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Abstract

:

Background: With the advent of implantable cardioverter-defibrillator (ICD) technology in recent decades, patients with inherited or congenital cardiomyopathy have a greater chance of survival into adulthood. Women with ICDs in this group are now more likely to reach reproductive age. However, pregnancy represents a challenge for clinicians, as no guidelines for the treatment of pregnant women with an ICD are currently available. Methods: To analyze this issue, we performed a systematic screening of the literature using the keywords: pregnancy with ICD, lead fracture in pregnancy, lead thrombi in pregnancy, ventricular tachycardia in pregnancy, inappropriate shocks in pregnancy, ICD discharge in pregnancy and ICD shock in pregnancy. Of 1101 publications found, 27 publications were eligible for further analysis (four retrospective trials and 23 case reports). Results: According to physiological changes in pregnancy, resulting in an increase in heart rate and cardiac output, a vulnerability for malignant arrhythmias and device-related complications in ICD carriers might be suspected. While the literature is limited on this issue, maternal complications including arrhythmia burden with following ICD therapies, thromboembolic events and lead complications as well as inappropriate shock therapy have been reported. According to the limited available studies, associated risk seems not to be more frequent than in the general population and depends on the underlying cardiac pathology. Furthermore, worsening of heart failure and related cardiovascular disease have been reported with associated risk of preterm delivery. These observations are exaggerated by restricted applications of diagnostics and treatment due to the risk of fetal harm in this population. Conclusions: Due to limited data on management of ICDs during pregnancy, further scientific investigations are required. Consequently, careful risk assessment with individual risk evaluation and close follow ups with interdisciplinary treatment are recommended in pregnant ICD carriers.
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1. Introduction


Cardiac diseases, including arrhythmic disorders, are found in approximately one percent of all pregnancies [1]. These patients often require implantable cardioverter defibrillator (ICD) therapy due to high risk of sudden cardiac death (SCD). Although the majority of ICD implantations are undertaken in patients with acquired heart disease, the indications for an ICD implantation have been expanded to include younger age groups, in particular those with inherited and congenital heart disorders at risk of SCD [2]. Nevertheless, valid data on the prevalence of pregnant women with an ICD, wearable cardioverter defibrillator (WCD) or pacemaker are not available in the literature. In recent years, the number of patients carrying an ICD due to inherited or congenital cardiomyopathy has increased [3]. The main reasons for ICD implantations are structural heart diseases, including dilated cardiomyopathy (DCM) or hypertrophic cardiomyopathy (HCM), and inherited arrhythmogenic diseases such as long QT syndrome [2]. For younger female cardiac disease patients, survival to reproductive age with the desire of pregnancy is therefore becoming more common [4]. However, little is known regarding the outcome of pregnancy in women with ICDs as well as associated hemodynamic and electrophysiological changes in pregnancy. Indeed, physiological changes associated with pregnancy might trigger cardiac pathologies and, therefore, arrhythmia burden in these patients.



According to an ESC registry of 2966 pregnancies in women with structural heart disease, ventricular tachyarrhythmia (VTA) occurred in 1.4% of pregnant women, mainly in the third trimester [5]. Furthermore, VTA in pregnancy was associated with heart failure and had a clear impact on fetal outcome. New York Heart Association (NYHA) class before pregnancy was predictive for the prognosis [6]. The incidence of VTAs was 1.2% in patients with congenital heart defects, 0.6% in patients with valvular heart disease, 5.9% in cardiomyopathy patients, 2.1% in ischemic heart disease patients and 3% in patients with aortic pathologies. VTA was not observed in patients with pulmonary hypertension [7].



However, guidelines for the treatment of pregnant women with an ICD are still lacking. Published data with respect to the outcome of pregnancy in patients with an ICD are limited. Recommendations currently rely on case reports and retrospective studies.



In addition, further considerations should be applied when dealing with inherited but also acquired cardiac arrhythmogenic pathologies.



