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Introduction and objectives. This article presents the
2007 findings of the Spanish Implantable Cardioverter-
Defibrillator (ICD) Registry, established by the Working
Group on Implantable Cardioverter-Defibrillators,
Electrophysiology and Arrhythmia Section, Spanish Society
of Cardiology.

Methods. The Spanish Society of Cardiology received
prospective data recorded on a single-page questionnaire
on 96.6% of device implantations.

Results. Overall, 3291 implantations were reported
(90.1% of the estimated total). The reported
implantation rate was 72.8 per million inhabitants, and
77.1% were first implantations. The majority of ICDs
were implanted in males (mean age, 61 [12] years) in
functional class Il with severe or moderate-to-severe
left ventricular dysfunction. The most frequent form of
heart disease was ischemic heart disease, followed
by dilated cardiomyopathy. Indications for primary
prevention remained unchanged relative to the
previous year and now account for half of all first
implantations, with an increasing number of patients
with dilated cardiomyopathy. The number of ICDs
incorporating cardiac resynchronization therapy has
increased slightly and now comprises 30.1% of the
total. Around 70% of ICD implantations were performed
in an electrophysiology laboratory by a cardiac
electrophysiologist. The incidence of complications
was very low.

Conclusions. The 2007 Spanish Implantable
Cardioverter-Defibrillator Registry contains data on more
than 90% of all ICD implantations performed in Spain,
thereby confirming that it has become increasingly
representative in recent years. The number of implantations
has continued to grow, though the proportion carried out for
primary prevention has stabilized at around 50%.
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Registro Espaiol de Desfibrilador Automatico
Implantable. IV Informe Oficial del Grupo

de Trabajo de Desfibrilador Automatico
Implantable de la Sociedad Espainola

de Cardiologia (2007)

Introduccion y objetivos. Se presentan los resultados
del Registro Espafol de Desfibrilador Automatico Implan-
table de 2007 elaborado por el Grupo de Trabajo de Des-
fibrilador Automatico Implantable de la Seccién de Elec-
trofisiologia y Arritmias de la Sociedad Espafola de
Cardiologia.

Métodos. Se envio a la Sociedad Espafiola de Cardio-
logia la hoja de recogida de datos de forma prospectiva
en el 96,6% de los implantes.

Resultados. El numero de implantes comunicados fue
3.291 (el 90,1% del total estimado). EI numero de implan-
tes por millén de habitantes comunicados fue 72,8. La
cantidad de primoimplantes fue del 77,1%. La mayor par-
te se implanté en varones con una media + desviacion
estandar de edad de 61 + 12 anos, con disfuncion VI se-
vera o moderada a severa y en clase funcional Il. La car-
diopatia mas frecuente fue la isquémica, seguida de la di-
latada. Las indicaciones por prevencion primaria se han
estabilizado con respecto al afio previo y constituyen la
mitad de los primoimplantes, con un incremento en pa-
cientes con miocardiopatia dilatada. Ha aumentado lige-
ramente el numero de desfibriladores automaticos im-
plantables con terapia de resincronizaciéon cardiaca, el
30,1% del total. En torno al 70% de los implantes se reali-
z6 en el laboratorio de electrofisiologia y por electrofisio-
logos. La incidencia de complicaciones fue muy baja.

Conclusiones. El Registro Espafiol de Desfibrilador
Automatico Implantable del afio 2007 recoge informacion
de mas del 90% de los implantes de desfibrilador auto-
matico implantable que se realizan en Espafa, apoyando
su representatividad creciente en los ultimos afos. El nu-
mero de implantes ha continuado aumentando, aunque
se ha estabilizado la proporcion de indicaciones por pre-
vencién primaria en torno al 50%.
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ABBREVIATIONS

CRT: cardiac resynchronization therapy

EAS: Electrophysiology and Arrhythmia Section

EUCOMED: European Confederation of Medical
Suppliers Associations

ICD: implantable cardioverter-defibrillator

SMVT: sustained monomorphic ventricular
tachycardia

SEC: Spanish Society of Cardiology

WGICD: Working Group on Implantable
Cardioverter-Defibrillators

INTRODUCTION

This report presents the data for placement of
implantable cardioverter-defibrillators (ICDs) reported
to the Spanish Implantable Cardioverter-Defibrillator
Registry in 2007. This registry was established in 1996
by the Electrophysiology and Arrhythmia Section (EAS)
of the Spanish Society of Cardiology (SEC)! prompted
by the formation of the Working Group on ICD
(WGICD) of the EAS of the SEC. This body was
responsible for drafting this fourth official report with
the cooperation of the majority of the hospitals in Spain
that implant ICDs. Three official reports have been
published previously. These cover activity during the
3-year period 2002-2004 and the years 2005 and 2006,
respectively.>*

METHODS

The registry data were obtained using a data collection
form, which is available on the web page of the EAS of
the SEC (www.arritmias.org). This form was completed
directly and voluntarily by each implant team, during or
after the implantation procedure, with the collaboration
of the staff of the manufacturer of the ICD, and was sent
to the SEC by fax or by e-mail. Data collection was
primarily prospective. However, to make the registry
more representative, in February 2008, a list of the
implantations reported by each center in 2007 was sent
to all the ICD implant centers that had contributed
prospective data so that they could provide retrospective
data on those patients for whom prospective data had not
been made available to the registry.

