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R E S U M E N

Introducción y objetivos: El Registro Español de Desfibrilador Automático aporta datos de actividad desde
el año 2002.
Métodos: Los datos de este registro provienen de los centros implantadores, que cumplimentaron
voluntariamente una hoja de recogida de datos.
Resultados: Durante 2017 se han recibido 6.273 hojas de implante, frente a las 6.429 comunicadas por
Eucomed (European Confederation of Medical Suppliers Associations); por lo tanto, se han recogido datos
del 97,6% de los dispositivos implantados en España. El cumplimiento osciló entre el 99,7% en el campo
«nombre del hospital implantador» y el 46,1% en la variable «clase funcional de la New York Heart
Association». Comunicaron sus datos al registro 181 hospitales, lo que supone un aumento respecto a los
que participaron en 2016 (177) y años anteriores (169 en 2015, 162 en 2014, 154 en 2013 o 153 en 2012).
Conclusiones: Después de varios años de crecimiento en el número de implantes por millón de
habitantes, este año se ha reducido. Como en los años previos, el número total de implantes en España
sigue siendo muy inferior a la media de la Unión Europea, y la diferencia continúa aumentando, al igual
que persisten las importantes diferencias entre comunidades autónomas españolas.
!C 2018 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.
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A B S T R A C T

Introduction and objectives: The Spanish Automatic Defibrillator Registry has provided activity data since
2002.
Methods: The data in this registry are submitted by implantation centers that voluntarily complete a
data collection sheet.
Results: During 2017, a total of 6273 implant sheets were received, compared with 6429 reported by
Eucomed (European Confederation of Medical Suppliers Associations). Therefore, the registry contains
data on 97.6% of the devices implanted in Spain. Compliance ranged from 99.7% for the field ‘‘name of the
implanting hospital’’ to 46.1% for the variable ‘‘New York Heart Association functional class’’. A total of
181 hospitals reported data to the registry, representing an increase compared with the number of
participating hospitals in 2016 (177) and in previous years (169 in 2015, 162 in 2014, 154 in 2013, and
153 in 2012).
Conclusions: The number of implants per million inhabitants in Spain increased for several years but
decreased in 2017. As in previous years, the total number of implants in Spain is still much lower than the
European Union average, and the gap continues to widen. There are still substantial differences between
autonomous communities.

!C 2018 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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(3,1%), las valvulopatı́as (1,6%) y la displasia arritmogénica del
ventrı́culo derecho (0,4%) (figura 4).

En el 68,67% de los formularios registrados se indicó la función
sistólica ventricular izquierda. En el grupo total de pacientes
registrados, el 17,4% tenı́a una fracción de eyección del ventrı́culo
izquierdo > 50%; el 8,5%, de un 50-41%; el 8,3%, de un 40-36%; el
20,6%, de un 35-31%, y el 45,2%, ! 30% (figura 5). Al analizar por
separado los primoimplantes y los recambios de DAI, se observa
una distribución similar.

En el 46,1% de los formularios registrados se consignó la clase
funcional de la NYHA. La mayorı́a de los pacientes se encontraban
en NYHA II (53,4%), seguida de NYHA III (28,3%), NYHA I (16,5%) y
NYHA IV (1,9%). También en esta variable la distribución entre el
total y los primoimplantes es muy similar (figura 6).

En el 72,1% de los casos se registró el ritmo de base de los
pacientes, que fue mayoritariamente sinusal (79%), seguido por
fibrilación auricular (16%) y ritmo de marcapasos (4,58%). Los
demás pacientes mostraba otros ritmos (aleteo auricular y otras
arritmias).

Arritmia clı́nica que motivó el implante, forma de presentación
y arritmia inducida en el estudio electrofisiológico

La arritmia clı́nica que motivó el implante consta en el 67,3% de
los formularios remitidos al registro. En el grupo de primoim-
plantes, la mayorı́a de los pacientes no tenı́an arritmias clı́nicas
documentadas (59,9%); el 17,0% mostró taquicardia ventricular
monomorfa sostenida; el 10,9%, taquicardia ventricular no
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Figura 1. Distribución de la actividad por comunidades autónomas en 2017: número de centros implantadores/tasa por millón de habitantes/total de implantes.
Tasa media, 135 implantes/millón.
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Figura 2. Número total de implantes registrados y los estimados por Eucomed en los años 2008-2017. DAI: desfibrilador automático implantable; Eucomed:
European Confederation of Medical Suppliers Associations.
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(3,1%), las valvulopatı́as (1,6%) y la displasia arritmogénica del
ventrı́culo derecho (0,4%) (figura 4).

En el 68,67% de los formularios registrados se indicó la función
sistólica ventricular izquierda. En el grupo total de pacientes
registrados, el 17,4% tenı́a una fracción de eyección del ventrı́culo
izquierdo > 50%; el 8,5%, de un 50-41%; el 8,3%, de un 40-36%; el
20,6%, de un 35-31%, y el 45,2%, ! 30% (figura 5). Al analizar por
separado los primoimplantes y los recambios de DAI, se observa
una distribución similar.

En el 46,1% de los formularios registrados se consignó la clase
funcional de la NYHA. La mayorı́a de los pacientes se encontraban
en NYHA II (53,4%), seguida de NYHA III (28,3%), NYHA I (16,5%) y
NYHA IV (1,9%). También en esta variable la distribución entre el
total y los primoimplantes es muy similar (figura 6).

En el 72,1% de los casos se registró el ritmo de base de los
pacientes, que fue mayoritariamente sinusal (79%), seguido por
fibrilación auricular (16%) y ritmo de marcapasos (4,58%). Los
demás pacientes mostraba otros ritmos (aleteo auricular y otras
arritmias).

Arritmia clı́nica que motivó el implante, forma de presentación
y arritmia inducida en el estudio electrofisiológico

La arritmia clı́nica que motivó el implante consta en el 67,3% de
los formularios remitidos al registro. En el grupo de primoim-
plantes, la mayorı́a de los pacientes no tenı́an arritmias clı́nicas
documentadas (59,9%); el 17,0% mostró taquicardia ventricular
monomorfa sostenida; el 10,9%, taquicardia ventricular no
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Figura 1. Distribución de la actividad por comunidades autónomas en 2017: número de centros implantadores/tasa por millón de habitantes/total de implantes.
Tasa media, 135 implantes/millón.
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CLINICAL RESEARCH
Sudden death and ICDs

Current use of implantable electrical devices in
Sweden: data from the Swedish pacemaker and
implantable cardioverter-defibrillator registry
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Aims The National Swedish Pacemakerand ImplantableCardioverter-Defibrillator (ICD) Registry collects prospectivedata on
all pacemaker and ICD implants in Sweden. We aimed to report the 2012 findings of the Registry concerning electrical
devices implantation rates and changes over time, 1 year complications, long-term device longevity and patient survival.

Methods
and results

Forty-four Swedish implanting centres continuously contribute implantation of pacemakers and ICDs to the Registry by
direct data entry on a specific website. Clinical and technical information on 2012 first implants and postoperative com-
plications were analysed and compared with previous years. Patient survival data were obtained from the Swedish popu-
lation register database. In 2012, the mean pacemaker and ICD first implantation rates were 697 and 136 per million
inhabitants, respectively. The number of cardiac resynchronization therapy (CRT) first implantations/million capita
was 41 (CRT pacemakers) and 55 (CRT defibrillators), with only a slight increase in CRT-ICD rate compared with
2011. Most device implantations were performed in men. Complication rates for pacemaker and ICD procedures
were 5.3 and 10.1% at 1 year, respectively. Device and lead longevity differed among manufacturers. Pacemaker patients
were older at the time of first implant and had generally worse survival rate than ICD patients (63 vs. 82% after 5 years).

Conclusion Pacemaker and ICD implantation rates seem to have reached a level phase in Sweden. Implantable cardioverter-defibril-
latorand CRT implantation rates arevery lowand donot reflect guideline indications.Gender differences in CRTand ICD
implantations are pronounced. Device and patient survival rates are variable, and should be considered when deciding
device type.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Pacemaker † Implantable cardioverter defibrillator † Cardiac resynchronization therapy † Registry † Implant rates

Introduction
Over the last decades, clinical indications for pacemakers and implanta-
ble cardioverter-defibrillator (ICD) implantation have widened based
on the results of large randomized clinical trials and implementation
of European guidelines.1 Moreover, the indications for cardiac resyn-
chronization therapy (CRT), delivered by a pacemaker (CRT-P) or a
cardioverter-defibrillator (CRT-D), have rapidly expanded, and CRT
iscurrentlyestablishedasavaluableadditive treatment forsymptomatic
heart failurepatients with wide QRS.1–4 With thebroadeningof clinical
indications, electrical device implantations have increased in several
countries, although the implementation of ICD and in particular CRT
therapy in clinical practice is still suboptimal,5 and marked differences
can be observed between European countries.6

This raised the need for monitoring the ‘real-world’ pacing and elec-
trophysiology practice within and across European countries. Local
survey- and registry-based studies7–12 and comprehensive European
surveys6,13–19 have started to be published in this field. The European
CRT Survey indicated that the prescription of CRT in Europe varied
between countries, and was often outside guidelines.16

The Swedish Pacemaker and ICD registry (http://www.pacema
kerregistret.se) provides a real-time picture of the useof pacemakers,
ICDs and CRT devices in clinical practice across Sweden. Of note,
data are provided by all implanting centres, making the Registry
highly representative of all implanting activity in Sweden. The very
long time course of the Registry allows interpreting the current
results in a temporal perspective, with pacemakers being entered
since 1989 and ICDs since 2004. A comprehensive analysis of clinical

* Corresponding author. Tel:+39 051 344859; fax: +39 051 349858, E-mail address: cinzia.valzania@gmail.com
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Abstract 

Background  Cardiac implantable electronic devices (CIEDs) greatly improve survival and life quality of patients. However, there are 
gender differences regarding both the utilization and benefit of these devices. In this prospective CIED registry, we aim to appraise the gen-
der differences in CIED utilization in China. Methods  Twenty centers from 14 provinces in China were included in our registry study. All 
patients who underwent a CIED implantation in these twenty centers between Jan 2015 and Dec 2016 were included. Results  A total of 
8570 patients were enrolled in the baseline cohort, including 7203 pacemaker, 664 implantable cardiac defibrillators (ICD) implants and 703 
cardiac resynchronization therapy device (CRT/D). Totally, 4117 (48.0%) CIED patients were female, and more than 59% pacemaker pa-
tients were female, but women account only one third of ICD or CRT/D implantation in this registry. There were significant differences be-
tween genders at pacemaker and ICD indications. Female was more likely received a pacemaker due to sick sinus syndrome (SSS) (63.9% vs. 
51.0%, P < 0.001). Female patients receiving an ICD were more likely due to cardiac ion channel disease (29.2% vs. 4.2%, P < 0.001). The 
percentage of utilization of dual-chamber pacemaker in female patients was significantly higher than male (85.3% vs. 81.1%, P < 0.001). But 
male patients were more likely received a cardiac resynchronization therapy devices with defibrillator than female (56.5% vs. 41.9%, P = 
0.001). In pacemaker patient, male was more likely to have structure heart disease (31.3% vs. 28.0%, P = 0.002). In ICD patient, male patients 
were more likely to have ischemic heart disease (48.2% vs. 29.2%, P < 0.001). The mean age of women at the time of CRT/D implantation 
was older than men (P = 0.014). Nonischemic cardiomyopathy (70.9%) was the most common etiology in the patients who underwent the treat-
ment of CRT/D, no matter male or female. Conclusions  In real-world setting, female do have different epidemiology, pathophysiology and 
clinical presentation of many cardiac rhythm disorders when compared with male, and all these factors may affect the utilization of CIED 
implantation. But it also possibility that cultural and socioeconomic features may play a role in this apparent discrimination. 