According to recommendations, inherited arrhythmia syndromes, including long QT syndrome (LQTS), catecholaminergic polymorphic ventricular tachycardia (CPVT), Brugada syndrome (BrS), short QT syndrome (SQTS), early repolarization syndrome (ERS) and arrhythmogenic cardiomyopathy (ACM), do not represent an absolute contraindication to pregnancy [8]. However, there is an increase in the risk of cardiac events in women with congenital LQTS, especially in the post-partum period [9].



The incidence of HCM in pregnancy is <1/1000 [10] and women with HCM usually tolerate pregnancy well. Maternal mortality is reported to be 0.5% and worsening of symptoms occurred in 29% of cases. Fetal mortality by spontaneous abortion, therapeutic abortion or stillbirth is comparable to the general population, however, the risk of premature birth is increased [11]. In particular, symptomatic women with a severe left ventricular outflow tract obstruction or a high prevalence of arrhythmia pre-pregnancy have a high risk of premature birth [12]. Beta-blockers should be continued or even started if symptoms occur. Hypovolemia is poorly tolerated. Low risk cases may have a spontaneous labor and vaginal delivery. Caesarean section should be considered with severe left ventricular outflow tract obstruction or severe heart failure. Epidural and spinal anesthesia must be applied cautiously due to potential hypovolemia [13].



Pregnancy is poorly tolerated in some patients with pre-existing DCM, with the potential of deterioration in left ventricular (LV) function. Predictors of maternal mortality are NYHA class III/IV and ejection fraction (EF) below 40%. All patients with DCM need a multidisciplinary care because of a high risk of irreversible deterioration of LV function, maternal mortality and fetal loss [14]. Patients with EF < 20%, right ventricular heart failure and hypotension are at especially high risk of adverse events [15]. Prior to conception, heart failure medications, such as angiotensin converting enzyme (ACE) inhibitors, angiotensin receptor II blockers (ARBs), angiotensin receptor II-blocker/neprolysin inhibitor (ARNI), mineralocorticoid receptor antagonists (MRAs) and ivabradine should be stopped to avoid fetal harm. Beta-blockers should, however, be continued with preference to beta-1-selective blockers [16]. If LV-function deteriorates, a discussion regarding the safety of pregnancy should be led. In stable congestive heart failure, vaginal delivery is preferred with spinal or epidural analgesia. Urgent delivery should be considered in women with advanced heart failure (HF) and hemodynamic instability despite treatment, irrespective of gestational duration. Caesarean section is recommended with central neuraxial anesthesia to prevent abrupt volume changes [17].



Despite the described findings and recommendations, in the vulnerable population of pregnant ICD patients, systematic analyses of preexisting arrhythmic risks and possible complications are still missing.



Therefore, the purpose of this systematic review was to describe the most commonly reported pregnancy-related risks. In a systematic analysis, we highlight the most important maternal, fetal, as well as device-related complications. Furthermore, a literature analysis of antiarrhythmic therapy options in pregnancy is also discussed.



To the best of our knowledge, this is the first review analyzing both complications during pregnancy as well as the outcome of pregnancy in patients with implanted ICD.




2. Materials and Methods


A systematic database search was conducted in the PubMed database between April 2020 and March 2021, using the terms ICD and pregnancy, lead fracture in pregnancy, lead thrombi in pregnancy, ventricular tachycardia in pregnancy, inappropriate shocks in pregnancy, ICD discharge in pregnancy and ICD shock in pregnancy. The authors screened all available studies (n = 1101) by title, and, if suitable, by abstract (n = 280). Duplicate manuscripts were excluded. At abstract level, 200 articles were excluded due to ineligibility. Figure 1 shows the search strategy results. At full-text level, we excluded studies (n = 53) that did not assess our outcome of interest. In total, four retrospective studies were included in the review. Additionally, available 23 case reports dealing with the given search terms were used for the creation of the manuscript.