Members of the SEC staff entered the data into the
database of the Spanish ICD Registry. The data were
cleaned by a SEC computer specialist and a member of
the WGICD. Members of the current WGICD executive
committee were responsible for data analysis and drafting
this publication.
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The population-based data used to calculate rates per
million population, both on the national scale and
according to autonomous community and province, were
obtained from the estimations reported for the period up
to January 1, 2007, by the National Institute of Statistics
(http://www.ine.es).

To calculate to what extent the registry can be
considered representative, we estimated the proportion
of all the implants performed in Spain in 2007 that had
been reported. To determine the total number of ICDs
and replacements implanted in Spain, we used the data
reported by the device manufacturers to the European
Confederation of Medical Suppliers Associations
(EUCOMED).

Where different medical conditions or clinical
arrhythmias were reported for the same patient, only the
most serious condition was included for analysis.

For each variable analyzed, unless otherwise stated,
percentages were calculated based on the total number
of implants, when that information was available.

Statistical Analysis

The numerical results were expressed as means (SD).
The relationships between quantitative variables were
analyzed using a linear regression model. Qualitative
variables were compared using the % test. A P value less
than .05 was considered significant. The statistical analysis
was carried out using the JMP statistical software program
(version 5.0.1).

RESULTS

Response rates for the different fields of the data
collection form ranged from 72.2% to 96.5% for the main
variables included in the registry.

Participating Centers

A total of 88 centers that performed ICD implants
contributed data to the registry (Table 1). Sixty-eight of
them were public hospitals. Table 2 shows the number
of public hospitals that returned data to the registry per
million population in 2007 for each autonomous
community.

Total Number of Implants

A total of 3291 implants (first-time, or primary
implants, and replacements) were reported to the registry
in 2007. Of these, 3180 (96.6%) were reported
prospectively, whereas only 111 were reported
retrospectively by 12 centers. Taking into account the
fact that, according to EUCOMED data, a total of 3652
implants were carried out in that year, 90.1% of all
implants performed in Spain were reported to the registry.
Figure 1 shows the total number of implants reported to
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TABLE 1. Spanish Hospitals That Provided Data to the National Registry on Implantable Cardioverter

Defibrillators in 20072

Autonomous Community Hospital No. of Implants Autonomous Community Hospital No. of Implants
Andalusia Catalonia
Almeria Hospital Torrecérdenas 1 Barcelona Hospital de Barcelona 4
Cadiz H. Universitario Puerta del Mar 19 Centro Médico Tecknon 3
Cérdoba H. Universitario Reina Sofia 32 Community of Valencia
Granada H. Universitario Virgen de las Nieves 56 Alicante H. General Universitario de Alicante 108
Huelva H. General Juan Ramon Jiménez 76 Clinica Benidorm 2
Jaen Complejo Hospitalario Ciudad de Jaén 3 Castellon H. General de Castelld 17
Malaga H.U. Virgen de la Victoria 114 Valencia H. General Universitario de Valencia 102
Clinica Parque San Antonio 2 H. Universitario La Fe 75
Seville H.U. Virgen del Rocio 53 Hospital Clinico Universitario de Valencia 40
H.U. Virgen Macarena 50 H. Universitario Doctor Peset 9
H. Nuestra Sefiora de Valme 40 Hospital Lluis Alcanyis 6
Clinica Sagrado Corazén 1 Grupo Hospitalario Quirén 1
Hospital Infanta Luisa 1 Extremadura
Aragon Badajoz H. Infanta Cristina 55
Zaragoza H. Miguel Servet 62 Hospital de Mérida 1
H. Clinico Universitario Lozano Blesa 34 Clideba 1
Asturias Galicia
Oviedo Hospital Central de Asturias 119 A Corufia Hospital Juan Canalejo 85
Balearic Islands Complejo Hospitalario Univ. de Santiago 67
Palma de Mallorca Hospital Son Dureta 37 Pontevedra Complejo Hospitalario 65
H. Son Llatzer 10 Universitario de Vigo
Clinica Rotger Sanitaria Balear, S.A. 4 Madrid
Canary Islands Madrid H. Universitario Gregorio Marafién 112
Las Palmas Hospital Dr Negrin 44 Clinica Puerta de Hierro 94
Hospital Insular de Gran Canaria 24 H. Universitario Ramdn y Cajal 66
Clinica San Roque, S.A. 1 H. Clinico de San Carlos 58
Tenerife H. Nuestra Sra. de la Candelaria 35 H. Universitario 12 de Octubre 56
H. Universitario de Canarias 39 H. Universitario La Paz 37
Cantabria Fundacion Jiménez Diaz 30
Santander H. Universitario Marqués de Valdecilla 72 H. Universitario de Getafe 16
Castile-La Mancha Fundacion Hospital Alcorcon 16
Albacete Hospital General de Albacete 30 Hospital Central de la Defensa 13
Guadalajara H. General Universitario de Guadalajara 18 Hospital Severo Ochoa 11
Toledo Hospital Virgen de la Salud 75 Clinica La Luz 6
Castile-Leon Hospital de Fuenlabrada 5
Avila H. Nuestra Sra. de Sonsoles 11 Clinica Nuestra Sefiora de América 5
Burgos H. General Yagiie 49 Clinica Ruber 4
Leon Hospital de Leon 22 Clinica San Camilo 3
Salamanca H. Universitario de Salamanca 65 Hospital Madrid-Monteprincipe 3
Segovia H. Policlinico de Segovia 1 Hospital de La Zarzuela 2
Valladolid H. Clinico Universitario de Valladolid 78 Hospital Ruber Internacional 1
H. del Rio Hortera 11 Murcia
Hospital Campo Grande 4 Murcia H. Universitario Virgen de la Arrixaca 81
Catalonia Hospital Rafael Méndez
Barcelona Hospital Clinic 163 Navarre
Hospital de la Santa Creu i Sant Pau 89 Pamplona Clinica Universitaria de Navarra 66
Hospital Vall d’Hebron 55 Hospital de Navarra 12
Hospital de Bellvitge 52 Basque Country
Hospital del Mar 24 Vitoria Hospital Txagorritxu 39
Centre Cardiovascular Sant Jordi S.A. 13 Bilbao Hospital de Basurto 39
Clinica Quirdn 12 Hospital de Cruces 43
Hospital German Trias i Pujol 10 San Sebastian Hospital Donostia 5
aThe hospital was not available in 104 (3.2%) of the forms.
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TABLE 2. Number of Spanish Public Implant Centers
According to Autonomous Community in 2007