J Geriatr Cardiol 2018; 15: 310�314. doi:10.11909/j.issn.1671-5411.2018.04.010 
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1  Background � 

The use of cardiac implantable electronic devices (CIEDs) 
has greatly increased in the past ten years in China, as tech-
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niques advance and age of the population increased. The 
professional societies have issued several guidelines for 
CIED. However, these guidelines have often been derived 
from large clinic trials which enrolled predominantly males. 
Whether or not they are also suitable for the female patients 
is unknown as the gender differences in heart rhythm dis-
eases and CIEDs usage have been increasingly recognized.  

Post-hoc meta-analysis indicated that women with mild 
heart failure (HF), left bundle branch block (LBBB), and a 
QRS duration of 130–149 ms benefited more from cardiac 
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Aims Implantable cardioverter-defibrillators (ICDs) improve survival in certain high arrhythmic risk populations. However,
there are sex differences regarding both the utilization and the benefit of these devices. Using a prospective national
ICD registry, we aim to compare the indications for ICD implantation as well as outcomes in implanted women vs. men.

Methods
and results

All subjects implanted with an ICD orcardiac resynchronization therapy with a defibrillator (CRTD) in Israel between July
2010 and February 2013 were included. A total of 3544 subjects constructed the baseline cohort, of whom 615 (17%)
were women. Women had the same age (64 years) and rate of secondary prevention indication (26%) as men.
However, women were more likely than men to have significant heart failure symptoms (52 vs. 45%), QRS . 120 ms
(41 vs. 36%), and a higher rate of non-ischaemic cardiomyopathy (54 vs. 21%, all P values ,0.05). Using multivariate ana-
lysis,womenweremore likely toundergoCRTDimplantation (odds ratio ¼ 1.8,P , 0.01). Follow-updatawereavailable
for 1518 subjects with a mean follow-up of 12 months. During follow-up, there were no significant differences among
genders in the rate of any single or the combined outcomes of appropriate device therapies, heart failure admissions,
or death. First-year re-intervention rate was double among women (5.6 vs. 3.0%, P , 0.01).

Conclusion In real-world setting, women implantedwith an ICDdiffer significantly frommen in their baselinecharacteristics and in the
use of CRTD devices. These, however, did not translate into outcome differences.
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Background
Numerous studies have consistently shown that implantable
cardioverter-defibrillators (ICDs) reduce mortality when used for
theprimarypreventionof suddencardiacdeath1 –3 or for the second-
ary prevention of such an event.4,5 Accordingly, current practice
guidelines6,7 advocate implantation of ICDs according to the
characteristics of the populations studied; including those with

previous myocardial infarction (MI) or heart failure (HF) with signifi-
cantly reduced left ventricular ejection fraction (LVEF) of ,0.30–
0.35, and those who survived life-threatening ventricular arrhythmia
such as ventricular tachycardia or fibrillation.

Although current guidelines apply to both women and men, there
are sex-related differences in the rate of utilization of ICDs. Recent
studies suggested that men were three times more likely to receive
a device for primary prevention and more than twice for secondary
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Aims The National Swedish Pacemakerand ImplantableCardioverter-Defibrillator (ICD) Registry collects prospectivedata on
all pacemaker and ICD implants in Sweden. We aimed to report the 2012 findings of the Registry concerning electrical
devices implantation rates and changes over time, 1 year complications, long-term device longevity and patient survival.

Methods
and results

Forty-four Swedish implanting centres continuously contribute implantation of pacemakers and ICDs to the Registry by
direct data entry on a specific website. Clinical and technical information on 2012 first implants and postoperative com-
plications were analysed and compared with previous years. Patient survival data were obtained from the Swedish popu-
lation register database. In 2012, the mean pacemaker and ICD first implantation rates were 697 and 136 per million
inhabitants, respectively. The number of cardiac resynchronization therapy (CRT) first implantations/million capita
was 41 (CRT pacemakers) and 55 (CRT defibrillators), with only a slight increase in CRT-ICD rate compared with
2011. Most device implantations were performed in men. Complication rates for pacemaker and ICD procedures
were 5.3 and 10.1% at 1 year, respectively. Device and lead longevity differed among manufacturers. Pacemaker patients
were older at the time of first implant and had generally worse survival rate than ICD patients (63 vs. 82% after 5 years).

Conclusion Pacemaker and ICD implantation rates seem to have reached a level phase in Sweden. Implantable cardioverter-defibril-
latorand CRT implantation rates arevery lowand donot reflect guideline indications.Gender differences in CRTand ICD
implantations are pronounced. Device and patient survival rates are variable, and should be considered when deciding
device type.
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Introduction
Over the last decades, clinical indications for pacemakers and implanta-
ble cardioverter-defibrillator (ICD) implantation have widened based
on the results of large randomized clinical trials and implementation
of European guidelines.1 Moreover, the indications for cardiac resyn-
chronization therapy (CRT), delivered by a pacemaker (CRT-P) or a
cardioverter-defibrillator (CRT-D), have rapidly expanded, and CRT
iscurrentlyestablishedasavaluableadditive treatment forsymptomatic
heart failurepatients with wide QRS.1–4 With thebroadeningof clinical
indications, electrical device implantations have increased in several
countries, although the implementation of ICD and in particular CRT
therapy in clinical practice is still suboptimal,5 and marked differences
can be observed between European countries.6

This raised the need for monitoring the ‘real-world’ pacing and elec-
trophysiology practice within and across European countries. Local
survey- and registry-based studies7–12 and comprehensive European
surveys6,13–19 have started to be published in this field. The European
CRT Survey indicated that the prescription of CRT in Europe varied
between countries, and was often outside guidelines.16

The Swedish Pacemaker and ICD registry (http://www.pacema
kerregistret.se) provides a real-time picture of the useof pacemakers,
ICDs and CRT devices in clinical practice across Sweden. Of note,
data are provided by all implanting centres, making the Registry
highly representative of all implanting activity in Sweden. The very
long time course of the Registry allows interpreting the current
results in a temporal perspective, with pacemakers being entered
since 1989 and ICDs since 2004. A comprehensive analysis of clinical
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Abstract 

Background  Cardiac implantable electronic devices (CIEDs) greatly improve survival and life quality of patients. However, there are 
gender differences regarding both the utilization and benefit of these devices. In this prospective CIED registry, we aim to appraise the gen-
der differences in CIED utilization in China. Methods  Twenty centers from 14 provinces in China were included in our registry study. All 
patients who underwent a CIED implantation in these twenty centers between Jan 2015 and Dec 2016 were included. Results  A total of 
8570 patients were enrolled in the baseline cohort, including 7203 pacemaker, 664 implantable cardiac defibrillators (ICD) implants and 703 
cardiac resynchronization therapy device (CRT/D). Totally, 4117 (48.0%) CIED patients were female, and more than 59% pacemaker pa-
tients were female, but women account only one third of ICD or CRT/D implantation in this registry. There were significant differences be-
tween genders at pacemaker and ICD indications. Female was more likely received a pacemaker due to sick sinus syndrome (SSS) (63.9% vs. 
51.0%, P < 0.001). Female patients receiving an ICD were more likely due to cardiac ion channel disease (29.2% vs. 4.2%, P < 0.001). The 
percentage of utilization of dual-chamber pacemaker in female patients was significantly higher than male (85.3% vs. 81.1%, P < 0.001). But 
male patients were more likely received a cardiac resynchronization therapy devices with defibrillator than female (56.5% vs. 41.9%, P = 
0.001). In pacemaker patient, male was more likely to have structure heart disease (31.3% vs. 28.0%, P = 0.002). In ICD patient, male patients 
were more likely to have ischemic heart disease (48.2% vs. 29.2%, P < 0.001). The mean age of women at the time of CRT/D implantation 
was older than men (P = 0.014). Nonischemic cardiomyopathy (70.9%) was the most common etiology in the patients who underwent the treat-
ment of CRT/D, no matter male or female. Conclusions  In real-world setting, female do have different epidemiology, pathophysiology and 
clinical presentation of many cardiac rhythm disorders when compared with male, and all these factors may affect the utilization of CIED 
implantation. But it also possibility that cultural and socioeconomic features may play a role in this apparent discrimination. 
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niques advance and age of the population increased. The 
professional societies have issued several guidelines for 
CIED. However, these guidelines have often been derived 
from large clinic trials which enrolled predominantly males. 
Whether or not they are also suitable for the female patients 
is unknown as the gender differences in heart rhythm dis-
eases and CIEDs usage have been increasingly recognized.  

Post-hoc meta-analysis indicated that women with mild 
heart failure (HF), left bundle branch block (LBBB), and a 
QRS duration of 130–149 ms benefited more from cardiac 
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Aims Implantable cardioverter-defibrillators (ICDs) improve survival in certain high arrhythmic risk populations. However,
there are sex differences regarding both the utilization and the benefit of these devices. Using a prospective national
ICD registry, we aim to compare the indications for ICD implantation as well as outcomes in implanted women vs. men.

Methods
and results

All subjects implanted with an ICD orcardiac resynchronization therapy with a defibrillator (CRTD) in Israel between July
2010 and February 2013 were included. A total of 3544 subjects constructed the baseline cohort, of whom 615 (17%)
were women. Women had the same age (64 years) and rate of secondary prevention indication (26%) as men.
However, women were more likely than men to have significant heart failure symptoms (52 vs. 45%), QRS . 120 ms
(41 vs. 36%), and a higher rate of non-ischaemic cardiomyopathy (54 vs. 21%, all P values ,0.05). Using multivariate ana-
lysis,womenweremore likely toundergoCRTDimplantation (odds ratio ¼ 1.8,P , 0.01). Follow-updatawereavailable
for 1518 subjects with a mean follow-up of 12 months. During follow-up, there were no significant differences among
genders in the rate of any single or the combined outcomes of appropriate device therapies, heart failure admissions,
or death. First-year re-intervention rate was double among women (5.6 vs. 3.0%, P , 0.01).

Conclusion In real-world setting, women implantedwith an ICDdiffer significantly frommen in their baselinecharacteristics and in the
use of CRTD devices. These, however, did not translate into outcome differences.
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Background
Numerous studies have consistently shown that implantable
cardioverter-defibrillators (ICDs) reduce mortality when used for
theprimarypreventionof suddencardiacdeath1 –3 or for the second-
ary prevention of such an event.4,5 Accordingly, current practice
guidelines6,7 advocate implantation of ICDs according to the
characteristics of the populations studied; including those with

previous myocardial infarction (MI) or heart failure (HF) with signifi-
cantly reduced left ventricular ejection fraction (LVEF) of ,0.30–
0.35, and those who survived life-threatening ventricular arrhythmia
such as ventricular tachycardia or fibrillation.

