implants by Type of Heart Disease, Clinical Arrhythmia, and Form of Presentation*

2002 2003 2004
Ischemic heart disease
Aborted sudden death 85 (20) 59 (13) 73 (13)
SMVT with syncope 113 (26) 92 (21) 90 (16)
SMVT without syncope 85 (20) 111 (25) 141 (27)
Syncope+FV/PVT 15 (3) 16 (4) 18 (3)
Syncope+inducible VT 30 (7) 22 (5) 27 (4)
Syncope+noninducible VT+LV dysfunction 28 (6) 28 (6) 37 (6)
MADIT | and MUSST 24 (5) 21 (5) 23 (4)
MADIT Il and other prophylactic indications 44 (10) (1 Rs) 77 (18) (18Rs) 119(23) (39Rs)
Not reported 12 (3) 13 (3) 24 (4)
Total 436 (63) 439 (62.2) 552 (58.4)
Dilated cardiomyopathy
Aborted sudden death 14 (12) 12 (11) 16 (10)
SMVT with syncope 26 (23) 29 (27) 13 (8)
SMVT without syncope 25 (22) 24 (23) 45 (27)
Syncope+PVT 8(7) 1(1) 5(2)
Syncope+inducible VT 12 (10) 9(8) 17 (10)
Syncope+noninducible VT+LV dysfunction 10 (9) 9(8) 20 (12)
Prophylactic indication 16 (14) (4 Rs) 17(16) (5 Rs) 41(24) (27 Rs)
Not reported 3(3) 5(5) 11 (7)
Total 114 (16.4) 106 (15) 168 (17.8)
Valve diseases
Aborted sudden death 8 (31) 6(17) 7(20)
SMVT with syncope 6 (23) 10 (28) 8(23)
SMVT without syncope 10 (38) 7(19) 5(19)
Syncope+inducible VT 1(4) 2 (9) 1(3)
Syncope+noninducible VT+LV dysfunction 0 1(3) 2 (6)
Prophylactic indication with LV dysfunction 0 10 (28) 9(27) (3Rs)
Not reported 1(4) 0(2) 2 (6)
Total 26 (3.7) 36 (5.1) 34 (3.6)
Hypertrophic cardiomyopathy
Aborted sudden death 8 (25) 7(14) 14 (25)
Prophylactic implantation 23 (72) 42 (84) 38 (68)
Not reported 1(3) 1(2) 4(7)
Total 32 (7.3) 50 (7.1) 56 (5.9)
Brugada syndrome
Aborted sudden death 4(11) 3(11) 5(11)
Prophylactic implantation with syncope 14 (40) 9 (35) 7 (15)
Prophylactic implantation without syncope 17 (49) 13 (50) 31 (67)
Not reported 0 1(4) 3(7)
Total 35 (5) 26 (3.7) 46 (4.86)
RV arrhythmogenic cardiomyopathy
Aborted sudden death 0 0 1(11)
SMVT 7 (58) (4 syncopes) 9 (69) (3 syncopes) 7 (78) (4 syncopes)
Prophylactic 5 (42) 4 (31) 1(11)
Not reported 0 0 1(11)
Total 12 (1.7) 13 (1.8) 9(1.2)
Congenital heart disease
Aborted sudden death 3 (33) 1(14) 1(25)
SMVT 5 (56) (43) 2 (50)
Prophylactic implantation 1(11) 3 (43) 1(25)
Prolonged QT syndrome
Aborted sudden death (29) 3 (33) 7 (47)
Prophylactic implantation 5(71) 6 (67) 8 (53)
Idiopathic ventricular fibrillation
Aborted sudden death 18 (100) 25 (100) 19 (100)

*Rs indicates resynchronization; VT, ventricular tachycardia; SMVT, sustained monomorphic ventricular tachycardia; PVT, polymorphic ventricular tachycardia; LV,

left ventricular. Percentages given in parenthesis.