TABLE 3. Implantations Performed by Autonomous
Community Reported to the Registry in 2007

Autonomous Community Centers Autonomous Community Implants, No. (Implants/Million)
Andalusia 10 (1.2) Andalusia 448 (55.6)
Aragon 2(1.5) Aragon 96 (74.1)
Asturias 1(0.9) Asturias 119 (111)
Balearic Islands 2(1.9) Balearic Islands 51 (49.5)
Canary Islands 4 (2) Canary Islands 143 (70.6)
Cantabria 1(1.8) Cantabria 72 (138.5)
Castile-La Mancha 3(1.5) Castile-La Mancha 133 (67.3)
Castile-Leon 8(3.2) Castile-Leon 237 (93.7)
Catalonia 6 (0.8) Catalonia 425 (59)
Community of Valencia 7(1.4) Community of Valencia 360 (74.2)
Extremadura 2(1.8) Extremadura 57 (52.5)
Galicia 3(1.1) Galicia 217 (78.3)
Madrid 12 (2) Madrid 538 (88.5)
Murcia 2(1.4) Murcia 87 (62.5)
Navarre 1(1.7) Navarre 78 (129)
Basque Country 4(1.9) Basque Country 126 (58.9)
Total for Spain 68 (1.5) Not given 104

Total for Spain 3291 (72.8)

Data are expressed as number (implants/million population).

the registry and those estimated by the EUCOMED over
the last 6 years.

A total of 72.8 implants were reported to the registry
per million population, whereas the number of ICD
implanted per million population according to
EUCOMED data was 80.8. Figure 2 shows the increase
in the number of implants per million population
reported to the registry and that estimated by the

Both primary implants and replacements are included. No defibrillators were
implanted in the Autonomous Community of La Rioja or in the autonomous
cities of Ceuta and Melilla in 2006. The hospital was not available in 104
(3.2%) of the forms.

EUCOMED in the last 6 years. The number of implants
reported to the registry by each implant center appears
in Table 1. Table 3 shows the number of implants
performed according to autonomous community, as
reported to the registry in 2007, and the number of
reported implants per million population. The number
of implants reported to the registry and the number per
million population, according to the provinces and

4000
3500
3000
S 2500+
S 2000
o
£ 1500
1000
500+
0 1 . .
2002 2003 2004 2005 2006 2007 Figure 1. Total number of implants
reported to the registry and estimated
M |CD Registry 925 1046 1414 2050 2679 3291 by the European Confederation of
@ EUCOMED 1477 1788 2244 2756 3094 3652 Medical Suppliers Associations
(EUCOMED) from 2002 to 2007. ICD
indicates implantable cardioverter
defibrillator.
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Figure 2. Total number of implants 2002 2003 2004 2005 2006 2007
per million population reported to the )
registry and estimated by the European M |CD Registry 22 24 a7 60 73
Confederation of Medical Suppliers @ EUCOMED 35 43 64 69 81

Associations (EUCOMED) from 2002
to 2007. ICD indicates implantable
cardioverter defibrillator.

autonomous communities in which the patients resided,
are shown in Table 4.

The majority of the reported implants (3036, or 95.3%
of the total of 3187 reported to the registry in which the
name of the hospital was provided) were carried out in
public hospitals.