Although current guidelines apply to both women and men, there
are sex-related differences in the rate of utilization of ICDs. Recent
studies suggested that men were three times more likely to receive
a device for primary prevention and more than twice for secondary
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Sex 
  

 Gender



sexo 
Del lat. sexus.
1. m. Condición orgánica, masculina o femenina, de los animales y las plantas. 
2. m. Conjunto de seres pertenecientes a un mismo sexo. Sexo masculino, femenino. 
3. m. Órganos sexuales. 
4. m. Actividad sexual. Está obsesionado con el sexo.

género 
Del lat. genus, -ĕris.
1. m. Conjunto de seres que tienen uno o varios caracteres comunes. 
2. m. Clase o tipo a que pertenecen personas o cosas. Ese género de bromas no me gusta. 
3. m. Grupo al que pertenecen los seres humanos de cada sexo, entendido este desde un punto de vista 
sociocultural en lugar de exclusivamente biológico.



Efecto de las hormonas sexuales

Crespo-Leiro al; Rev Esp Cardiol 2006;59:725





Acute effects of sex steroid hormones 
on susceptibility to cardiac arrhythmias: 
a simulation study.

PLoS Comput Biol. 2010 Jan 29;6(1):e1000658

Estradiol: 

↑ Susceptibility to cardiac arrhythmias

Testosterone  
Progesterone 

↓ Susceptibility to cardiac arrhythmias
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R E S U M E N

Introducción y objetivos: El Registro Español de Desfibrilador Automático aporta datos de actividad desde
el año 2002.
Métodos: Los datos de este registro provienen de los centros implantadores, que cumplimentaron
voluntariamente una hoja de recogida de datos.
Resultados: Durante 2017 se han recibido 6.273 hojas de implante, frente a las 6.429 comunicadas por
Eucomed (European Confederation of Medical Suppliers Associations); por lo tanto, se han recogido datos
del 97,6% de los dispositivos implantados en España. El cumplimiento osciló entre el 99,7% en el campo
«nombre del hospital implantador» y el 46,1% en la variable «clase funcional de la New York Heart
Association». Comunicaron sus datos al registro 181 hospitales, lo que supone un aumento respecto a los
que participaron en 2016 (177) y años anteriores (169 en 2015, 162 en 2014, 154 en 2013 o 153 en 2012).
Conclusiones: Después de varios años de crecimiento en el número de implantes por millón de
habitantes, este año se ha reducido. Como en los años previos, el número total de implantes en España
sigue siendo muy inferior a la media de la Unión Europea, y la diferencia continúa aumentando, al igual
que persisten las importantes diferencias entre comunidades autónomas españolas.
!C 2018 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Spanish Implantable Cardioverter-defibrillator Registry. 14th Official Report
of the Spanish Society of Cardiology Electrophysiology and Arrhythmias Section
(2017)

Keywords:
Implantable cardioverter-defibrillator
Registry
Sudden death

A B S T R A C T

Introduction and objectives: The Spanish Automatic Defibrillator Registry has provided activity data since
2002.
Methods: The data in this registry are submitted by implantation centers that voluntarily complete a
data collection sheet.
Results: During 2017, a total of 6273 implant sheets were received, compared with 6429 reported by
Eucomed (European Confederation of Medical Suppliers Associations). Therefore, the registry contains
data on 97.6% of the devices implanted in Spain. Compliance ranged from 99.7% for the field ‘‘name of the
implanting hospital’’ to 46.1% for the variable ‘‘New York Heart Association functional class’’. A total of
181 hospitals reported data to the registry, representing an increase compared with the number of
participating hospitals in 2016 (177) and in previous years (169 in 2015, 162 in 2014, 154 in 2013, and
153 in 2012).
Conclusions: The number of implants per million inhabitants in Spain increased for several years but
decreased in 2017. As in previous years, the total number of implants in Spain is still much lower than the
European Union average, and the gap continues to widen. There are still substantial differences between
autonomous communities.

!C 2018 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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(3,1%), las valvulopatı́as (1,6%) y la displasia arritmogénica del
ventrı́culo derecho (0,4%) (figura 4).

En el 68,67% de los formularios registrados se indicó la función
sistólica ventricular izquierda. En el grupo total de pacientes
registrados, el 17,4% tenı́a una fracción de eyección del ventrı́culo
izquierdo > 50%; el 8,5%, de un 50-41%; el 8,3%, de un 40-36%; el
20,6%, de un 35-31%, y el 45,2%, ! 30% (figura 5). Al analizar por
separado los primoimplantes y los recambios de DAI, se observa
una distribución similar.

En el 46,1% de los formularios registrados se consignó la clase
funcional de la NYHA. La mayorı́a de los pacientes se encontraban
en NYHA II (53,4%), seguida de NYHA III (28,3%), NYHA I (16,5%) y
NYHA IV (1,9%). También en esta variable la distribución entre el
total y los primoimplantes es muy similar (figura 6).

En el 72,1% de los casos se registró el ritmo de base de los
pacientes, que fue mayoritariamente sinusal (79%), seguido por
fibrilación auricular (16%) y ritmo de marcapasos (4,58%). Los
demás pacientes mostraba otros ritmos (aleteo auricular y otras
arritmias).

Arritmia clı́nica que motivó el implante, forma de presentación
y arritmia inducida en el estudio electrofisiológico

La arritmia clı́nica que motivó el implante consta en el 67,3% de
los formularios remitidos al registro. En el grupo de primoim-
plantes, la mayorı́a de los pacientes no tenı́an arritmias clı́nicas
documentadas (59,9%); el 17,0% mostró taquicardia ventricular
monomorfa sostenida; el 10,9%, taquicardia ventricular no
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7.6 Treatments not recommended
(believed to cause harm) in symptomatic
patients with heart failure with reduced
ejection fraction
7.6.1 Calcium-channel blockers
Non-dihydropyridine calcium-channel blockers (CCBs) are not in-
dicated for the treatment of patients with HFrEF. Diltiazem and ver-
apamil have been shown to be unsafe in patients with HFrEF.214

There is a variety of dihydropyridine CCBs; some are known to
increase sympathetic tone and they may have a negative safety pro-
file in HFrEF. There is only evidence on safety for amlodipine215 and
felodipine216 in patients with HFrEF, and they can be used only if
there is a compelling indication in patients with HFrEF.

8. Non-surgical device treatment
of heart failure with reduced
ejection fraction
This section provides recommendations on the use of ICDs and
CRT. Currently, the evidence is considered insufficient to support

specific guideline recommendations for other therapeutic technolo-
gies, including baroreflex activation therapy,217 vagal stimulation,218

diaphragmatic pacing219,220 and cardiac contractility modula-
tion;221,222 further research is required. Implantable devices to
monitor arrhythmias or haemodynamics are discussed elsewhere
in these guidelines.

8.1 Implantable cardioverter-defibrillator
A high proportion of deaths among patients with HF, especially
those with milder symptoms, occur suddenly and unexpectedly.
Many of these are due to electrical disturbances, including ven-
tricular arrhythmias, bradycardia and asystole, although some are
due to coronary, cerebral or aortic vascular events. Treatments
that improve or delay the progression of cardiovascular disease
will reduce the annual rate of sudden death, but they may have lit-
tle effect on lifetime risk and will not treat arrhythmic events when
they occur. ICDs are effective in preventing bradycardia and cor-
recting potentially lethal ventricular arrhythmias. Some antiar-
rhythmic drugs might reduce the rate of tachyarrhythmias and
sudden death, but they do not reduce overall mortality and may
increase it.

8.1.1 Secondary prevention of sudden cardiac death
Compared with amiodarone treatment, ICDs reduce mortality
in survivors of cardiac arrest and in patients who have experi-
enced sustained symptomatic ventricular arrhythmias. An ICD
is recommended in such patients when the intent is to increase

survival; the decision to implant should take into account the
patient’s view and their quality of life, the LVEF (survival bene-
fit is uncertain when the LVEF is .35%) and the absence of
other diseases likely to cause death within the following
year.223 – 225

Recommendations for implantable cardioverter-defibrillator in patients with heart failure

Recommendations Class a Level b Ref c

Secondary prevention
An ICD is recommended to reduce the risk of sudden death and all-cause mortality in patients who have recovered from a 
ventricular arrhythmia causing haemodynamic instability, and who are expected to survive for >1 year with good functional status.

I A 223–226

Primary prevention
An ICD is recommended to reduce the risk of sudden death and all-cause mortality in patients with symptomatic HF (NYHA 
Class II–III), and an LVEF ≤35% despite ≥3 months of OMT, provided they are expected to survive substantially longer than one 
year with good functional status, and they have:

• IHD (unless they have had an MI in the prior 40 days – see below). I A 149, 156, 
227

• DCM. I B 156, 157, 
227

ICD implantation is not recommended within 40 days of an MI as implantation at this time does not improve prognosis. III A 158, 228

ICD therapy is not recommended in patients in NYHA Class IV with severe symptoms refractory to pharmacological therapy 
unless they are candidates for CRT, a ventricular assist device, or cardiac transplantation. III C 229–233

Patients should be carefully evaluated by an experienced cardiologist before generator replacement, because management goals 
and the patient’s needs and clinical status may have changed. IIa B 234–238

A wearable ICD may be considered for patients with HF who are at risk of sudden cardiac death for a limited period or as a 
bridge to an implanted device. IIb C 239–241

CAD ¼ coronary artery disease; CRT ¼ cardiac resynchronization therapy; DCM ¼ dilated cardiomyopathy; HF ¼ heart failure; ICD ¼ implantable cardioverter-defibrillator;
IHD ¼ ischaemic heart disease; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial infarction; NYHA ¼ New York Heart Association, OMT ¼ optimal medical therapy.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.
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ORIGINAL INVESTIGATION

Effectiveness of Implantable Cardioverter-
Defibrillators for the Primary Prevention
of Sudden Cardiac Death in Women
With Advanced Heart Failure
A Meta-analysis of Randomized Controlled Trials

Hamid Ghanbari, MD; Ghassan Dalloul, MD; Reema Hasan, MD; Marcos Daccarett, MD, MSc;
Souheil Saba, MD; Shukri David, MD; Christian Machado, MD

Background: Numerous clinical trials have estab-
lished a role for implantable cardioverter-defibrillators
in the prevention of sudden cardiac death in patients with
heart failure. However, questions remain that regard the
clinical benefit of these therapies in different patient sub-
groups. Specifically, the role of implantable cardioverter-
defibrillators in women with heart failure for the pri-
mary prevention of sudden cardiac death has not been
well established. Our objective is to determine whether
implantable cardioverter-defibrillators reduce mortality
in women with advanced heart failure.

Methods: We searched MEDLINE (1950-2008),
EMBASE (1988-2008, week 24), the Cochrane Con-
trolled Trials Register (third quarter, 2008), the Na-
tional Institute of Health ClinicalTrials.gov database, the
Food and Drug Administration Web site, and various re-
ports presented at scientific meetings (1994-2007). Eli-
gible studies were randomized controlled trials of im-
plantable cardioverter/defibrillators for the primary
prevention of sudden cardiac death in patients with heart

failure that reported all-cause mortality as an outcome
for the female population. Of the 2619 reports identi-
fied, 5 trials that enroll 934 women were included in the
meta-analysis.

Results: Pooled data from the 5 trials revealed no sta-
tistically significant decrease in all-cause mortality in
women with heart failure who receive implantable car-
dioverter-defibrillators (hazard ratio, 1.01; 95% confi-
dence interval, 0.76-1.33).