3. Results


In systematic database search, using the terms ICD and pregnancy, lead fracture in pregnancy, lead thrombi in pregnancy, ventricular tachycardia in pregnancy, inappropriate shocks in pregnancy, ICD discharge in pregnancy and ICD shock in pregnancy, we found four eligible retrospective studies (Table 1), 22 case reports (Table 2) and one subgroup analysis of a study (Table 3) investigating the maternal, as well as the fetal outcome and the risk of device-related complications in pregnancy with an ICD. By reading the abstract and the full text, we excluded studies that did not assess our outcome of interest. Of these, the largest study included 44 patients [18], the smallest six patients [19] (Table 1). In four existing retrospective analyses, ICD carriers were pregnant at an age varying from 25.6 to 33 years [18,19,20,21]. In three out of four studies, the investigated women had been ICD carriers for at least one year before pregnancy [19,20,21]. In 25% to 64% of cases, an ICD was implanted for primary prophylaxis, and in 36% to 75% of cases for secondary prophylaxis.



The most common reasons for ICD implantation were DCM, idiopathic ventricular fibrillation and long QT syndrome (Table 4) [18,19,20,21].



3.1. Maternal Complications


3.1.1. Deterioration of Heart Failure


Boulé et al. reported two patients suffering cardiac events after delivery. One patient experienced chest pain with a rise in troponin levels with subsequent transient reduction in LV ejection fraction with an immediate improvement after two months of ACE-inhibition (Table 5). Another patient with Tetralogy of Fallot was admitted with progressive right ventricular dilatation and exacerbation of pre-existing pulmonary regurgitation, requiring pulmonary valve replacement [20]. Schuler et al. described a heart failure patient with non-obstructive hypertrophic cardiomyopathy which worsened during pregnancy. However, reduced left ventricular function known prior to pregnancy remained stable throughout pregnancy and the response to diuretic therapy was satisfactory. An uncomplicated, induced vaginal delivery was possible at gestational age of 37 weeks [21]. In addition, Natale et al. reported one patient with a history of dilated cardiomyopathy who developed congestive heart failure with a reduction in LV-function during pregnancy, all of which resolved after delivery [18].




3.1.2. Tachyarrhythmias with Consequent ICD Therapy


In the study by Natale et al., 10 out of 44 patients received a shock during pregnancy and after birth (Table 6). One patient experienced an inappropriate shock due to new onset atrial fibrillation, while the other patients received a shock in response to monomorphic ventricular tachycardia due to underlying severe coronary artery disease or dilated cardiomyopathy. During delivery, no shocks were observed [18]. Boulé et al. reported that one patient without an underlying structural heart disease, who primarily was not carrying an ICD, suffered an out of hospital cardiac arrest. Nine transthoracic defibrillations were necessary to control the electric storm. An ICD implantation at 6 weeks of gestation with following defibrillation testing was performed. Another patient received an appropriate shock at 4 weeks of gestation due to ventricular fibrillation. In a second instance, this patient was inappropriately shocked following sinustachycardia because of T wave oversensing by the ICD [20].



One patient with pre-existing LQTS in the study of Schuler et al. was reported to receive an appropriate shock due to ventricular fibrillation [21].



In addition to the two reports of inappropriate shocks in the retrospective studies, two case reports by Piper et al. and Olufolabi et al. described further inappropriate shock events. The patient in the case report by Olufolabi experienced an inadequate shock due to the onset of a SVT with similarity to preceding ventricular events. The problem could be pharmacologically solved [36]. Similarly, in the report by Piper et al., an onset of a supraventricular tachyarrhythmia triggered an inappropriate defibrillator discharge [38]. Further case reports describing 51 pregnancies in ICD patients did not report ICD discharges [22,34].



There were no reports of maternal deaths in ICD carriers during pregnancy in four retrospective studies or in any of the 23 case reports [31,35].





3.2. Fetal and Neonatal Complications


3.2.1. Miscarriage and Still Birth


While Boulé reported a live birth rate of 14 out of 20 births in twelve patients [20], the live birth rate reported in the other studies was higher [18,19,21]. An analysis of the study by Boulé et al. revealed that one patient in the small population of twelve persons had three miscarriages, one woman had a stillbirth, one miscarriage was doubtfully associated with a preceding shock and one pregnancy was terminated at 15 weeks gestation due to maternal danger following a heart surgery [20]. In the study by Schuler et al., one pregnancy was terminated due to a detected, severe, fetal chromosomal abnormality at 10 weeks gestation age [21]. Natale et al. reported one stillbirth due to cord strangulation [18].