There was a correlation, which was almost statistically
significant, between the number of hospitals where
implantations were done per million population and the
number of ICDs implanted per million population in each
autonomous community (r’=0.63; P=.06). There was a
weak correlation between the number of hospitals where
implants were done per million population (r=0.3;
P=.009).

Primary Implants Versus Replacements

Information on whether the procedure was a primary
one was available for 3070 forms received (93.3%).
Primary implants accounted for 2368 procedures, that
is, 77.1% of the all recorded implantations. The number
of primary implants reported to the registry per million
population was 52. The number of replacement procedures
was 702 (22.9%).

Age and Sex

The mean age of the patients, including those who
received a primary implant and those who received a
replacement ICD, was 61.2 (12) years (range, 3-92 years).
These findings were very similar in the case of primary
implants: 60.8 (13) years (range, 3-90 years). The majority
of the patients were men (83.7% of the total and 83% in
the case of primary implants).

TABLE 4. Place of Residence of ICD Recipients and
Number per Million Population as Reported to the
Registry, According to Autonomous Community

and Province

Autonomous Community

Implants, No. (Implants/Million)

Andalusia
Almeria
Cadiz
Cordoba
Granada
Huelva
Jaen
Malaga
Seville

Aragon
Huesca
Teruel
Zaragoza

Asturias, Oviedo

Balearic Islands

Canary Islands
Las Palmas
Tenerife

Cantabria, Santander

Castile-La Mancha
Albacete
Ciudad Real
Cuenca
Guadalajara
Toledo

Castile-Leon
Avila
Burgos
Leon
Palencia

5 (29)

(Continued on Next Page))
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TABLE 4. Place of Residence of ICD Recipients and
Number per Million Population as Reported to the
Registry, According to Autonomous Community
and Province (Continued)

Autonomous Community Implants, No.
(Implants/Million)
Salamanca 45 (128.2)
Segovia 8 (50.3)
Soria 2 (21.5)
Valladolid 59 (113.2)
Zamora 17 (86.3)
Catalonia 322 (44.7)
Barcelona 283 (53.1)
Gerona 10 (14.2)
Lerida 10 (24.2)
Tarragona 19 (25.1)
Community of Valencia 306 (62.6)
Alicante 95 (52.1)
Castellon 22 (38.4)
Valencia 189 (76)
Extremadura 80 (73.5)
Badajoz 67 (98.8)
Céceres 13 (31.6)
Galicia 213 (76.8)
A Corufia 78 (69)
Lugo 27 (76)
Orense 19 (56.6)
Pontevedra 89 (94)
La Rioja, Logrofio 25 (81)
Madrid, Madrid 431 (70.9)
Murcia, Murcia 78 (56)
Navarre, Pamplona 43 (71.1)
Basque Country 111 (51.8)
Alava 35(114.8)
Guipuzcoa 8 (11.5)
Vizcaya 68 (59.6)
Ceuta and Melilla 2 (14.3)
Other countries 10
Not given 440
Total for Spain 3.291 (72.8)

Both primary implants and replacements are included.

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

The percentages of the different heart diseases were
very similar in both the patients who underwent primary
implantation and in the group as a whole (Figure 3). The
most common condition was ischemic heart disease,
followed by dilated cardiomyopathy, hypertrophic
cardiomyopathy, and primary conduction abnormalities
(Brugada syndrome, idiopathic ventricular fibrillation,
and long QT syndrome). These were followed by valvular
heart disease and arrhythmogenic right ventricular
cardiomyopathy.
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With regard to systolic ventricular function, almost
half the patients had a left ventricular (LV) ejection
fraction less than 30%. Somewhat more than one-quarter
had a LV ejection fraction between 30% and 39%. The
smallest group was that of patients with mild ventricular
dysfunction, that is, with LV ejection fraction between
40% and 49% (Figure 4). There was a clear, almost
significant, trend toward a higher proportion of patients
with severe LV dysfunction (ejection fraction <30%) in
the group that underwent primary implantation than in
the group as a whole (49.1% vs 45.9%; P=.06 for
comparison of the 4 groups of LV ejection fraction).

Somewhat over 40% of the patients were in New York
Heart Association functional class II. They were followed
in number by the group of patients in functional classes
I and III, whereas only a very small number of patients
were in functional class IV (Figure 5). In the group of
primary implantations, there was an almost significant
trend towards a greater proportion of patients in functional
class III than in the overall group (28.4% vs 25.4%) due
mainly to a smaller proportion of patients in functional
class I (27.8% vs 30.5%; P=0.09 for the comparison of
the 4 groups of functional class).

The majority of the patients in the overall group (79%)
were in sinus thythm, whereas 15.6% had atrial fibrillation,
4.2% had pacemaker rhythm, and the rest exhibited other
rhythms (atrial flutter or other atrial arrhythmias). These
rates were similar in both the primary implant patients
and the group as a whole (80.4%, 15.7%, and 3.5%,
respectively).