Conclusions: Implantable cardioverter-defibrillator
therapy for the primary prevention of sudden cardiac death
in women does not reduce all-cause mortality. Further
studies are needed to investigate the reasons for this ob-
servation and to define the population of women who may
benefit most from implantable cardioverter-defibrillator
therapy.

Arch Intern Med. 2009;169(16):1500-1506

T HE BURDEN OF HEART FAIL-
ure in the United States is
overwhelming. Heart fail-
ure affects approximately
5.3 million people, with

women comprising nearly half that popu-
lation.1 The annual incidence of heart fail-
ure is approximately 10 per 1000 patients
65 years and older, with men and women
affected in equal numbers.2 In patients di-
agnosed as having heart failure, sudden car-
diac death (SCD) occurs at 6 to 9 times the

rate of the general population.1,2 Despite
enormous progress in treatment, heart fail-
ure mortality rates remain unacceptably
high, with approximately 80% of men and

70% of women younger than 65 years with
heart failure dying within 8 years of diag-
nosis.1,2 Heart failure represents a signifi-
cant public health problem, with a signifi-
cant cost burden to the US health care
system of approximately $35 billion.1 Treat-
ment of heart failure includes optimiza-
tion of medical therapy in addition to pri-
mary prevention of SCD with implantation
of an implantable cardioverter-defibrilla-
tor (ICD) in those patients with reduced left
ventricular ejection fraction (LVEF). This
approach to the primary prevention of SCD
in patients with heart failure is the result
of multiple clinical trials that evaluated the
efficacy of ICDs in this population. This ap-
proach has led to a significant increase in
the rate of ICD implantations and is asso-
ciated with an estimated $50 000 to $90 000
per life-year saved during 12 to 20 years.3,4
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trials reported negative results, which would most likely
decrease the observed effect if these patients were in-
cluded in the meta-analysis.

Clinical trials of ICD therapy included in our analy-
sis used the total mortality rate as their primary end point.
However, ICDs can only affect mortality by the preven-
tion of death owing to malignant arrhythmias. There-
fore, the benefits observed in the reduction of overall mor-
tality rates are owing solely to the prevention of arrhythmic
death.31 However, arrhythmic death as an end point for
women was not exclusively reported for all the clinical
trials analyzed. This point warrants further investiga-
tion to determine whether there is a reduction in ar-
rhythmic death among women with heart failure who re-
ceive an ICD for the primary prevention of SCD.

Our analysis demonstrated that ICD therapy for the
primary prevention of SCD in women does not affect all-
cause mortality rates. There may be several explana-
tions for this important and surprising finding. Further
studies are warranted to investigate the reasons for this
observation and to elucidate the female population who
may benefit most from ICD therapy.
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trials reported negative results, which would most likely
decrease the observed effect if these patients were in-
cluded in the meta-analysis.

Clinical trials of ICD therapy included in our analy-
sis used the total mortality rate as their primary end point.
However, ICDs can only affect mortality by the preven-
tion of death owing to malignant arrhythmias. There-
fore, the benefits observed in the reduction of overall mor-
tality rates are owing solely to the prevention of arrhythmic
death.31 However, arrhythmic death as an end point for
women was not exclusively reported for all the clinical
trials analyzed. This point warrants further investiga-
tion to determine whether there is a reduction in ar-
rhythmic death among women with heart failure who re-
ceive an ICD for the primary prevention of SCD.

Our analysis demonstrated that ICD therapy for the
primary prevention of SCD in women does not affect all-
cause mortality rates. There may be several explana-
tions for this important and surprising finding. Further
studies are warranted to investigate the reasons for this
observation and to elucidate the female population who
may benefit most from ICD therapy.
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Effectiveness of Implantable Cardioverter-
Defibrillators for the Primary Prevention
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Background: Numerous clinical trials have estab-
lished a role for implantable cardioverter-defibrillators
in the prevention of sudden cardiac death in patients with
heart failure. However, questions remain that regard the
clinical benefit of these therapies in different patient sub-
groups. Specifically, the role of implantable cardioverter-
defibrillators in women with heart failure for the pri-
mary prevention of sudden cardiac death has not been
well established. Our objective is to determine whether
implantable cardioverter-defibrillators reduce mortality
in women with advanced heart failure.

Methods: We searched MEDLINE (1950-2008),
EMBASE (1988-2008, week 24), the Cochrane Con-
trolled Trials Register (third quarter, 2008), the Na-
tional Institute of Health ClinicalTrials.gov database, the
Food and Drug Administration Web site, and various re-
ports presented at scientific meetings (1994-2007). Eli-
gible studies were randomized controlled trials of im-
plantable cardioverter/defibrillators for the primary
prevention of sudden cardiac death in patients with heart

failure that reported all-cause mortality as an outcome
for the female population. Of the 2619 reports identi-
fied, 5 trials that enroll 934 women were included in the
meta-analysis.

Results: Pooled data from the 5 trials revealed no sta-
tistically significant decrease in all-cause mortality in
women with heart failure who receive implantable car-
dioverter-defibrillators (hazard ratio, 1.01; 95% confi-
dence interval, 0.76-1.33).

Conclusions: Implantable cardioverter-defibrillator
therapy for the primary prevention of sudden cardiac death
in women does not reduce all-cause mortality. Further
studies are needed to investigate the reasons for this ob-
servation and to define the population of women who may
benefit most from implantable cardioverter-defibrillator
therapy.
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T HE BURDEN OF HEART FAIL-
ure in the United States is
overwhelming. Heart fail-
ure affects approximately
5.3 million people, with

women comprising nearly half that popu-
lation.1 The annual incidence of heart fail-
ure is approximately 10 per 1000 patients
65 years and older, with men and women
affected in equal numbers.2 In patients di-
agnosed as having heart failure, sudden car-
diac death (SCD) occurs at 6 to 9 times the

rate of the general population.1,2 Despite
enormous progress in treatment, heart fail-
ure mortality rates remain unacceptably
high, with approximately 80% of men and

70% of women younger than 65 years with
heart failure dying within 8 years of diag-
nosis.1,2 Heart failure represents a signifi-
cant public health problem, with a signifi-
cant cost burden to the US health care
system of approximately $35 billion.1 Treat-
ment of heart failure includes optimiza-
tion of medical therapy in addition to pri-
mary prevention of SCD with implantation
of an implantable cardioverter-defibrilla-
tor (ICD) in those patients with reduced left
ventricular ejection fraction (LVEF). This
approach to the primary prevention of SCD
in patients with heart failure is the result
of multiple clinical trials that evaluated the
efficacy of ICDs in this population. This ap-
proach has led to a significant increase in
the rate of ICD implantations and is asso-
ciated with an estimated $50 000 to $90 000
per life-year saved during 12 to 20 years.3,4
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trials reported negative results, which would most likely
decrease the observed effect if these patients were in-
cluded in the meta-analysis.

Clinical trials of ICD therapy included in our analy-
sis used the total mortality rate as their primary end point.
However, ICDs can only affect mortality by the preven-
tion of death owing to malignant arrhythmias. There-
fore, the benefits observed in the reduction of overall mor-
tality rates are owing solely to the prevention of arrhythmic
death.31 However, arrhythmic death as an end point for
women was not exclusively reported for all the clinical
trials analyzed. This point warrants further investiga-
tion to determine whether there is a reduction in ar-
rhythmic death among women with heart failure who re-
ceive an ICD for the primary prevention of SCD.

Our analysis demonstrated that ICD therapy for the
primary prevention of SCD in women does not affect all-
cause mortality rates. There may be several explana-
tions for this important and surprising finding. Further
studies are warranted to investigate the reasons for this
observation and to elucidate the female population who
may benefit most from ICD therapy.
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trials reported negative results, which would most likely
decrease the observed effect if these patients were in-
cluded in the meta-analysis.

Clinical trials of ICD therapy included in our analy-
sis used the total mortality rate as their primary end point.
However, ICDs can only affect mortality by the preven-
tion of death owing to malignant arrhythmias. There-
fore, the benefits observed in the reduction of overall mor-
tality rates are owing solely to the prevention of arrhythmic
death.31 However, arrhythmic death as an end point for
women was not exclusively reported for all the clinical
trials analyzed. This point warrants further investiga-
tion to determine whether there is a reduction in ar-
rhythmic death among women with heart failure who re-
ceive an ICD for the primary prevention of SCD.

Our analysis demonstrated that ICD therapy for the
primary prevention of SCD in women does not affect all-
cause mortality rates. There may be several explana-
tions for this important and surprising finding. Further
studies are warranted to investigate the reasons for this
observation and to elucidate the female population who
may benefit most from ICD therapy.
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Primary Prevention with Defibrillator Therapy in Women:
Results from the Sudden Cardiac Death in Heart Failure Trial
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Influence of Gender in SCD-HeFT. Introduction: The Sudden Cardiac Death in Heart Failure
Trial (SCD-HeFT) demonstrated that implantable cardioverter defibrillator (ICD) therapy reduced overall
mortality in patients with class II or III heart failure and left ventricular ejection fraction (LVEF) ≤ 35%,
while amiodarone had no effect on survival. There are limited data regarding the influence of gender on
outcome of patients receiving ICDs for primary prevention.

Methods: We examined gender differences in response to treatment and outcome in this cohort.
Results: Women comprised 23% of the SCD-HeFT cohort, with similar percentages in the amiodarone,

ICD, and placebo groups. Compared with men, women were more likely to be non-Caucasian, to have
class III heart failure, and nonischemic heart disease. After adjustment for baseline differences, overall
mortality risk was lower in women than in men. The gender difference in overall mortality was seen in
the placebo group, while no gender difference in overall mortality was seen in the ICD group. There was a
significantly lower absolute risk of death in the placebo arm women, compared with the placebo arm men
(annual mortality rate approximately 4% vs. 6%).

Conclusions: The impact of ICD therapy appears to differ between men and women in this trial, with a
smaller ICD benefit among women. However, the test for an interaction between gender and therapy was
not significant. The lower overall mortality risk in women in the placebo group and the smaller number of
women enrolled may help to explain why treatment differences in women were much smaller and difficult
to detect. (J Cardiovasc Electrophysiol, Vol. 19, pp. 720-724, July 2008)

arrhythmia, sudden death, tachycardia, gender, primary prevention

Introduction

The Sudden Cardiac Death in Heart Failure Trial (SCD-
HeFT) demonstrated that the implantable cardioverter defib-
rillator (ICD) reduced mortality in patients with ischemic
or nonischemic heart disease, class II and III heart fail-
ure, and left ventricular ejection fraction (LVEF) ≤ 35%,
while amiodarone did not.1 Initial subgroup analysis sug-
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gested that women may not benefit as much as men from
the ICD, with a hazard ratio of 0.96 (0.58, 1.61) for women
and 0.73 (0.57, 0.93) for men, compared with placebo. Sim-
ilar findings were noted in another primary prevention trial,
the Defibrillators in Nonischemic Cardiomyopathy Treat-
ment Evaluation (DEFINITE).2 Whether these differences
reflect differing response to therapy or the play of chance is
unclear.