Adverse fetal outcomes following the occurrence of ICD shocks were not described in the literature, with the exception of one report of ICD shock during the early stage of pregnancy [20]. Ventricular fibrillation in one pregnancy with a subsequent ICD shock and an inadequate shock following a sinus tachycardia with T wave oversensing might have resulted in a miscarriage seven days later [20], but this constellation will need further investigation in future studies. Natale et al. reported that among eleven women experiencing shocks, ten infants were born healthy and one had transient hypoglycemia, which was attributed to the mother’s sotalol therapy [18]. An ICD shock at 20 weeks of gestation in a patient with LQTS in the study by Schuler et al. remained without adverse fetal outcome [21]. Further doubt on the relationship between an ICD shock and a subsequent miscarriage is given, as the following reports describe ICD discharges occurring during first trimester of pregnancy without adverse outcomes. Bonini et al. reported an ICD discharge at 10 weeks’ gestation due to ventricular fibrillation without any adverse fetal outcomes [26]. In a report of Ahmed et al., a woman with a confirmed CPVT received three shocks and experienced several episodes of antitachycardia pacing during the first trimester and gave birth to a healthy newborn with an average birth weight [28]. Another woman in the report by Hodes et al., experienced an ICD discharge at three weeks gestation and the newborn showed no abnormalities [43]. In a dramatic report by Burrows et al., a patient received 200 discharges in eight days, but nevertheless, she gave birth to an infant at 24 weeks, who could be discharged home at a full term corrected gestational age [27].




3.2.2. Preterm Delivery


With respect to preterm delivery, Schuler et al. [21] observed that, in three out of 19 pregnancies, delivery prior to 36 weeks was necessary due to symptomatic palpitations and left ventricular failure (Table 7). Francia presented a case report of a woman with hypertrophic cardiomyopathy with the need for preterm delivery due to progressive worsening of heart failure symptoms [39]. In the report by Mitsui, a woman with a severe HOCM at gestation week 27 had to undergo a preterm delivery due to a progression and exacerbation of her HOCM with pulmonary edema during pregnancy [32]. However, no cases of preterm delivery associated with ICD shock had been reported so far.





3.3. Device-Related Complications


3.3.1. Thrombotic Complications


Schuler et al. presented one case of a lead thrombus in a pregnant woman with HOCM and an ICD for primary prevention of sudden cardiac death, but good biventricular function was maintained. The thrombus with a size of 13 × 15 mm attached to the ventricular lead in close proximity to the tricuspid valve was identified in the second trimester. Thrombophilia screening was conducted and a homozygous polymorphism for factor V was found. Furthermore, family history of thrombotic events was reported. Anticoagulation with Dalteparin was administered and the ICD system was replaced in this patient. The patient made an uneventful recovery and underwent elective caesarean section at 36 weeks gestation [21]. In further literature research, including 23 case reports, no lead thrombi were described [25]. Natale et al. described a case of pulmonary embolism during pregnancy [18].




3.3.2. Lead Failure and/or Fracture


In the literature, two cases of lead fracture were reported (Table 8). In the study by Schuler et al., a pacemaker-dependent patient with HCM and a previous Ross surgery developed high atrial impedance in the second trimester and further investigation showed an atrial lead fracture [21]. Al-Aqeedi et al. reported of a case of multigravida, in which the patient needed a revision of a six-year-old ventricular shock lead after the delivery of her second child [40].





3.4. Delivery


So far, no appropriate or inappropriate ICD shocks during delivery have been reported in the literature (see Table 9). Furthermore, as already reported above, in contrast to transthoracic shock therapy, the fetal risk during ICD shock seems low at labor because of a limited transferred energy to the uterus when ICD firing occurs [20]. Therefore, in reported studies, antitachycardia therapy remained on during vaginal deliveries as well as during cesarean sections (C-sections) as long as the cautery was not involved.