Clinical Arrhythmia Requiring Implantation,
Presentation, and Laboratory-Induced
Arrhythmia

The absence of documented clinical arrhythmia was
the most common finding among patients who underwent
primary implantation. They were followed in number by
those with sustained monomorphic ventricular tachycardia
(SMVT). In the group as a whole, the proportion of both
types was similar. The greater proportion of patients
without documented clinical arrhythmia in the primary
implant group versus the group as a whole (37.3% vs
31.7%) was statistically significant (P<.01; Figure 6).
This was due mainly to the lower proportion of sustained
arrhythmias in the group as a whole.

The most common clinical presentation, both in the
group as a whole and among patients who underwent
primary implantation, was syncope, followed by “other
symptoms”’ and the absence of symptomatic arrhythmias.
Although there was a tendency towards a greater
proportion of asymptomatic patients, from the point of
view of arrhythmias, in the primary implant group, this
difference was not statistically significant (26.9% vs
24.7%; P=.2) (Figure 7).

Information on whether an electrophysiological study
was done was available for 74.2% of the patients receiving
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Figure 3. Underlying heart diseases reported to the registry (primary implants and total implants).

1007 LVEF
907 W >50%
80 O 40%-50%

0 30%-39%

70 o <30%

60
= 49.1
£ 507 - 45.9
3
& 40

30 26.5 26.7

207 157 17.1

10.3
10- 8.7
0 T 1
Primary Implants Total

100
ml
90
ol
80 ol
oV
70
. 60
X
12)
S 50
B 40.8 4.2
* 40
30.5
304 278 28.4 254
20
10
3.0 2.9
0- T 1
Primary Implants Total

Figure 4. Left ventricular ejection fraction (LVEF) of the patients in the
registry (primary implants and total implants).

a primary implant. It was carried out in 532 (30.3%) of
the 1757 patients who underwent implantation for the
first time and for whom this information was reported.
In most cases, it was performed in the context of secondary
prevention in patients who had had a previous infarction
or those with dilated cardiomyopathy and SMVT; SMVT
was the arrhythmia most frequently induced (54%). No
sustained arrhythmia was induced in 32% of the studies.

Figure 5. Functional class of the patients in the registry (primary implants
and total implants).

Indications

The most common indication for ICD placement was
ischemic heart disease and previous infarction. In this
group, the indication for secondary prevention is slightly
greater than for primary prevention, although primary
prevention was the indication in 41.8% of the cases in
which this information was available. The next most
common indication in descending order of frequency
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Figure 6. Clinical arrhythmia of the patients in the registry (primary
implants and total implants). NSVT indicates nonsustained ventricular
tachycardia; SMVT, sustained monomorphic ventricular tachycardia;
VF/PVT, ventricular fibrillation/paroxysmal ventricular tachycardia.

Figure 7. Clinical presentation of arrhythmia in the patients of the re-
gistry (primary implants and total implants). SCD indicates sudden
cardiac death.
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Figure 8. Changes in the major
indications  for implantable
cardioverter defibrillators (primary
implants) between 2002 and 2007.
SD indicates aborted sudden death;
SMVT, sustained monomorphic
ventricular tachycardia; syncope,
syncope without documented
electrocardiographic evidence of
arrhythmia.

Prophylactic
Indication

was primary prevention in patients with dilated
cardiomyopathy, who accounted for more than half the
indications in this type of heart disease (55.2%). Among
these cases, 58% of the implanted devices provided
cardiac resynchronization therapy (CRT).

In patients with hypertrophic cardiomyopathy and
Brugada syndrome, the majority of the indications were
for primary prevention.

Table 5 details the changes in the incidences of the
indications for the most prevalent heart diseases in the
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last 3 years (when the registry is most representative)
and Figure 8 presents the changes in these indications,
grouped together, over the last 6 years.

Setting and Personnel

Information on setting and personnel was available for
94.2% of the primary implants and 93.1% of the
replacements ones. Implantation was carried out in the
catheterization laboratory in 63.7% of the cases and in
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TABLE 5. Number of Primary Implants in 2005, 2006, and 2007 According to Type of Heart Disease, Clinical