1444 Rev Esp Cardiol. 2005;58(12):1435-49



Reasons for Device Replacement: Need
for New Electrodes When Replacing the
Generator and Use of Additional Electrodes

In 2002, 90% of the replacements reported were
done because of battery failure and the remaining 10%
because of complications, 88% of which occurred at
least 6 months after implantation. In 2003, 88% were
due to battery failure and 12% to complications (79%
more than 6 months after implantation). In 2004, the
percentage of replacements due to battery failure was
90%, and 61% of the complications documented were
late complications. In 2002, 6% of electrodes were
replaced because of malfunction, compared to 8% in
2003, and 9% in 2004. In 13%, 63%, and 87% of the
cases, respectively, electrodes were removed because
of malfunction. Additional defibrillation electrodes or
sensing electrodes were only rarely used (9 times in
2002, 10 in 2003, and 8 in 2004).

Minimum Defibrillation Energy

In 2002, the mean+standard deviation minimum
defibrillation energy was less than 16.9+4.9 J,
compared to less than 17.6+4 J in 2003 and less than
17.8+4.2 J in 2004. The limits of minimum effective
defibrillation energy over the 3 years ranged from 6 J
to 36 J.

Programming the Implantable Cardioverter-
Defibrillator

Antibradycardia pacing was used mainly in VVI
mode (55% in 2002, 57% in 2003, and 51% in 2004).
Overall, VVIR mode was used in 13% in 2002, 14% in
2003, and 13% in 2004, whereas DDD mode was
programmed in 11%, 9%, and 12%, respectively, and
DDDR mode in 11%, 9%, and 12%, respectively.

Antitachycardia pacing was programmed in 83%,
85%, and 86% in the respective study years for
ventricular arrthythmias. Such pacing was programmed
for both the ventricle and atrium in 3%, 1%, and 3%,
respectively. In 14%, 14%, and 13% of the cases,
respectively, no antitachycardia programming was done.

Complications

No deaths were associated with implantation
procedures in 2002, whereas 1 death was reported in
2003 and 3 in 2004, corresponding to a mortality rate of
1.2 per thousand and 2.4 per thousand implants,
respectively. No cases of tamponade were reported
during the procedure in any of the 3 years. Pneumothorax
was reported in 3 patients in 2002, 1 in 2003, and none in
2004. Minor unspecified complications were reported
with 17 implantations in 2002, 9 in 2003, and a further 9
in 2004.
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DISCUSSION

Usefulness of the Spanish Implantable
Cardioverter-Defibrillator Registry

The Electrophysiology and Arrhythmias Working
Group of the SEC publishes an annual report on the
findings of the National Catheter Ablation Registry in
the field of arrhythmias.?® For ICDs, the Working
Group itself started the National ICD Registry in
1996, and the results were published in 1997.1% One of
the main aims for 2001 of the recently established GT-
DAI was to set up the Spanish ICD Registry. The
results from the period 2002 to 2004 are published in
this article.

This Registry serves as a good reference for
arthythmia units throughout Spain who wish to assess
their own activity, given that registries are usually more
representative of the day-to-day reality in a country than
data from multicenter clinical trials. On the other hand,
data obtained from a large number of procedures over a
limited period provide a better indication of possible
influences of different multicenter studies published in
the literature and the effects of technological innovations
on the indications of ICDs, the type of devices
implanted, and their programming. In addition, the
information of the ICD Registry highlights geographic
differences in resources, indications, and number of ICD
implants within Spain and should help health managers
adapt health planning in this field.