3.5. Sucbcutaneous ICD and Wearable Cardioverter/Defibrillator in Pregnancy


Subcutaneous ICD (S-ICD) systems emerge as an alternative system for the prevention of SCD. Particularly in younger patients with a need for longevity of the system, S-ICD systems gain more importance in the guidelines. Implantation of an S-ICD, if an ICD indication emerges during pregnancy, should even be considered in order to avoid fluoroscopy [9]. Nevertheless, the literature on S-ICD in pregnancy is limited to a case report. During delivery, the S-ICD was deactivated [42].



With the exception of one case report of Reuschel et al. of a woman provided with a wearable cardioverter/defibrillator (WCD) during pregnancy due to refusal of a permanent ICD system, the literature of WCD during pregnancy is limited to reports of women with peripartal cardiomyopathy (PPCM) [44]. In a single center observational study of Dunker et al., seven patients with PPCM were provided with a WCD. Three of those seven women had an appropriate and successful discharge after delivery and no woman had died as long as provided with a WCD [45]. In a study of Saltzberg, 107 women with PPCM were enrolled. No shocks or lethal outcomes had been observed for the time of supply with a WCD [46].




3.6. The Management of Antiarrhythmic Therapy


The most common way to treat tachyarrhythmia in pregnancy is to initiate antiarrhythmic drugs. Modifications on the programming of ICDs are only reported, if malfunction, like T-wave oversensing, requires a reprogramming. [20] The initiation of antiarrhythmic therapy in pregnancy has to be carefully assessed with consideration of therapeutic benefits and potential fetal as well as maternal risks of antiarrhythmic drugs. Recommendations for antiarrhythmic regime in pregnancy have to be respected [47].



Beta-blockers play an important role in the antiarrhythmic treatment of ventricular tachycardia during pregnancy and while breastfeeding, especially for long QT syndrome or CPVT [48]. All beta-blockers have the potential to affect fetal and newborn growth, but only atenolol has been singled out as being a Food and Drug Administration (FDA) class D drug. The rest are FDA class B or C [49]. In addition to beta-blockers, verapamil is recommended in the European guidelines for pregnancy and arrhythmias in the long-term therapy for prevention of idiopathic sustained VT [9].



Sotalol and intravenous procainamide can be used to convert hemodynamically stable monomorphic VTs. If an unstable monomorphic VT is not responding to cardioversion or the aforementioned drugs, amiodarone can be administered [50].





4. Discussion


Altogether, the literature is limited to 133 pregnant women with an ICD. With the exception of one pregnant woman, all patients have been ICD carriers prior to pregnancy. When mentioned in the literature, the indication for ICD implantation was predominantly for secondary prevention of SCD (see Table 1). Women with an ICD at child bearing age belong to a highly vulnerable group. Because of advanced, complex underlying cardiac diseases, women with certain cardiologic entities are at risk of an exacerbation of their disease during pregnancy and are generally advised not become pregnant [10].



Women with structural heart diseases are especially jeopardized because pregnancy might deteriorate pre-existing cardiac conditions. Therefore, careful interrogation prior to pregnancy with individual risk evaluation is necessary [51].



Pregnancy is expected to be accompanied by proarrhythmic risk due to physiological changes during pregnancy or deterioration of preceding cardiac diseases. Pregnant women have a higher risk of experiencing supraventricular tachycardias. The most common type is a reentrant tachycardia [52]. Patients with a preceding electrical disorder or a structural, cardiac disease may be expected to have also an increased number of ventricular arrhythmias or more frequent ICD firings due to hemodynamic changes or/and autonomic nervous system alterations during pregnancy [18]. Reports of either appropriate or inappropriate ICD discharges are listed in Table 2 and Table 6. Adverse fetal outcomes following the occurrence of ICD shocks or antitachycardia pacing are not found in the literature, with the exception of one report of an ICD shock during the early stage of pregnancy. There is doubt as to the relation, as other reports at early gestational age, with shocks at three weeks gestation age and multiple shocks at early gestation, remained uneventful. As idiopathic miscarriage occurs in 15% of the background population, the case of miscarriage, described by Miyoshi et al., might not be related to the preceding ICD discharge [19]. In contrast to ICD shocks, transthoracic shocks were reported to result in severe, sustained fetal bradycardia [53]. It has been hypothesized that the uterus is a likely good conductor of electricity and contracts following transthoracic shocks. ICD shocks, however, are targeted away from the uterus [20]. Another reason for the lack of adverse fetal side events is that the fetal myocardium has a high fibrillation threshold and that low transmission of shock energy is conducted to the fetus [54]. Based on this observation, and the fact that no ICD firings have been described during delivery in the literature, it is recommended that antitachycardia function remains on during vaginal deliveries as well as during cesarean sections (C-sections) as long as the cautery is not involved [18]. According to a prevalence of 13% of C-sections in the general population, operative delivery seems more common in the evaluated studies of pregnant women with an ICD [55].