Arrhythmia, and Presentation

Type of Heart Disease and Indication 2005 2006 2007
Ischemic heart disease
Aborted sudden cardiac death 82 (10.7) 105 (8.6) 113 (9.3)
Syncopal SMVT 123 (16.2) 158 (12.9) 125 (10.3)
Nonsyncopal SMVT 168 (22) 197 (16) 207 (17)
Syncope without documented arrhythmia? 109 (14.3) 165 (13.5) 172 (14.1)
Prophylactic indication 238( 1.2) 80R 520 (42.4) 200R 509( 1.8) 187R
Missing/unclassifiable 44 (5.6) 81 (6.6) 92 (7.5)
Total 764 1226 1218
Dilated cardiomyopathy
Aborted sudden cardiac death 16 (5.1) 21 (4.6) 29 (4.8)
Syncopal SMVT 47 (15) 46 (9.9) 48 (7.9)
Nonsyncopal SMVT 33 (10.5) 55 (11.9) 49 (8.1)
Syncope without documented arrhythmia 37 (11.9) 62 (13.9) 81 (13.4)
Prophylactic indication 136 (43.5) 91R 228 (49.5) 133R 334 (55.2) 193R
Missing/unclassifiable 44 (14) 49 (10.6) 64 (10.6)
Total 313 461 605
Valvular heart disease
Aborted sudden cardiac death 6 (13.6) 9 (14) 12 (11.8)
SMVT 20 (45.5) 10S 20 (31.3) 11S 27 (26.5) 19S
Syncope without documented arrhythmia? 6 (13.6) 10 (15.6) 11 (10.8)
Prophylactic indication for left ventricular dysfunction 10 (22.7) 19(29.7) 49 (48)
Missing/unclassifiable 2 (4.6) 6(9.4) 3(2.9)
Total 44 64 102
Hypertrophic cardiomyopathy
Secondary prevention 10 (14.3) 16 (17.8) 19 (18.6)
Prophylactic implant 58 (82.3) 67 (74.4) 77 (75.5)
Missing/unclassifiable 2 (3.4) 7(7.8) 6(5.9)
Total 70 90 102
Brugada syndrome
Aborted sudden cardiac death 10 (21.7) 6 (9.5) 5(6.9)
Prophylactic implant with syncope 18 (39.1) 25 (39.7) 20 (27.9)
Prophylactic implant without syncope 16 (34.8) 20 (31.7) 41 (56.9)
Missing/unclassifiable 2(4.4) 12 (19.1) 6(8.3)
Total 46 63 72
Arrhythmogenic right ventricular cardiomyopathy
Aborted sudden cardiac death 1(4) 5(23.8) 1(3.7)
SMVT 15 (60) 12S 8(38.1) 1S 13 (48.2) 4S
Prophylactic implant 3(12) 6 (28.6) 11 (40.7)
Missing/unclassifiable 6 (24) 2 (9.5) 2(7.4)
Total 25 21 27
Congenital heart disease
Aborted sudden cardiac death 1(14.2) 3(20) 2 (16.7)
SMVT 3 (43) 3(20) 2 (16.7)
Prophylactic implant 2 (28.6) 7(46.7) 4 (33.3)
Missing/unclassifiable 1(14.2) 2 (13.3) 4 (33.3)
Total 7 15 12
Long QT syndrome
Aborted sudden cardiac death 5(28) 6 (25) 14 (46.7)
Prophylactic implant 13(72) 15 (62.5) 16 (53.3)
Missing/unclassifiable 3(12.5) 0
Total 18 24 30

aNo documented arrhythmias during the episode of syncope.

CRT indicates cardiac resynchronization therapy; SMVT, sustained monomorphic ventricular tachycardia.

Data are expressed as n (%) for each type of heart disease.

Rev Esp Cardiol. 2008;61(11):1191-203 1199



Peinado Peinado R et al. Spanish Implantable Cardioverter-Defibrillator Registry. Fourth Official Report (2007)

the operating room in 36.3%. There were no reports of
procedures done in other settings.

The implantations were carried out by
electrophysiologists in 70% of the cases, by heart surgeons
in 25.3% of the patients, and by other specialists in 4.7%.

Positioning of the Generator

In the majority of cases, the generator was implanted
in a subcutaneous pectoral position (87.3% of all implants
and 90.5% of the primary implants). The submuscular
pectoral position was employed in 12% of the implants
in the group as a whole and in 9.4% of the primary
implants. Abdominal implantation was done in 3 primary
implants and 18 replacements (0.1% of primary implants
and 0.7% of all implants).

Device Type

When all the implants (primary implants and
replacements) were analyzed, the percentages of single-
chamber ICDs, dual-chamber ICDs, and CRT devices
were 46.6%, 24.1%, and 29.3%, respectively. When only
primary implants were evaluated, these proportions were
46.5%, 23.4%, and 30.1%, respectively. According to
the data provided by the EUCOMED, in 2007, 1760
single-chamber ICDs (48.2%), 784 dual-chamber ICDs
(21.4%), and 1108 CRT devices (30.4%) were implanted.

Reasons for Replacement. Substitution
of Electrodes in Replacement Generators,
and Use of Additional Electrodes

Of the reported replacements, information on the reason
for replacement was available in 76% of the cases. Of
these, 85.7% were due to battery depletion and the
remainder was due to complications. Of the replacements
due to complications, 76% (n=79) took place within the
first 6 months after implantation.

Information on the functioning of the original electrodes
was available in 75% of the cases. The proportion of
nonfunctioning electrodes was 10.4%. Half of the
nonfunctioning electrodes were explanted.

ICD Programming

Antibradycardia pacing was primarily in VVI mode
(46.7%), with VVIR mode being used in 11.8% of the
cases, DDD in 23.7%, DDDR in 14.2%, and other pacing
modes in 3.6% of the cases (mainly modes selected to
reduce the percentage of ventricular pacing in dual-
chamber devices).

The device was programmed for ventricular
antitachycardia pacing in 86.2% of the cases, with a
combination of ventricular and atrial pacing in 4.7%.
Antitachycardia pacing was not programmed during
implantation in 9.1% of the cases.
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Both ventricular and atrial defibrillation or cardioversion
therapies were programmed in 5.3% of the cases.