The absolute incidence of sudden cardiac death is lower
in women than men at all age groups, and the incidence in
women lags behind that of men by > 10 years.3-5 Prior stud-
ies of out-of-hospital cardiac arrest victims demonstrate that
women have a lower incidence of ventricular fibrillation (VF),
compared with men.6,7 Despite these gender differences in
the incidence of VF in out-of-hospital cardiac arrest, there
was no gender difference in outcome of patients who received
ICDs for secondary prevention in the Antiarrhythmics Ver-
sus Implantable Defibrillator (AVID) trial.8 There are limited
data regarding the influence of gender on outcome of patients
receiving ICDs for primary prevention, although recent trials
suggest no gender differences in outcome of patients with
underlying ischemic heart disease.9,10 A recent analysis of
Medicare claims data suggests that elderly (age ≥ 65 years)
women are significantly less likely than men to receive ICD
therapy for primary or secondary prevention of sudden car-
diac death.11 However, the authors acknowledge that admin-
istrative data lack important clinical information, including
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TABLE 2
Medications

Baseline Follow-Up

Men Women Men Women
(N = 1933) (N = 588) (N = 1933) (N = 588)

β-blocker 69% 68% 78% 76%
ACE inhibitor 86% 81%∗ 73% 67%∗

ARB 13% 19%∗ 16% 22%∗

Loop diuretic 81% 86%∗ 79% 82%
K-sparing diuretic 20% 22% 30% 35%
Thiazide diuretic 7% 6% 11% 11%
Aspirin 58% 51% 57% 50%
Ca+ channel blocker 11% 11% 11% 10%
Digoxin 68% 74% 61% 61%
Antiarrhythmic 0% 0% 7% 6%

(not amiodarone)∗∗

∗Difference between genders at P < 0.05, by logistic regression adjusted
for NYHA class, ischemic heart failure etiology, and randomized treatment.
∗∗No patients on antiarrhythmics at baseline (exclusion criterion for trial).

to be taking an ARB than men (P < 0.05). No patients
were on antiarrhythmic agents at baseline, as this was an
exclusion criterion for the trial. There was no difference in
antiarrhythmic drug usage in men and women at last follow-
up.

Outcome: Total Mortality by Gender

Overall, 20.9% (123) of women died and 28.1% (543)
of men died during the trial. After adjustment for differ-
ences in baseline characteristics (including randomized treat-
ment, heart failure etiology, NYHA class, and additional
variables that were imbalanced as listed in Table 1), over-
all mortality risk was lower in women than men (HR [CI] =
0.68 [0.55, 0.84], P = 0.001) (Fig. 1). Treatment effects ap-
pear different between the genders (Table 3), with a smaller
ICD benefit among women; however, the test for an inter-
action between gender and therapy was not significant (P
= 0.54). Neither men nor women showed any benefit with
amiodarone.

Causes of Death by Gender

There were 489 deaths in men and 108 deaths in women.
Deaths were classified as “cardiac-arrhythmic,” “cardiac
nonarrhythmic,” and “noncardiac.” There was no significant

Figure 1. Mortality by gender. Overall mortality was lower in women than
in men (P = 0.001).

TABLE 3
Mortality Randomized Treatment Comparisons by Gender

Overall Mortality Adjusted HR (95% CI)

Amioda- ICD vs. Amio vs.
ICD rone Placebo placebo placebo

Women 18.9% 22.3% 21.4% 0.90 (0.56, 1.43) 1.11 (0.71, 1.73)
Men 22.8% 30.6% 31.0% 0.71 (0.57, 0.88) 1.02 (0.84, 1.25)

difference in risk of cardiac arrhythmic death in men versus
women (36% vs. 39%, P = 0.34). There were also no signifi-
cant differences in risk of “cardiac nonarrhythmic” (38% vs.
36%) and “noncardiac” (26% vs. 25%) deaths in men versus
women.

ICD Complications and Events, by Gender

A total of 811 patients received an ICD in this trial, 626
men and 185 women. There was no difference in ICD im-
plantation complication rates in men versus women (15% vs.
19%, P = 0.26).

Appropriate shock therapy for ventricular tachycardia
(VT) or VF was examined in men versus women. Twenty-
three percent of men received an appropriate ICD shock with
a median (25th, 75th percentiles) time to shock of 14.7 (4.7,
23.0) months. Nineteen percent of women received appropri-
ate ICD shock therapy with a median (25th, 75th percentiles)
time to shock of 15.5 (8.6, 28.4) months. There was no differ-
ence in the risk of appropriate shock therapy for men versus
women (P = 0.25).

Discussion

As reported previously, women in the SCD-HeFT trial ap-
pear to derive less relative benefit from ICD therapy than
men.1 This study amplifies and expands these results by
showing that in this cohort, women were at substantially
lower risk for death, with a 10% absolute survival advantage
at 5 years over men. In fact, the placebo treated women had
a lower 5-year mortality risk than the ICD treated men. The
hazard ratio for ICD therapy in women has very wide con-
fidence limits. These two observations suggest that it would
be improper to conclude that ICD therapy is less effective on
a relative basis in women than in men based on SCD-HeFT
results.

Despite the fact that SCD-HeFT is one of the largest pri-
mary prevention ICD trials with the longest follow-up, this
study may still be underpowered to show a benefit of ICD
therapy in women. However, a trial of ICD therapy in women
alone would be impractical, since the sample size required
would be substantially greater than in the current trial to es-
tablish a precise estimate of treatment benefit. To detect the
same ICD benefit in women as was observed in men (HR =
0.71), with 90% power and α = 0.05, a study larger than SCD-
HeFT would be required (1,585 women in each treatment
arm, 3170 total). In addition, it may now even be considered
“unethical” to withhold ICD therapy in women meeting the
SCD-HeFT enrollment criteria. In the absence of the ability
to perform such a trial, clinicians must make informed judg-
ments based on the available data in the literature. Data from
SCD-HeFT suggest that women are at a lower absolute risk
of overall mortality than men who fit the SCD-HeFT char-
acteristics. Thus, the absolute mortality benefit in women is

722 Journal of Cardiovascular Electrophysiology Vol. 19, No. 7, July 2008

TABLE 2
Medications

Baseline Follow-Up

Men Women Men Women
(N = 1933) (N = 588) (N = 1933) (N = 588)

β-blocker 69% 68% 78% 76%
ACE inhibitor 86% 81%∗ 73% 67%∗

ARB 13% 19%∗ 16% 22%∗

Loop diuretic 81% 86%∗ 79% 82%
K-sparing diuretic 20% 22% 30% 35%
Thiazide diuretic 7% 6% 11% 11%
Aspirin 58% 51% 57% 50%
Ca+ channel blocker 11% 11% 11% 10%
Digoxin 68% 74% 61% 61%
Antiarrhythmic 0% 0% 7% 6%

(not amiodarone)∗∗

∗Difference between genders at P < 0.05, by logistic regression adjusted
for NYHA class, ischemic heart failure etiology, and randomized treatment.
∗∗No patients on antiarrhythmics at baseline (exclusion criterion for trial).

to be taking an ARB than men (P < 0.05). No patients
were on antiarrhythmic agents at baseline, as this was an
exclusion criterion for the trial. There was no difference in
antiarrhythmic drug usage in men and women at last follow-
up.

Outcome: Total Mortality by Gender

Overall, 20.9% (123) of women died and 28.1% (543)
of men died during the trial. After adjustment for differ-
ences in baseline characteristics (including randomized treat-
ment, heart failure etiology, NYHA class, and additional
variables that were imbalanced as listed in Table 1), over-
all mortality risk was lower in women than men (HR [CI] =
0.68 [0.55, 0.84], P = 0.001) (Fig. 1). Treatment effects ap-
pear different between the genders (Table 3), with a smaller
ICD benefit among women; however, the test for an inter-
action between gender and therapy was not significant (P
= 0.54). Neither men nor women showed any benefit with
amiodarone.

Causes of Death by Gender

There were 489 deaths in men and 108 deaths in women.
Deaths were classified as “cardiac-arrhythmic,” “cardiac
nonarrhythmic,” and “noncardiac.” There was no significant

Figure 1. Mortality by gender. Overall mortality was lower in women than
in men (P = 0.001).

TABLE 3
Mortality Randomized Treatment Comparisons by Gender

Overall Mortality Adjusted HR (95% CI)

Amioda- ICD vs. Amio vs.
ICD rone Placebo placebo placebo

Women 18.9% 22.3% 21.4% 0.90 (0.56, 1.43) 1.11 (0.71, 1.73)
Men 22.8% 30.6% 31.0% 0.71 (0.57, 0.88) 1.02 (0.84, 1.25)

difference in risk of cardiac arrhythmic death in men versus
women (36% vs. 39%, P = 0.34). There were also no signifi-
cant differences in risk of “cardiac nonarrhythmic” (38% vs.
36%) and “noncardiac” (26% vs. 25%) deaths in men versus
women.

ICD Complications and Events, by Gender

A total of 811 patients received an ICD in this trial, 626
men and 185 women. There was no difference in ICD im-
plantation complication rates in men versus women (15% vs.
19%, P = 0.26).

Appropriate shock therapy for ventricular tachycardia
(VT) or VF was examined in men versus women. Twenty-
three percent of men received an appropriate ICD shock with
a median (25th, 75th percentiles) time to shock of 14.7 (4.7,
23.0) months. Nineteen percent of women received appropri-
ate ICD shock therapy with a median (25th, 75th percentiles)
time to shock of 15.5 (8.6, 28.4) months. There was no differ-
ence in the risk of appropriate shock therapy for men versus
women (P = 0.25).

Discussion

As reported previously, women in the SCD-HeFT trial ap-
pear to derive less relative benefit from ICD therapy than
men.1 This study amplifies and expands these results by
showing that in this cohort, women were at substantially
lower risk for death, with a 10% absolute survival advantage
at 5 years over men. In fact, the placebo treated women had
a lower 5-year mortality risk than the ICD treated men. The
hazard ratio for ICD therapy in women has very wide con-
fidence limits. These two observations suggest that it would
be improper to conclude that ICD therapy is less effective on
a relative basis in women than in men based on SCD-HeFT
results.

Despite the fact that SCD-HeFT is one of the largest pri-
mary prevention ICD trials with the longest follow-up, this
study may still be underpowered to show a benefit of ICD
therapy in women. However, a trial of ICD therapy in women
alone would be impractical, since the sample size required
would be substantially greater than in the current trial to es-
tablish a precise estimate of treatment benefit. To detect the
same ICD benefit in women as was observed in men (HR =
0.71), with 90% power and α = 0.05, a study larger than SCD-
HeFT would be required (1,585 women in each treatment
arm, 3170 total). In addition, it may now even be considered
“unethical” to withhold ICD therapy in women meeting the
SCD-HeFT enrollment criteria. In the absence of the ability
to perform such a trial, clinicians must make informed judg-
ments based on the available data in the literature. Data from
SCD-HeFT suggest that women are at a lower absolute risk
of overall mortality than men who fit the SCD-HeFT char-
acteristics. Thus, the absolute mortality benefit in women is
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sostenida y el 10,9%, fibrilación ventricular. En el grupo total, los
pacientes sin arritmia clı́nica documentada fueron el 57,4%
(figura 7). La presentación clı́nica más frecuente, tanto en el grupo
de total de implantes como en el de primoimplantes (el 56,1% de

respuestas completadas), fue la ausencia de sı́ntomas, seguida de
sı́ncope, muerte súbita y «otros sı́ntomas» (figura 8).