In patients with an underlying cardiac disease, the rate of miscarriage is even reported to be 12–24%. With regard to cardiac patients, the presence of maternal cyanosis and reduced cardiac output are known predictors of fetal growth restriction and might result in miscarriage [56]. Most of the miscarriages were reported in a small retrospective analysis that included twelve women. Among the patients with reported miscarriage, one woman suffered three miscarriages, another woman had a stillbirth without specified circumstances and one miscarriage was due to cord strangulation. One pregnancy had to be terminated due to maternal danger and another one due to severe, fetal chromosomal abnormality [18,20,21].



As aforementioned, preterm delivery was solely associated with exacerbation of preexisting structural heart diseases [57]. However, no cases of preterm delivery were referred to ICD shocks. This observation emphasizes the relevance of individual risk evaluation and close follow ups with interdisciplinary treatment.



The most relevant device-related complications were thrombus formations on leads and the risk of lead fractures. In the literature, one case of a lead thrombus was described. In a study from 2003, Chow et al. describe an incidence of 25% of lead thrombi in the general device carrier population, independent of pregnancy. Of note, in the study of Chow et al., one patient out of 46 patients with diagnosed lead thrombi developed symptomatic pulmonary embolism. However, most thrombi were small and subclinical [58,59]. Another thrombotic event with a pulmonary embolism was reported in the literature of pregnant women. However, the described prevalence of thromboembolic events in patients with an ICD might be in accordance with the average incidence of 0.1–0.5% in pregnancy [60]. The risk of a lead fracture is a major concern. Due to fetal growth, the diaphragm elevates, abdominal girth expands, and contractions associated with labor may increase stress on the transvenous lead system, which potentially may lead to risk of a lead fracture. Lead complications are difficult and dangerous to treat in pregnancy. Lead explantation and re-implantation are associated with elevated procedural risk [19]. In the literature, two cases of lead fracture were reported. Nevertheless, with an incidence of 2.6 to 3.6% of lead fractures in the average population, the reported device complications seem comparable to the standard population [61].




5. Conclusions and Limitations


The number of female ICD carriers reaching childbearing age with the desire to have a baby is expected to increase. Despite this, systematic guidelines to treat those patients are missing. Recommendations are restricted to limited literature. According to physiological changes in pregnancy, resulting in an increase in heart rate and cardiac output, a vulnerability for malignant arrhythmia might be suspected. However, compared to other ICD carriers and the general population, an increased rate of ICD therapy and miscarriages have not been described yet. Nevertheless, data are limited on this subject. Therefore, further investigations are necessary to assess this issue. A similar risk seems to be evident for device-related complications. However, inappropriate shocks have also been described. Furthermore, pregnancy can exacerbate preexisting cardiac conditions, resulting in a worsening of underlying cardiac diseases and a consequent increased risk of preterm delivery dependent on the underlying cardiac pathology. In addition, it might hamper diagnostics and treatment of underlying arrhythmic pathologies due to the risk of fetal harm. Thus, precise interrogation prior to pregnancy with individual risk evaluation, and close follow ups with interdisciplinary treatment during pregnancy, are necessary in this vulnerable patient group. Further large, prospective studies are necessary to determine guidelines for pregnancy and delivery in patients with an ICD.
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Figure 1. Flowchart outlining the protocol adopted in this systematic review for literature selection. 
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Table 1. Overview of the four retrospective studies describing pregnancy with an implantable cardioverter defibrillator (ICD). The age of pregnancy, the duration of ICD carriage before pregnancy, the reason for implantation (primary vs. secondary prevention of sudden cardiac death), the number of people taking antiarrhythmics and the left ventricular ejection fraction (LVEF) is given.
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	Study
	n
	Age
	Carrier (years)
	Primary Implant. (n)
	Secondary Implant. (n)
	Antiarrythmics (n)
	LVEF (%)