Complications

Seven deaths (1.5/1000 procedures), 2 cases of cardiac
tamponade, and 3 cases of pneumothorax were reported
during implantation. Other complications were reported
in 12 patients (acute heart failure, high defibrillation
thresholds, early electrode displacement, etc).

DISCUSSION

In 2007, the Spanish ICD registry has once again
become more representative, exceeding 90% of the
procedures performed for the first time. The data in the
registry can therefore be considered a good reflection of
the indications, clinical characteristics of the patients,
implant parameters, type of device, programming, and
complications of implanted ICDs in Spain, and a good
reference for real clinical practice in these aspects. To
an even greater extent than in previous years, almost all
implantation procedures were reported prospectively.
This achievement has been made possible through the
efforts of professionals who have collaborated with the
registry.

Comparison With Previous Years

With respect to previous years, the number of implant
centers has remained stable. Nevertheless, the total number
of implants reported to the registry and the number of
implants per million population have continued to increase
due to an increase in the number of implantations
performed and the number reported to the registry. The
proportion of primary implants has decreased slightly
compared to 2007, and these procedures now account
for 77.1% of all those reported compared to 80% the
previous year. There have been no significant changes
in the epidemiological characteristics of the patients,
which are similar in terms of mean age and the marked
predominance of the male sex. There has been a slight
change however in terms of the heart disease presented
by the patient with a relative reduction in the proportion
of patients with ischemic heart disease and an increase
in the number of those with dilated cardiomyopathy.
Patients with severe or moderate-to-severe ventricular
dysfunction continue to be in the majority along with
those in functional class IT and III, with the gradual
increase of previous years being maintained, related to
the increase in the number of prophylactic procedures.

With respect to the type of indications, in 2007, in
contrast to previous years in which a progressive increase
in prophylactic implants was seen, a leveling off occurred.
The prophylactic indication, taking into account all heart
disease, as in 2006, exceeded 50% of all implants,
although the increase was modest (50.3% vs 50.7%).
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This leveling-off was particularly evident in the group
of patients with previous infarction, in whom such
indications were fewer than the 42% of the previous year.
Nevertheless, in patients with dilated cardiomyopathy,
the growth in prophylactic indications in previous years
has been maintained, although it was not as marked, and
in 2007 this disease accounted for 55.2% indications in
this group of patients. This growth has occurred mainly
because of increased numbers of ICDs with CRT rather
than conventional ICD devices. This finding contrasts
with that reported in other European countries, where
the number of prophylactic implants has continued to
rise, probably because the clinical practice guidelines,
which are based on the main primary prevention clinical
trials, are more closely adhered to.>¢

The differences observed in the clinical characteristics
between the primary implant group and the implant group
as a whole reflects the greater proportion of implants for
primary prevention in current clinical practice. The implant
group as a whole included replacement ICDs implanted
between 4 and 8 years earlier, a time when most of the
indications for ICD placement in Spain were for secondary
prevention. The greater current proportion of indications
for primary prevention is explained by the almost
statistically significant trend toward a greater percentage
of patients with severe LV dysfunction in functional class
[T in the primary implant group, as well as a greater number
of patients with no documented clinical arrhythmia and a
tendency toward a greater proportion of asymptomatic
patients in terms of arrhythmias in that group.

The number of ICDs plus CRT devices has continued
to increase, as in 2006, particularly for primary prevention,
which is the main indication for this type of device. The
proportion of dual-chamber ICDs has also increased at
the same time as the proportion of single-chamber ICDs
has decreased.

The lack of differences in the percentage of ICDs with
CRT in the implant group as a whole and primary implants
can be explained mainly by the fact that many replacement
ICDs involved switching a conventional ICD for an ICD
with CRT.

There were no significant changes in terms of
programming of antitachycardia pacing functions or the
antibradycardia pacing mode, although it is once again
of note the greater number of pacing modes for preventing
ventricular pacing in patients without CRT.

Finally, the proportion of implants done in the
catheterization laboratory by electrophysiologists has
remained stable at approximately 70%. Likewise, the
proportion of subcutaneous implantations has remained
stable.

Comparison With Registries in Other
Countries

The data provided by EUCOMED for 2007 (industry
data on ICDs) includes implantation of ICDs and ICDs

with CRT for Germany, Italy, the Netherlands, Denmark,
Austria, Ireland, Belgium, Switzerland, France, Finland,
Sweden, the United Kingdom, Norway, Portugal, and
Spain. They indicate a mean number of implants per
million population of 189, ranging from 89 implantation
procedures in Spain (80.8 assuming the population
according to the Spanish National Institute of Statistics
on January 1, 2007 was 45.2 million and not 41 million
as assumed by the EUCOMED) to 317 in Germany. The
countries above the European average were Italy, with
273 implants per million population, the Netherlands
(264), Denmark (199), and Austria (193). Below the
European average were Ireland (170), Belgium (153),
Switzerland (149), France (125), Finland and Sweden
(both 109), the United Kingdom (104), Norway (101),
and Portugal (91). The increase in the average number
of implantation procedures compared to 2006 in all these
countries was 15.6% for ICDs and 21.2% for ICDs with
CRT, whereas in Spain, it was 13.3% and 30.7%,
respectively. The mean proportion of ICDs with CRT as
a percentage of all ICDs was 33%; in Spain it was 30%,
and ranged from 43% in Italy and 19% in Finland.