Comparison With the 1996 Registry

In 1996, two thirds of the implantation procedures
were reported to the Registry.’> Comparison of the
present results with those from 1996 reveals a marked
increase in the number of implantations and the
number of centers performing implantations. The total
number of implantations reported to the Registry in
1996 was 306, compared to 1414 in 2004. The number
of implantations per million inhabitants, including
both initial implants and replacements, was 9 in 1996
compared to 49 in 2004. Thirty-six centers performed
implantations in 1996 compared to 80 in 2004. There
was also a notable change in the type of indications. In
the 1996 Registry, most implantations were done in
patients who had been resuscitated after aborted
sudden death or who had presented with SMVT,
usually with syncope, whereas prophylactic implants
were not reported. In contrast, the proportion of
prophylactic implantations has increased significantly
in recent years, as reflected by studies published in the
literature.>!® The site of ICD implantation has also
changed  substantially  (subcutaneous  pectoral
implantation accounted for 19% of the procedures in
1996 compared to 80% at present). Important changes
have also occurred in the place where the implantation
is done (15% in the electrophysiology laboratory in
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1996 vs 58% in 2004) and in the person who performs
the procedure (17% done by the electrophysiologist in
1996 vs 59.4% in 2004).

Comparison With Registries Outside Spain

Information on ICD implants from other countries is
limited.'*?* Few countries in the European Community
(Denmark, Sweden, Italy, and the United Kingdom)
run national registries, and most do not publish their
results. The Danish ICD Registry collects information
on all implantations done in Denmark since 1989'¢ and
publishes a report every year on the web site
www.pacemaker.dk. In 2003, 350 initial devices and
153 replacements were implanted (68 initial implants
per million inhabitants). The proportion of initial
implants to replacements is similar to Spain. The most
common cardiomyopathy was ischemia (52%),
followed by dilated cardiomyopathy (21.4%). The
arrhythmias that most often led to implantation were
SMVT, reported in 53.4% of the cases, and ventricular
fibrillation, reported in 33.1%. Dual-chamber ICDs
were implanted in 36.3% of the cases and
resynchronization devices with ICDs in 6%.

The German ICD Registry, EURID, is a project that
was launched in 1998 by the Arrhythmias Working
Group of the German Society of Cardiology.!”
Participation was voluntary, and initially 62 centers
took part, although this number had decreased to 34 by
2000. Between January 1998 and October 2000,
information was collected on 3344 ICD implantations.
The mean age of the implant recipient was 61 (12)
years, and 80.2% were done in men. The most
common heart disease, as in Spain, was ischemic heart
disease, reported in 64% of the patients and dilated
cardiomyopathy, reported in 18.9%. Overall, 54% of
the patients were in functional class II and 47% had an
ejection fraction of 20% to 50%. Most devices were
implanted in patients who had suffered cardiac arrest
(44%) or SMVT with syncope (24.7%). Dual-chamber
ICDs were implanted in 21.6% of the patients.

The European Cardiac Pacing Registry also collects
information on defibrillators implanted in Europe, and
results are available at the web site www.heart.org.
uk/ewgcp. The most recent data were published in 2001
and correspond to 1997, although these data were
retrospective and not very representative of the actual
numbers of ICDs implanted."®

At present, the United States has no national registry
on defibrillators. However, the Bilitch Registry, which
was created in 1974 to collect information on pacemaker
implantation, later also gathered data on ICDs.!® The
registry disappeared in 1993 due to lack of funding.?
The most recent data published in the literature on
implantation in the United States date from 1997, and
were collected by members of NASPE and ICD
manufacturers. In total, 35 630 ICD devices were
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implanted in 817 hospitals (107 initial implants per
million inhabitants).

Overall Number of Implantations, Indications,
and Trend

The number of procedures reported to the Registry and
the total estimated number have increased each year. This
increase is due, above all, to an increased number of
indications, particularly of the prophylactic type,
probably because a number of studies have demonstrated
the usefulness of ICDs in primary prevention.”'® The
increased number of centers that carry out implantations
and perhaps a better management of patients with
malignant ventricular arrhythmias may also have
contributed to the increased number of implants.