	Boulé
	12
	28 ± 5
	-
	3
	9
	9
	>55



	Miyoshi
	6
	25 ± 6
	5 ± 3
	-
	-
	6
	53 ± 2



	Schuler
	14
	33
	3.8
	9
	5
	12
	>55



	Natale
	44
	25.6 ± 4.9
	4.8 ± 2.8
	11
	33
	25
	49.8 ± 9.7
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Table 2. Summary of the case reports and case series, including the authors’ names, the number of patients presented (n) and the most important complications.
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	Authors
	n
	Complications





	Bouslama et al. [22]
	1
	Patient with HOCM, no adverse events



	Howell et al. [23]
	1
	Patient with non obstructive HCM, no adverse events



	Kanniah et al. [24]
	1
	Patient with Holt–Oram syndrome, no adverse events



	Luo et al. [25]
	5
	5 Patients with ARVC, no adverse events



	Bonini et al. [26]
	1
	Patient with IVF, ICD discharge at 10 weeks gestation



	Burrows et al. [27]
	1
	Patient with IVF, 200 discharges during pregnancy, infant was discharged at full-term corrected gestational age, mother needed intermitted venoarterial extracorporeal membrane oxygenation, discharged on hospital day 19



	Ahmed et al. [28]
	1
	Patient with CPVT, 3 ICD discharges at 2 weeks, 4 weeks and 9 weeks gestation, delivered a healthy male newborn



	Rodríguez-Mañero et al. [29]
	3
	3 Patients with Brugada Syndrome, no discharges



	Salman et al. [30]
	2
	1 Patient with LQTS and 1 Patient with HOCM, no ICD discharge



	Schumer et al. [31]
	1
	1 Patient with CPVT, no ICD discharge, healthy newborn



	Smeets et al. [7]
	1
	1 Patient with SCD and a Marfan Syndrome, no discharge, no adverse events



	Mitsui et al. [32]
	1
	Patient with HOCM, preterm delivery due to worsening of cardiomyopathy with pulmonary congestion



	Michalak et al. [33]
	1
	Patient with IVF, Pregnancy without complications



	Al-Refai et al. [34]
	1
	Patient with LQTS, no adverse events



	Doyle et al. [35]
	1
	Patient with ARVC, no adverse events



	Olufolabi et al. [36]
	1
	Patient with repetitive episodes of sustained VT, 1 appropriate shock at 18 weeks gestation and 1 inappropriate shock at 3rd trimester



	Knops et al. [37]
	1
	Patient with IVF, no ICD discharge during pregnancy



	Piper et al. [38]
	1
	Healthy newborn despite an inappropriate discharge at 33 weeks gestation due to atrial fibrillation



	Francia et al. [39]
	2
	2 patients with non-obstructive HCM, no ICD discharge, preterm delivery due to worsening of the cardiomyopathy in 1 patient



	Al-Aqeedi et al. [40]
	1
	ICD in DCMP, extraction and reimplantation of a 6 year old shock lead after her second delivery



	Ergle et al. [41]
	1
	ICD to VT because of recurring coronary spasm, ICD discharge at 17 weeks gestation, preterm delivery at 24 weeks due to electrical storm



	Strewe et al. [42]
	1
	One woman with PPCM and S-ICD, deactivated during pregnancy
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Table 3. Subgroup analysis of the ICD population in a study investigating the maternal and fetal outcome of pregnant women with an underlying ARVC.
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	Authors
	n
	Complications