En el 62,6% de los formularios del registro se consignó la
información sobre la realización de un estudio electrofisiológico
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Figura 3. Número total de implantes registrados por millón de habitantes y los estimados por Eucomed en los años 2008-2017. DAI: desfibrilador automático
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sostenida y el 10,9%, fibrilación ventricular. En el grupo total, los
pacientes sin arritmia clı́nica documentada fueron el 57,4%
(figura 7). La presentación clı́nica más frecuente, tanto en el grupo
de total de implantes como en el de primoimplantes (el 56,1% de

respuestas completadas), fue la ausencia de sı́ntomas, seguida de
sı́ncope, muerte súbita y «otros sı́ntomas» (figura 8).

En el 62,6% de los formularios del registro se consignó la
información sobre la realización de un estudio electrofisiológico
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https://doi.org/10.1016/j.recesp.2018.07.027

Document downloaded from http://www.elsevier.es, day 12/10/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.Document downloaded from http://www.elsevier.es, day 12/10/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

C. Isquémica 
53,4%C. Dilatada 

29,1%

M. Hipertrófica 
8%

M. Congénitas 
2%

S. Brugada 
2,5%

Valvulopatías 
3,3%

MCAVD 
0,8% QT largo 

1,1%

Fernandez-Lozano et al. Rev Esp Cardiol 2018

Artı́culo especial
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Registro
Muerte súbita

R E S U M E N

Introducción y objetivos: El Registro Español de Desfibrilador Automático aporta datos de actividad desde
el año 2002.
Métodos: Los datos de este registro provienen de los centros implantadores, que cumplimentaron
voluntariamente una hoja de recogida de datos.
Resultados: Durante 2017 se han recibido 6.273 hojas de implante, frente a las 6.429 comunicadas por
Eucomed (European Confederation of Medical Suppliers Associations); por lo tanto, se han recogido datos
del 97,6% de los dispositivos implantados en España. El cumplimiento osciló entre el 99,7% en el campo
«nombre del hospital implantador» y el 46,1% en la variable «clase funcional de la New York Heart
Association». Comunicaron sus datos al registro 181 hospitales, lo que supone un aumento respecto a los
que participaron en 2016 (177) y años anteriores (169 en 2015, 162 en 2014, 154 en 2013 o 153 en 2012).
Conclusiones: Después de varios años de crecimiento en el número de implantes por millón de
habitantes, este año se ha reducido. Como en los años previos, el número total de implantes en España
sigue siendo muy inferior a la media de la Unión Europea, y la diferencia continúa aumentando, al igual
que persisten las importantes diferencias entre comunidades autónomas españolas.
!C 2018 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Spanish Implantable Cardioverter-defibrillator Registry. 14th Official Report
of the Spanish Society of Cardiology Electrophysiology and Arrhythmias Section
(2017)

Keywords:
Implantable cardioverter-defibrillator
Registry
Sudden death

A B S T R A C T

Introduction and objectives: The Spanish Automatic Defibrillator Registry has provided activity data since
2002.
Methods: The data in this registry are submitted by implantation centers that voluntarily complete a
data collection sheet.
Results: During 2017, a total of 6273 implant sheets were received, compared with 6429 reported by
Eucomed (European Confederation of Medical Suppliers Associations). Therefore, the registry contains
data on 97.6% of the devices implanted in Spain. Compliance ranged from 99.7% for the field ‘‘name of the
implanting hospital’’ to 46.1% for the variable ‘‘New York Heart Association functional class’’. A total of
181 hospitals reported data to the registry, representing an increase compared with the number of
participating hospitals in 2016 (177) and in previous years (169 in 2015, 162 in 2014, 154 in 2013, and
153 in 2012).
Conclusions: The number of implants per million inhabitants in Spain increased for several years but
decreased in 2017. As in previous years, the total number of implants in Spain is still much lower than the
European Union average, and the gap continues to widen. There are still substantial differences between
autonomous communities.

!C 2018 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

* Autor para correspondencia: Unidad de Arritmias, Hospital Puerta de Hierro, Manuel de Falla 1, 28222 Majadahonda, Madrid, España.
Correo electrónico: iflozano@secardiologia.es (I. Fernández Lozano).
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The EuroHeart Failure survey programme—
a survey on the quality of care among patients
with heart failure in Europe
Part 1: patient characteristics and diagnosis
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HU16 5JQ, UK; bGöteborg, Sweden; cZurich, Switzerland; dParis, France; eClichy, France; fValencia,
Spain; gBerlin, Germany; hBergamo, Italy; iBirmingham, UK; jWarsaw, Poland; kLisbon, Portugal;
lMoscow, Russia; mBudapest, Hungary; nGroningen, The Netherlands; oPrague, Czech Republic;
pDepartment of Primary Care & General Practice, University of Birmingham, UK; qNewcastle, UK

Received 8 November 2002; accepted 20 November 2002

Background The European Society of Cardiology (ESC) has published guidelines for the
investigation of patients with suspected heart failure and, if the diagnosis is proven,
their subsequent management. Hospitalisation provides a key point of care at which
time diagnosis and treatment may be refined to improve outcome for a group of
patients with a high morbidity and mortality. However, little international data
exists to describe the features and management of such patients. Accordingly, the
EuroHeart Failure survey was conducted to ascertain if appropriate tests were being
performed with which to confirm or refute a diagnosis of heart failure and how this
influenced subsequent management.
Methods The survey screened consecutive deaths and discharges during 2000–2001
predominantly from medical wards over a 6-week period in 115 hospitals from 24
countries belonging to the ESC, to identify patients with known or suspected heart
failure.
Results A total of 46,788 deaths and discharges were screened from which 11,327
(24%) patients were enrolled with suspected or confirmed heart failure. Forty-seven
percent of those enrolled were women. Fifty-one percent of women and 30% of men
were aged >75 years. Eighty-three percent of patients had a diagnosis of heart failure
made on or prior to the index admission. Heart failure was the principal reason for
admission in 40%. The great majority of patients (>90%) had had an ECG, chest X-ray,
haemoglobin and electrolytes measured as recommended in ESC guidelines, but only
66% had ever had an echocardiogram. Left ventricular ejection fraction had been

KEYWORDS
Heart failure;
Survey;
Diagnosis;
Mortality;
Re-admission
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De qué se mueren los pacientes?



1

Women are poorly represented in clinical trials from which 
current standards of care and treatment guidelines are derived. 
Men and women are known to differ in the pathophysiology, 
causes, clinical characteristics, and natural history of heart 
disease, but sex-specific treatment strategies are rarely used in 
cardiovascular medicine. Current practice guidelines for appro-
priate device therapies for heart failure patients are no excep-
tion.1 Recently, several meta-analyses suggested that women 
with heart failure might benefit less than men from implant-
able cardioverter-defibrillator (ICD) therapy for reduction 
in all-cause mortality.2–4 In contrast, a sex analysis of Multi-
center Automatic Defibrillator Implantation Trial With Cardiac 
Resynchronization Therapy (MADIT-CRT) demonstrated that 
women with mild heart failure symptoms and a wide QRS 
benefit more from cardiac resynchronization therapy than simi-
larly selected men.5–7 Accordingly, we investigated differences  

in modes of death among ambulatory men and women with heart 
failure who would be candidates for ICD therapy according to the 
American College of Cardiology/American Heart Association/
Heart Rhythm Society (ACC/AHA/HRS) guidelines.1 Because the 
proportion of sudden, pump failure, and other deaths have been 
demonstrated to be influenced by the estimated total mortality risk, 
we evaluated mode of death across a spectrum of estimated total 
mortality risk. The Seattle Heart Failure Model (SHFM), a vali-
dated mortality risk model, was used to define total mortality risk.8,9

Clinical Perspective on p 2407

Methods
Study Population
We used a participant-level deidentified database of prospectively col-
lected data from ambulatory heart failure patients with predominantly 

Background—Whether sex differences in implantable cardioverter-defibrillator (ICD) benefit exist remains unanswered. 
We evaluated sex differences in mode of death among a large cohort of ambulatory heart failure patients who meet criteria 
for a primary prevention ICD.

Methods and Results—Patients from 5 trials or registries were included if they met American College of Cardiology/American  
Heart Association/Heart Rhythm Society guideline criteria for implantation of a primary prevention ICD. We 
investigated the potential sex differences in total deaths and total deaths by mode of death. The relationship between 
the estimated total mortality and mode of death by percentage of total mortality was also analyzed by sex. The Seattle 
Heart Failure Model was used to estimate total mortality in this analysis. A total of 8337 patients (1685 [20%] women) 
met inclusion criteria. One-year mortality was 10.8±0.3%. In women, the age-adjusted all-cause mortality was 24% 
lower (hazard ratio [HR], 0.76; confidence interval [CI], 0.68–0.85; P<0.0001), the risk of sudden death was 32% lower  
(HR, 0.68; CI, 0.58–0.68; P<0.0001), but no significant difference in pump failure death was observed. Throughout a 
range of total mortality risk, women had a 20% lower all-cause mortality (HR, 0.80; CI, 0.71–0.89; P<0.001) and 30% 
fewer deaths that were sudden (HR, 0.70; CI, 0.59–0.82; P<0.0001) compared with men.

Conclusions—Women with heart failure have a lower mortality than men, and fewer of those deaths are sudden throughout 
a spectrum of all-cause mortality risk. These data provide a plausible reason for and thus support the possibility that sex 
differences in ICD benefit may exist.  (Circulation. 2012;126:2402-2407.)

Key Words: cardiac resynchronization therapy ◼ death, sudden ◼ defibrillators ◼ heart failure ◼ pump failure
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using the estimated mortality as a continuous score. For any 
SHFM score, women had a 20% lower risk of all-cause mor-
tality compared with men (HR, 0.80; 95% CI, 0.71–0.89; 
P<0.001). The SHFM adjusted risk of sudden death in women 
was 30% lower compared with men (HR, 0.70; CI, 0.59-0.82; 
P<0.0001), and the risk of other death was 21% lower in 
women (HR, 0.79; 95% CI, 0.62-1.00; P=0.052) when com-
pared with men. Similar results were observed in the fully 
adjusted model (Table 3).

Sex Differences in Mode of Death as a Proportion of 
Total Mortality
In men and in women, as the SHFM score increased 
(increasing risk of overall mortality), the proportion of 
sudden death decreased (odds ratio, 0.66; P<0.0001) and the 
proportion of pump failure death increased (odds ratio, 1.97; 
P<0.0001). The Kaplan–Meier observed annual mortality and 
the percentage of deaths attributed to sudden, pump failure, 
and other deaths for women versus men by SHFM scores is 

shown in Figures 1 to 3. For any SHFM score, the proportion 
of sudden death is 30% lower (P=0.022) for women compared 
with men, and the proportion of pump failure death is 54% 
higher (P=0.0004).