Ischemic heart disease is the most common
underlying condition leading to ICD implantation.
Among patients with this underlying condition, those
with SMVT and aborted sudden death occurred most
frequently. The number of prophylactic implantations
has increased significantly in recent years, probably
because of the publication of the findings of the
MADIT 1II study and the presentation of the SCD-HeF
study.”!® The proportion of patients with implantations
due to aborted sudden death has decreased in the last
year. The number of implantations for SMVT has
remained relatively stable, although in the last 2 years,
the proportion of implantations for SMVT without
syncope was greater than that of patients with syncope
during tachycardia, reversing the trend of the first year.
This is partly due to the greater number of
prophylactic implantations and a trend towards
implanting ICDs in patients with severe ventricular
dysfunction, even though they tolerate tachycardia.

Prophylactic indications have also increased in
cases of dilated cardiomyopathy, probably in
association with the publication of the results of the
COMPANION and SCD-HeF studies, and to a lesser
extent, those of the DEFI-NITE study.®!° The number
of resynchronization ICDs has increased significantly
in such patients and also in those with ischemic heart
disease.

Geographic Distribution: Regional Differences

The estimates of implants per million inhabitants
based on the Registry showed marked variations from
one Spanish autonomous region to another and within
provinces of the same autonomous region. While
considering the limitation that only two thirds of the
implants are reported to the Registry, these variations
implantation rates among and within autonomous
regions cannot be readily explained by differences in
the incidence of heart disease in Spain and so must be
attributed to other reasons. One possibility is that, in
some autonomous regions, hospitals performing
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implantations tend to concentrate in the capitals of
those regions. Another possible explanation is that
some hospitals have a weaker “arrhythmia culture” or,
in contrast, ICD implantation is done by some services
that do not have other therapeutic options available. In
particular, catheter ablation might sometimes be
preferable to ICD implantation. On the other hand,
variations in the availability of centers performing
implantations among autonomous regions is probably
not a decisive factor, as there is no clear correlation
between the number of centers performing
implantations and the number of implantations per
million inhabitants.

Complications

The incidence of complications associated with
implantations is very low, although it should be
remembered that the data collected by the Registry
refer exclusively to complications during the
implantation procedure itself.

Limitations

The main limitation of the Registry is that
participation ranged from 59% to 67.5%, and so
cannot be truly representative. Nevertheless, the level
of participation is acceptable considering that this is a
prospective registry that included a large number of
ICD implantations. Moreover, the increase in the
number of implants reported to the Registry in 2004
highlights the commitment of the professionals who
participate in ICD implantation procedures to
consolidate it.

National registries of different hospital care activities
are descriptive and the consistency of information may
vary widely according to autonomous region and
hospital. This limitation should be remembered when
assessing the reliability of subpopulation data from
different autonomous regions and provinces.”

Future Prospects

The usefulness of the Spanish ICD Registry is
beyond doubt and all professionals involved in the
treatment of arrhythmias should be congratulated for
contributing to one of the few national ICD registries
kept anywhere in the world. These benefits should act
as encouragement to ensure the continuity of the
project and to improve quality of the data, especially
by increasing the number of implantations that are
reported to the Registry and extending the patient data
collected and improving the control and verification
procedures. Some fields are to be changed and some
new fields will appear in the questionnaire in order to
bring it into line with the recommendations of the
CARDS project.”’
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Legislation SCO/3603/2003, dated December 18,
published in the Official Gazette of the Spanish State,
no. 309, dated December 26, 2003, provided for the
creation of several national implantation registries,
among them, 1 for cardiac implantations, run by the
Spanish Medicines and Healthcare Products Agency.
In accordance with this piece of legislation, a
collaboration agreement was signed by the SEC and
the Agency which should increase the importance of
the National ICD Registry.

Aside from these legal aspects, our main motivation
should be to obtain real data from Spain to help
improve health care, establish epidemiological or
clinical lines of investigation that draw on information
from the Registry, and ensure that technical and
human resources are more efficiently managed by the
pertinent bodies.