Recently, the first results of the National Implantable
Cardioverter Defibrillator Registry have been published
in the United States. This registry was created in 2005
with the collaboration of the American College of
Cardiology Foundation and the Heart Rhythm Society.
Participation is mandatory for implantation procedures
done for primary prevention (a requirement of the Center
for Medicare and Medicaid Services) and voluntary for
other indications.” As with the Spanish registry, it collects
demographic data of the patients and indications for ICD
placement, and although it is only mandatory to return
data for primary prevention, 73% of the centers
(performing 88% of the implantations) submitted data
for all types of indication. It was launched in 2006 and
from April 2006 through July 2007 had collected data
from 1318 hospitals in the United States and a total of
160000 ICD procedures. In total, 79.2% of the implants
reported were for prophylactic purposes, in marked
contrast to the Spanish registry. The mean age of the
patients was 68.3 (12.5) years, that is, older than the
Spanish patients, and the percentage of men was slightly
lower (74.1%). The most common heart disease was
ischemia with prior infarction, accounting for 55.3% of
the implants, followed by dilated cardiomyopathy
(29.8%), percentages fairly similar to those in the Spanish
registry. Forty-six percent of the patients were in functional
class Il and the mean ejection fraction was 27% (11%).
The implantations involved devices with CRT in 37.5%
of the cases and 38.8% were dual-chamber devices—
higher figures than for Spain. Eighty-two percent of
the implantation procedures were performed by
electrophysiologists, also a greater proportion than in the
Spanish registry. The American registry also gathers data
on complications; mortality was similar to that reported
for Spain (0.02%).
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Data for 2007 for the other regular registries such as
the Danish and Portuguese registries have not been
published.?

Geographic Distribution and Regional
Differences

The information in the 2007 ICD registry continues
to indicate, as in the preceding year, that geographical
differences exist in terms of the available resources,
indications, and numbers of ICD implants in Spain.
Seven autonomous communities exceeded the national
average: Cantabria, Navarre, Castille-Leon, Madrid,
Galicia, Valencia, and Aragon, the same as in 2006
except for one. Nevertheless, there is a slight trend
towards an evening out of the differences compared to
the data for 2006. In 2007, there was an almost
significant trend toward a correlation between the
number of implantation units per million population
and the number of implants per million population in
the different autonomous communities, and this
correlation, although weaker, was significant at the
provincial level. The number of implants per million
inhabitants in most provinces with a hospital or hospitals
with ICD implantation facilities was greater than in
the provinces without such facilities. This observation
is in line with that published by Fitch-Warner et al® in
a study of the variation between autonomous
communities in terms of usage of cardiovascular
technologies. This study drew attention to, among other
things, the influence of the offer of health care in
explaining the variation in the indications for
cardiovascular technology, linked in turn to regional
resources. It is likely that adherence to clinical practice
guidelines, particularly with regard to prophylactic
indications of ICDs and ICDs with CRT, would help
explain part of this variation.

Limitations

The implants reported to the registry do not account
for all those performed in Spain, but, given that they
constitute more than 90% of the total, it can be considered
representative of the nationwide situation. In addition,
the regional differences should be interpreted with caution
since the proportion of implantation procedures reported
to the registry by some centers is low. Nevertheless, there
are fortunately now few centers with marked differences
between the procedures reported and those actually
performed.

Information on most of the variables on the data
collection form was provided in over 80% of the implants
reported to the registry. However, in some centers this
percentage was low, and so the validity might be lower.
A positive aspect in this sense is that the percentage of
completed fields of the collection form, which had
decreased slightly in 2006, had improved in 2007.
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The indications for ICD placement for primary
prevention in patients with ischemic heart disease and
dilated cardiomyopathy, as in previous years, have not
been detailed according to indication (MADIT II, SCD-
HeF, etc), given that not all the information necessary
for such a subdivision is available.

Finally, the complications reported only correspond
to those occurring during the procedure itself, and those
that may occur or be detected shortly afterwards, such
as developing heart failure, hematomas, electrode
displacements, and many pneumothorax, are not included.

CONCLUSIONS

The 2007 Spanish ICD Registry recorded 90% of the
ICD implants performed in Spain, the highest percentage
to date, and so the registry can be considered representative
of the scale and indications for this procedure in our
country. The number of implants reported to the registry
has continued the growth of preceding years, reaching
72.8 per million population in 2007. This figure is still
slightly below the mean for the most developed countries
of the European Union, where the growth has been more
marked over the last year. Implantation of ICD devices
for primary prevention stabilized last year and still
accounts for more than half the indications for the
procedure. As in previous years, there are substantial
variations in implantations within Spain.
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