Discussion
In this large cohort of patients with heart failure who were 
potentially eligible for a primary prevention ICD, ≈5% of 
patients died suddenly each year. However, the annual rate 
was somewhat lower in women (3.9%) compared with men 
(5.7%). For all SHFM risk groups (low, intermediate, and 
high), women had a lower all-cause mortality compared with 
men. Although women have a better overall prognosis than 
men, the mortality rate for women remains high. The overall 
1-year total mortality rate of 9.1% for women in this study is 

<IJTM���� 5WZ\ITQ\a�Ja�5WLM�WN�,MI\P�NWZ�\PM�<W\IT�8WX]TI\QWV�
IVL�Ja�/MVLMZ

Years of  
Observation

Total  
Mortality

Sudden  
Death

Pump Failure  
Death

Other  
Death

All 2.39 26.3% 12.7% 7.9% 5.7%

 Men 2.37 27.2% 13.5% 7.8% 5.9%

 Women 2.46 22.6% 9.6% 8.1% 4.9%

Rate/y

All 11.0% 5.3% 3.3% 2.4%

 Men 11.5% 5.7% 3.3% 2.5%

 Women 9.2% 3.9% 3.3% 2.0%

Proportion of  
all deaths

All 48.4% 30.0% 21.6%

 Men 49.6% 28.8% 21.6%

 Women 42.4% 35.7% 21.9%

0%

10%

20%

30%

40%

50%

60%

70%

0% 5% 10% 15% 20% 25% 30%

S
ud

de
n 

D
ea

th
 a

s 
%

 o
f T

ot
al

 M
or

ta
lit

y

Annual Mortality

Male

Female

             Odds Ratio P Value
Female 0.70 0.02
SHFM 0.66 <0.0001

SHFM  0

SHFM  1

SHFM  2

Figure 1. Sudden death as a percentage of total mortality for 
male and female patients by SHFM scores. The Kaplan–Meier 
observed annual mortality and the percentage of deaths that 
were due to sudden death are shown for women vs men and 
by the SHFM scores rounded to the nearest integer from 0 to 2. 
As the SHFM score increases, the proportion of sudden death 
decreases. For any given SHFM score, women had a 19% lower 
risk of total mortality. At any given observed total mortality, 
women had a 30% lower odds ratio for sudden death.
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HR (95% CI) P Value All-Cause Mortality Sudden Death Pump Failure Death Other Death

Model 1 0.81
(0.72–0.90)

0.0001

0.69
(0.59–0.82)

<0.0001

1.03
(0.85–1.24)

0.75

0.84
(0.66–1.06)

0.15

Model 2 0.76
(0.68–0.85)

<0.0001

0.68
(0.58–0.80)

<0.0001

0.95
(0.78–1.14)

0.56

0.78
(0.61–0.98)

0.037

Model 3 0.80
(0.71–0.89)

0.0002

0.70
(0.59–0.82)

<0.0001

1.06
(0.87–1.28)

0.80

0.79
(0.62–1.00)

0.052

Model 4 0.79
(0.71–0.89)

<0.001

0.68
(0.57–0.81)

<0.0001

1.01
(0.583–1.23)

0.89

0.80
0.3–1.03)

0.09

Model 1: Unadjusted hazard ratio for women.
Model 2: Adjusted for age.
Model 3 – Adjusted for age and SHFM (excluding patient sex as a variable)
Model 4-Adjusted for age, ischemic etiology, NYHA class, EF, SBP, ACEI/ARB, beta blocker, aldosterone blocker, statin, loop diuretic daily dose, serum sodium and 

creatinine.
HR indicates hazard ration; CI, confidence interval.
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similar to the 1-year total mortality rates reported from the 
control arm of the second Multicenter Automated Defibrilla-
tor Implantation Trial (MADIT II) study, but higher than in 
the DEFibrillators In Nonischemic cardiomyopathy Treat-
ment Evaluation (DEFINITE) study or in the Sudden Cardiac 
Death in Heart Failure Trial (SCD-HeFT) study, which were 
10.0%, 7.0%, and 7.2% respectively.20–22 The differences in 
mortality may be attributed, in part, to differences in back-
ground medical treatment, age, renal function, and systolic 
blood pressure in the current study. In our study, 93% of 
patients were on an angiotensin-converting enzyme block-
ing agent, 30% of patients were on an angiotensin receptor– 

blocking agent, and 50% of patients were on a β-adrenergic–
blocking agent, reflecting enrollment in trials before the 
known benefit of β-blockers in heart failure.

Our findings provide important insight into recent data 
that raise the possibility that women may experience less 
appropriate shocks and derive less survival benefit from 
primary prevention ICDs compared with men. In a meta-
analysis of 5 trials that randomized patients to an ICD versus 
optimal medical therapy, Santanelli et al23 demonstrated an 
ICD survival benefit in men (HR, 0.6, 95% CI, 0.57–0.80; 
P<0.001) but no benefit in women (HR, 0.84; 95% CI,  
0.59–1.19; P=0.33). Significantly fewer appropriate ICD 
therapies were observed in women compared with men in 
this study (HR, 0.63; 95% CI, 0.49–0.82; P<0.001, I2=0%). 
Similar findings were reported in 2 other meta-analyses.2,3 
Although the results of these studies require prospective 
validation, our analysis suggests that women are less likely 
to die suddenly and therefore have less opportunity to benefit 
from an ICD.

The differences in mode of death observed in this study 
may have been attributed, in part, to differences in the baseline 
characteristics observed in our study. Women are less likely 
to have ischemic cardiomyopathy as a cause of their left ven-
tricular dysfunction.6,24 However, despite this consistent find-
ing, sex-differences in arrhythmia susceptibility after an acute 
myocardial infarction have been demonstrated. In an analysis 
of pooled patient data from the placebo arms of 5 large myo-
cardial infarction studies, Yap et al25 demonstrated that all-
cause mortality was high and remained high for 2 years after 
an MI. In men, the incidence of sudden death exceeded other 
modes of death for 2 years after their index myocardial infarc-
tion. In contrast, for women, sudden death exceeded other 
modes of death for only 6 months after their index myocardial 
infarction.

An abundance of basic and clinical data have demonstrated 
sex-differences in arrhythmia susceptibility. Animal studies 
have demonstrated sex differences in potassium channel 
kinetics, calcium sensitivity and handling, autonomic 
modulation, and differences in Na–Ca exchanger that may 
lower susceptibility to triggered activity.26–30 In humans, 
studies evaluating out-of-hospital cardiac arrests demonstrate 
that women present more commonly with asystole and 
pulseless electric activity, whereas men are more likely to be 
found in ventricular tachycardia or ventricular fibrillation.31

Implications for Cardiac  
Resynchronization Therapy
The results of our study also provide a plausible reason for the 
recent observation that women may derive more benefit from 
cardiac resynchronization therapy compared with men.6,7 A 
retrospective analysis of the MADIT-CRT demonstrated that 
women randomized to cardiac resynchronization therapy–
ICD versus ICD had a 69% reduction in death or heart fail-
ure (HR, 0.31; P<0.0001) compared with a 28% reduction 
in men (HR, 0.72; P<0.001).6 The RAFT-CRT trial reported 
similar findings, with a 45% reduction in death or heart fail-
ure in women versus a 20% reduction in men.7 Although 
our study demonstrated no difference in age-adjusted pump 

Figure 2. Pump failure deaths as a percentage of total mortality 
for male and female patients by Seattle Heart Failure Model 
(SHFM) scores. The Kaplan–Meier observed annual mortality and 
the percentage of deaths that were attributable to pump failure 
death are shown for women vs men and by the SHFM scores 
rounded to the nearest integer from 0 to 2. As the SHFM score 
increases, the proportion of pump failure death increases. At any 
given observed total mortality, women had a 54% higher odds 
ratio for pump failure death.
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Figure 3. Other death as a percentage of total mortality for male 
and female patients by SHFM scores. The Kaplan Meier observed 
annual mortality and the % of deaths that were due to other 
death are shown for women versus men and by the SHFM scores 
rounded to the nearest integer from 0 to 2. As the SHFM score 
increases, the proportion of other deaths decreases. For any 
given SHFM score, women had similar odds ratio for other death.
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Cardiac Resynchronization Therapy Is More Effective in Women Than in Men
The MADIT-CRT (Multicenter Automatic Defibrillator
Implantation Trial With Cardiac Resynchronization Therapy) Trial

Objectives The purpose of this study was to investigate the factors related to sex-specific outcomes for death and heart fail-
ure events in the MADIT-CRT (Multicenter Automatic Defibrillator Implantation Trial With Cardiac Resynchroniza-
tion Therapy) trial.

Background In the MADIT-CRT trial, women seemed to achieve a better result from resynchronization therapy than men.

Methods All 1,820 patients (453 female and 1,367 male) enrolled in the MADIT-CRT trial were included in this sex-
specific outcome analysis that compared the effect of cardiac resynchronization therapy with defibrillator
(CRT-D) relative to implanted cardioverter-defibrillator (ICD) on death or heart failure (whichever came first),
heart failure only, and death at any time.

Results Female patients were more likely to have nonischemic cardiomyopathy and left bundle branch block and less
likely to have renal dysfunction than male patients. Overall, female patients had a better result from CRT-D ther-
apy than male patients, with a significant 69% reduction in death or heart failure (hazard ratio: 0.31, p ! 0.001)
and 70% reduction in heart failure alone (hazard ratio: 0.30, p ! 0.001). Women had a significant 72% reduc-
tion in all-cause mortality in the total population (hazard ratio: 0.28, p " 0.02) and significant 82% and 78%
reductions in mortality in those with QRS !150 ms and with left bundle branch block conduction disturbance,
respectively, with sex-by-treatment interactions for mortality reduction significant at p ! 0.05 in each of these 3
patient groups. These beneficial CRT-D effects among women were associated with consistently greater echocar-
diographic evidence of reverse cardiac remodeling in women than in men.

Conclusions Women in the MADIT-CRT trial obtained significantly greater reductions in death or heart failure (whichever
came first), heart failure alone, and all-cause mortality with CRT-D therapy than men, with consistently greater
echocardiographic evidence of reverse cardiac remodeling in women than in men. (Multicenter Automatic Defi-
brillator Implantation Trial With Cardiac Resynchronization Therapy [MADIT-CRT]; NCT00180271). (J Am Coll
Cardiol 2011;57:813–20) © 2011 by the American College of Cardiology Foundation

Cardiac resynchronization therapy with defibrillator
(CRT-D) is an approved treatment for patients with ad-
vanced stages of heart failure in the setting of widened QRS,
and this therapy is associated with reduction in symptoms,
improvement in functional capacity, and decrease in hospi-
talization and mortality (1). The recently reported random-
ized MADIT-CRT (Multicenter Automatic Defibrillator
Implantation Trial With Cardiac Resynchronization Ther-
apy) trial demonstrated that CRT-D treated patients with
New York Heart Association (NYHA) functional class I
and II heart failure symptoms, left ventricular ejection
fraction (LVEF) "0.30 and QRS !130 ms had a 34%
reduction in the risk of heart failure or death, whichever
came first, when compared with patients treated with an
implantable cardioverter-defibrillator (ICD) (2). In this
substudy from the MADIT-CRT trial, we report the
sex-specific outcomes with CRT-D versus ICD therapy and
explore the factors associated with the more favorable
response to this therapy in women than in men.

Methods

Trial design. The design and primary results of the
MADIT-CRT trial were recently published (2). Briefly,
the MADIT-CRT study was designed to determine
whether CRT-D therapy would reduce the risk of death

or heart failure events in patients with mild cardiac
symptoms, a reduced ejection fraction, and wide QRS
complex when compared to ICD therapy. The patients
were randomly assigned in a 3:2 ratio to receive either
CRT-D or ICD. From December 22, 2004, through
April 23, 2008, a total of 1,820 patients were enrolled at
110 hospital centers. Primary analyses included Cox
proportional-hazards regression for heart failure alone
and for death at any time and evaluation of 10 prespeci-
fied categorical subgroups and treatment interactions.
The effects of CRT-D in 7 of these subgroups were

See page 829

presented in the primary analysis of the MADIT-CRT
trial (age, sex, NYHA functional class and substrate,
QRS duration, LVEF, left ventricular end-diastolic vol-
ume, and left ventricular end-systolic volume) and 2
interaction effects between subgroup and treatment were
identified. The CRT-D therapy was associated with a
greater benefit in women than in men, and in patients
with QRS duration !150 than !150 ms.