CONCLUSIONS

The Spanish ICD Registry for 2002 to 2004 is one
of the largest samples of ICD implantation procedures
published in the international literature and can be
considered representative of this activity and the
outcomes of the procedure in Spain. The number of
implantations has grown in Spain, and was estimated
to be 49 per million inhabitants in 2004 (34 per
million inhabitants for initial implants). Large regional
and provincial variations are observed in the number
of ICD implants per million inhabitants. The most
common underlying reasons for implantation were
SMTV and aborted sudden death, particularly in
patients with ischemic heart disease or dilated
cardiomyopathy. An increasing number of implants
are done in the electrophysiology laboratory and by
electrophysiologists. The incidence of complications
during implantations is very low.
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ANNEX. Spanish Society of Cardiology. Electrophysiology and Arrhythmias Working Group. ICD Working
Group. National ICD Registry. Questionnaire (Translation from Spanish)

SPANISH SOCIETY OF CARDIOLOGY

Arrhythmias and Electrophysiology Working Group. ICD Working

Group National ICD Registry

Questionnaire

1_ Patlent 00 000000000000 0000000000000 000000000000 00CCCRCNRINIOINORNONONONONONONONONONONONONONONONONONONONOONONONONONONONONONONONONONONONONONONDS
Initials: [JC1C] Implant Hospital: \ \
Sex: O Male O Female Province of Birth: ]
Date of Birth: \ Town of Residence: \ |

2. Under|y|ngHeartD|Sease ©000000000000000000000000000000000000000000000000000000000000000000000000000

A. Etiology: O
O
O
O

B. Ejection fraction:

ischemic
dilated nonischemic
valvular
prolonged QT
O >50%

C. NYHA functional class [ |

D. Initial rhythm

O Sinus

hypertrophic
congenital
idiopathic VF
O 40%-49%

Ol

O AFibrillation

Ooooo

prior coronary surgery:

0O 30%-39%
o
0 Pacemaker

Oooooooo

Yes O No

RVAD

Brugada

Other: | |
<30% Specify:
\%

Other: \ |

3 Arrhythm|a0rcond|t|onLead”‘lgto|mp|antat|0n ©00000000000000000000000000000000000000000000000000000000000

7.

A. Clinical arrhythmia: O VF/PVT O SMVT O non-SMVT O None
B. Clinical presentation O Sudden death O Syncope 0 Other symptoms O Asymptomatic
C. Induced arrhythmia: O FV/PVT O SMVT O non-SMVT 0 None

|mp|antati0naoonoan'anounonoanoanoanoaoonoan'anounoaoonoan'anoanonoan'anoanonoanoanounoaoanoanoan

Date: [ ] Place of implantation: O Operating theatre O Electrophysiology laboratory
Implanter: O Surgeon O Electrophysiologist O Other
A. Generator: O Initial implant
0 Replacement: [0 Battery failure [0 Because of complications: O <6 months [ >6 months
Device implanted: Manufacturer: | | Model: \ |
Site: O Subcutaneous [ Subpectoral OO Abdominal
B. Electrodes of current system:
O RA O RV o Lv
O Additional electrode: [ Sensing O Defibrillation
C. Previous Electrodes:
0 Operational
O Malfunctioning: O Removed O Not removed

D. Minimum defibrillation energy: \

|ntraoperat|veComp||cat|ons 00000000000000000000000000000000000000000000000000000000000000000000000

0 None 0 Death O Cardiac tamponade
O Pneumothorax 0 Others (specify) \ |

Func“ons ©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000

A. Antibradycardia pacing: O VVI O WIR O DDD O DDDR O Others [ |
B. Antitachycardia pacing: O Ventricle O Atrium O Both O Not programmed

C. CV/Defibrillation: 0 Ventricle 0 Atrium O Both

D. Resynchronization: O No O Yes

Observations

Send to the SEC at Fax: 917 242 371, E-mail: sec@secardiologia.es or Industria
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