	Hodes et al. [43]
	28
	28 patients with ARVC, live birth despite ICD discharge at 3 weeks gestation in one patient
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Table 4. The underlying cardiac disease for ICD implantation.
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	Study
	ToF (n)
	HCM (N)
	LQTS (N)
	DCM (N)
	IVF (N)
	ARVC (N)
	CPVT (N)
	LPS (N)
	CHD (N)





	Boulé
	1
	2
	1
	0
	3
	2
	1
	1
	1



	Miyoshi
	0
	0
	2
	2
	1
	0
	0
	0
	1



	Schuler
	1
	8
	3
	1
	1
	0
	0
	0
	0



	Natale
	0
	1
	13
	9
	17
	1
	0
	0
	3







ToF (Tetralogy of Fallot). HCM (hypertrophic cardiomyopathy). LQTS (long QT syndrome). DCM (dilatative cardiomyopathy). IVF (idiopathic ventricular fibrillation). ARVC (arrythmogenic right ventricular cardiomyopathy). CPVT (catecholaminergic polymorphic ventricular tachycardia). LPS (Laubry–Pezzi syndrome). CHD (congenital heart disease).
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Table 5. Maternal complications of pregnancy with an ICD.
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	Study
	Death (n)
	Heart Failure (n)
	Thrombosis/Thromboembolism (n) and %
	VT/VF (n)
	SVT (n)
	Worsening LVEF (n)
	Valve Replacement (n)





	Boulé
	0
	0
	0
	2
	0
	1
	1



	Miyoshi
	0
	0
	0
	3
	1
	1
	0



	Schuler
	0
	1
	1
	3
	1
	0
	0



	Natale
	0
	1
	1
	10
	1
	0
	0
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Table 6. Highlight the risk of appropriate and inappropriate shocks in pregnant women with an ICD.
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	Study
	n
	No Discharge (n)
	Shock (n)
	Inappropiate Shock (n)





	Boulé
	12
	10
	2
	1



	Miyoshi
	6
	6
	0
	0



	Schuler
	14
	13
	1
	0



	Natale
	44
	33
	10
	1
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Table 7. The number of live births, preterm delivery/labor, the Apgar score at 5 and 10 min, the mean birth weight in grams, the number of fetuses with lower birth weight (LBW), intrauterine growth retardation (IUGR) and neonatal hypoglycemia (NHG).






Table 7. The number of live births, preterm delivery/labor, the Apgar score at 5 and 10 min, the mean birth weight in grams, the number of fetuses with lower birth weight (LBW), intrauterine growth retardation (IUGR) and neonatal hypoglycemia (NHG).





	Study
	Pregnancies
	Live Birth
	Preterm Delivery/Labor
	Apgar Score 5 min
	Apgar Score 10 min
	Mean Birth Weight (g)
	LBW
	IUGR
	NHG





	Boulé
	20
	14
	5
	10
	10
	2690 ± 596
	3
	4
	5



	Miyoshi
	6
	6
	2
	8
	9.33
	2210 ± 603
	3
	3
	3



	Schuler
	19
	18
	3
	-
	-
	2900
	-
	-
	-



	Natale
	40
	39
	-
	-
	-
	-
	2
	2
	1
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Table 8. Device-related complications.
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	Study
	n
	Lead Thrombus (n)
	Lead fracture (n)





	Boulé
	12
	0
	0



	Miyoshi
	6
	0
	0



	Schuler
	14
	1
	1



	Natale
	44
	0
	0
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Table 9. The mean gestation age, delivery method, occurrence of ventricular arrhythmia, number of shocks during delivery and activation status of the ICD during delivery, are presented.
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	Study
	Mean Gestation Age (Weeks)
	Vaginal Delivery
	Caesarean Section
	Arrythmia
	Shock
	Antitachycardia Therapy: On





	Boulé
	37
	6
	6
	No
	No
	-



	Miyoshi
	37 + 2
	0
	6
	No
	No
	0



	Schuler
	38
	12
	5
	No
	No
	-



	Natale
	-
	37
	7
	No
	No
	28
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