The protocol was approved by the institutional review
board at each of the participating centers. Patients of
either sex who were at least 21 years of age were enrolled
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Primary Prevention Implantable Cardioverter Defibrillator (ICD)
Therapy in Women—Data From a Multicenter French Registry
Rui Providência, MD, PhD; Eloi Marijon, MD, PhD; Pier D. Lambiase, PhD; Abdeslam Bouzeman, MD; Pascal Defaye, MD; Didier Klug, MD,
PhD; Denis Amet, MD; Marie-C!ecile Perier, MPH; Daniel Gras, MD; Vincent Algalarrondo, MD, PhD; Jean-Claude Deharo, MD, PhD;
Christophe Leclercq, MD, PhD; Laurent Fauchier, MD, PhD; Dominique Babuty, MD, PhD; Pierre Bordachar, MD, PhD;
Nicolas Sadoul, MD, PhD; Olivier Piot, MD; Serge Boveda, MD on behalf of the DAI-PP Investigators*

Background-—There are limited data describing sex specificities regarding implantable cardioverter defibrillators (ICDs) in the real-
world European setting.

Methods and Results-—Using a large multicenter cohort of consecutive patients referred for ICD implantation for primary
prevention (2002–2012), in ischemic and nonischemic cardiomyopathy, we examined the sex differences in subjects’
characteristics and outcomes. Of 5539 patients, only 837 (15.1%) were women and 53.8% received cardiac resynchronization
therapy. Compared to men, women presented a significantly higher proportion of nonischemic cardiomyopathy (60.2% versus
36.2%, P<0.001), wider QRS complex width (QRS >120 ms: 74.6% versus 68.5%, P=0.003), higher New York Heart Association
functional class (≥III in 54.2%♀ versus 47.8%♂, P=0.014), and lower prevalence of atrial fibrillation (18.7% versus 24.9%, P<0.001).
During a 16 786 patient-years follow-up, overall, fewer appropriate therapies were observed in women (hazard ratio=0.59, 95% CI
0.45–0.76; P<0.001). By contrast, no sex-specific interaction was observed for inappropriate shocks (odds ratio ♀=0.84, 95% CI
0.50–1.39, P=0.492), early complications (odds ratio=1.00, 95% CI 0.75–1.32, P=0.992), and all-cause mortality (hazard
ratio=0.87 95% CI 0.66–1.15, P=0.324). Analysis of sex-by- cardiac resynchronization therapy interaction shows than female
cardiac resynchronization therapy recipients experienced fewer appropriate therapies than men (hazard ratio=0.62, 95% CI 0.50–
0.77; P<0.001) and lower mortality (hazard ratio=0.68, 95% CI 0.47–0.97; P=0.034).

Conclusions-—In our real-life registry, women account for the minority of ICD recipients and presented with a different clinical profile.
Whereas female cardiac resynchronization therapy recipients had a lower incidence of appropriate ICD therapies and all-cause death
than theirmale counterparts, the observed rates of inappropriate shocks and early complications in all ICD recipientswere comparable.

Clinical Trial Registration-—URL: https://www.clinicaltrials.gov/. Unique identifier: NCT01992458. ( J Am Heart Assoc. 2016;5:
e002756 doi: 10.1161/JAHA.115.002756)

Key Words: death, sudden • heart failure • mortality • shock

Implantable cardioverter defibrillators (ICDs) are currently
an effective and accepted treatment for improving the

outcomes of selected patients with ischemic and nonischemic
cardiomyopathy with heart failure and severe left ventricular
dysfunction.1–4 However, in the major randomized controlled

trials determining guideline recommendations, women were
markedly underrepresented.1–4

Accordingly, the existence of sex-related differences in
outcomes among ICD recipients is still controversial. While in
North American registries,5 women seem to experience a
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Survival in Women Versus Men Following Implantation of
Pacemakers, Defibrillators, and Cardiac Resynchronization Therapy
Devices in a Large, Nationwide Cohort
Niraj Varma, MA, DM, FRCP; Suneet Mittal, MD, FHRS; Julie B. Prillinger, PhD; Jeff Snell, AB; Nirav Dalal, MS; Jonathan P. Piccini, MD,
MHSc, FHRS

Background-—Whether outcomes differ between sexes following treatment with pacemakers (PM), implantable cardioverter
defibrillators, and cardiac resynchronization therapy (CRT) devices is unclear.

Methods and Results-—Consecutive US patients with newly implanted PM, implantable cardioverter defibrillators, and CRT devices
from a large remote monitoring database between 2008 and 2011 were included in this observational cohort study. Sex-specific
all-cause survival postimplant was compared within each device type using a multivariable Cox proportional hazards model,
stratified on age and adjusted for remote monitoring utilization and ZIP-based socioeconomic variables. A total of 269 471 patients
were assessed over a median 2.9 [interquartile range, 2.2, 3.6] years. Unadjusted mortality rates (MR; deaths/100 000 patient-
years) were similar between women versus men receiving PMs (n=115 076, 55% male; MR 4193 versus MR 4256, respectively;
adjusted hazard ratio, 0.87; 95% CI, 0.84–0.90; P<0.001) and implantable cardioverter defibrillators (n=85 014, 74% male; MR
4417 versus MR 4479, respectively; adjusted hazard ratio, 0.98; 95% CI, 0.93–1.02; P=0.244). In contrast, survival was superior in
women receiving CRT defibrillators (n=61 475, 72% male; MR 5270 versus male MR 7175; adjusted hazard ratio, 0.73; 95% CI,
0.70–0.76; P<0.001) and also CRT pacemakers (n=7906, 57% male; MR 5383 versus male MR 7625, adjusted hazard ratio, 0.69;
95% CI, 0.61–0.78; P<0.001). This relative difference increased with time. These results were unaffected by age or remote
monitoring utilization.

Conclusions-—Women accounted for less than 30% of high-voltage implants and fewer than half of low-voltage implants in a large,
nation-wide cohort. Survival for women and men receiving implantable cardioverter defibrillators and PMs was similar, but
dramatically greater for women receiving both defibrillator- and PM-based CRT. ( J Am Heart Assoc. 2017;6:e005031. DOI: 10.
1161/JAHA.116.005031.)

Key Words: cardiac resynchronization therapy • implantable cardioverter defibrillators • pacemaker • sex • sex-specific

T here is increasing recognition of sex as a modulator of
disease risk and response to pharmacotherapy,1 but less

so with treatment with cardiac implantable electronic devices
(CIEDs). Whether women gain similar benefits to men

implanted with pacemakers (PM), implantable cardioverter
defibrillators (ICD), and cardiac resynchronization therapy
(CRT) pacemakers (CRT-P) or defibrillators (CRT-D) is unclear.
In women, compared with men, ICDs have been reported to
have less (or no) efficacy, with increased risk of complica-
tions.2,3 Conversely, CRT-Ds may have enhanced efficacy in
women according to some, but not all, reports.4 Patients
implanted with PMs and CRT-Ps are not well studied, and are
not included in national registries, for example, the National
Cardiovascular Data Registry (NCDR). Lack of sex-specific
evidence potentially affects clinical decision making, but also
has regulatory implications given that CIEDs are class III
devices subject to the most stringent US Food and Drug
Agency review.5

Characterization of sex-specific outcomes post-CIED
implant demands analysis of large data sets, but this is
limited by the significant underrepresentation of women in
randomized, clinical trials, leading to persistent uncertainties.
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Devices in a Large, Nationwide Cohort
Niraj Varma, MA, DM, FRCP; Suneet Mittal, MD, FHRS; Julie B. Prillinger, PhD; Jeff Snell, AB; Nirav Dalal, MS; Jonathan P. Piccini, MD,
MHSc, FHRS

Background-—Whether outcomes differ between sexes following treatment with pacemakers (PM), implantable cardioverter
defibrillators, and cardiac resynchronization therapy (CRT) devices is unclear.

Methods and Results-—Consecutive US patients with newly implanted PM, implantable cardioverter defibrillators, and CRT devices
from a large remote monitoring database between 2008 and 2011 were included in this observational cohort study. Sex-specific
all-cause survival postimplant was compared within each device type using a multivariable Cox proportional hazards model,
stratified on age and adjusted for remote monitoring utilization and ZIP-based socioeconomic variables. A total of 269 471 patients
were assessed over a median 2.9 [interquartile range, 2.2, 3.6] years. Unadjusted mortality rates (MR; deaths/100 000 patient-
years) were similar between women versus men receiving PMs (n=115 076, 55% male; MR 4193 versus MR 4256, respectively;
adjusted hazard ratio, 0.87; 95% CI, 0.84–0.90; P<0.001) and implantable cardioverter defibrillators (n=85 014, 74% male; MR
4417 versus MR 4479, respectively; adjusted hazard ratio, 0.98; 95% CI, 0.93–1.02; P=0.244). In contrast, survival was superior in
women receiving CRT defibrillators (n=61 475, 72% male; MR 5270 versus male MR 7175; adjusted hazard ratio, 0.73; 95% CI,
0.70–0.76; P<0.001) and also CRT pacemakers (n=7906, 57% male; MR 5383 versus male MR 7625, adjusted hazard ratio, 0.69;
95% CI, 0.61–0.78; P<0.001). This relative difference increased with time. These results were unaffected by age or remote
monitoring utilization.

Conclusions-—Women accounted for less than 30% of high-voltage implants and fewer than half of low-voltage implants in a large,
nation-wide cohort. Survival for women and men receiving implantable cardioverter defibrillators and PMs was similar, but
dramatically greater for women receiving both defibrillator- and PM-based CRT. ( J Am Heart Assoc. 2017;6:e005031. DOI: 10.
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(CRT) pacemakers (CRT-P) or defibrillators (CRT-D) is unclear.
In women, compared with men, ICDs have been reported to
have less (or no) efficacy, with increased risk of complica-
tions.2,3 Conversely, CRT-Ds may have enhanced efficacy in
women according to some, but not all, reports.4 Patients
implanted with PMs and CRT-Ps are not well studied, and are
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evidence potentially affects clinical decision making, but also
has regulatory implications given that CIEDs are class III
devices subject to the most stringent US Food and Drug
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Characterization of sex-specific outcomes post-CIED
implant demands analysis of large data sets, but this is
limited by the significant underrepresentation of women in
randomized, clinical trials, leading to persistent uncertainties.
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Figure 2. Distribution of male and female patients with cardiac implantable electronic devices by (A) device type and (B)
geographically across the United States. CRT-D indicates cardiac resynchronization therapy with defibrillation capability; CRT-P,
cardiac resynchronization therapy with pacing capability; ICD, implantable cardioverter defibrillator; PM, pacemaker; RM, remote
monitoring.
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Conclusiones
¿Cuestión de resultados? 

Los resultados avalan el uso del DAI y la CRT en mujeres 
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