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Vaka Sunumu

• 38 yaşında, 25 yıl önce tetraloji onarımı olan kadın hasta
• Hafif-orta PR ile rezidüel VSD
• Herhangi bir semptom olmadan takip edildi
• İki gündür nefes darlığı şikayeti ile acil servise başvurdu.
• 10 gündür gün boyu aralıksız devam eden çarpıntısı vardı.



Fizik İnceleme
• Düzensiz kalp atışı
• Takipne ve ortopnesi var
• Sol ikinci interkostal grade 2-3/6 

sistolik ve erken diyastolik üfürüm
• Her iki akciğer bazal bölgesinde

krepitan raller
• 3 cm hepatomegali, asit yok
• Hafif ödem
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Arrhythmias in adults with congenital heart disease: What are risk factors 
for specific arrhythmias? Loomba SH et al. PACE 2016  

• KKH'li 27.088/ 109.168 (%25) hastada aritmi. 
• Ritm bozukluğu olanlarda
• Atriyal fibrilasyon %85.7 oranında. 
• Atriyal taşikardi (%19.5) 
• Ventriküler taşikardi (%5.4) 
• Aritminin en çok görüldüğü durumlar; 
• %51 triküspit atrezisi
• %39 Ebstein anomalisi. 
• Artan yaş, erkek cinsiyet, kalp yetersizliği, obstrüktif uyku apnesi, ek 

risk faktörleridir



DKH’lı Erişkinlerde Atriyal Aritmi
• Supraventriküler taşiaritmi, erişkin DKH en sık görülen aritmi şeklidir ve

yaşamlarının üçüncü on yılına giren hastalarda %50 oranında izlenir. 
• En yaygın mekanizma: 
• İntraatriyal reentran taşikardi (IART)/Atriyal flutter
• Otomatik olmayan fokal atriyal taşikardi (NAFAT) 
• İkiz atriyoventriküler (AV) düğümlerin aracılık ettiği atriyoventriküler

reentran taşikardi (AVRT), AVRT'nin tipik formları
• AV düğümü reentrant taşikardi
• Atriyal fibrilasyon (AF). 



Atriyal Taşikardi Mekanizması
• Merkezi engeller: 
• Triküspit kapak anulusu ve vena kava gibi doğal yapılar
• Önceden cerrahi manipülasyon ile oluşturulan yapay yapılar
• Dikiş
• Skar dokusu
• Yamalar
• Kesiler
• Geç postoperatif ortamda değişen hemodinamiğe bağlı

fibrosis/artmış volüm yükü.



seen, thought to be mediated by scarred tissues
supporting micro-reentry.46,47

Patients with single ventricular physiology and
Fontan circulation (particularly with right atrial to
pulmonary artery connections), atrial baffles
created by Mustard and Senning procedures for
treatment of d-transposition of the great arteries
(d-TGA), and repaired TOF are at greatest risk,
but patients with simple atrial septal defect repair
are also vulnerable years after repair.2,7,11,23,48,49

Approximately 50% of patients with atriopulmo-
nary Fontan repairs will develop IART within a
decade of surgery and few patients with d-TGA
will remain in sinus rhythm 10 years after Mustard
or Senning repair.44,50 Although ventricular arrhyth-
mias are important in patients with TOF, IARTs are
more prevalent and themain source ofmorbidity.51

IART has a stable cycle length and P-wave
morphology. It tends to have slower atrial rates
than typical atrial flutter (150–250 beats per min-
ute). Atypical P waves are common, and multiple
morphologies may be seen within one patient,
suggesting “shift” from one circuit to another. In
the presence of a healthy AV node, rapid conduc-
tion may cause symptomatic hemodynamic
decompensation (Fig. 3).18,20,52–54 Conversely,
IART may masquerade as sinus rhythm when 2:1
or 3:1 conduction is present, thus the index of sus-
picion must be high. Hidden P waves may be un-
covered by vagal maneuvers or diagnostic use of
adenosine.11

Atrial Fibrillation

Prevalence of AF is increasing in the ACHD popu-
lation, with a reported prevalence of 31% in one

cardioversion study.23 In patients with TOF, AF
has surpassed IART as the most prevalent atrial
arrhythmia in patients older than 55 years.19 Aortic
stenosis, mitral valve deformities, unrepaired (or
unpalliated) single ventricles, unrepaired atrial
septal defect (ASD), and to a lesser extent, Fontan
surgery, are associated with development of
AF.22,23,55 Some concerning trends are that
approximately 30% of patients who have previ-
ously undergone successful catheter ablation for
IART develop AF at in follow-up and nearly 25%
will develop AF many years after an ASD
closure.55,56 The mechanism of AF in the CHD
population is likely linked to chronic hemodynamic
stress and remodeling of the left atrium.

Ventricular Arrhythmias

Although ventricular ectopy and nonsustained
ventricular tachycardia (VT) are common in
ACHD populations, sustained monomorphic VT
is quite rare.2,57–60 The most common substrate
for sustained VT is TOF. The prevalence of VT after
TOF repair is estimated to be 3% to 14%,25,26,51,61

and risk of sudden cardiac death (SCD) estimated
to be 0.2% per year,15,24–28 which may reach as
high as 1% per year in adulthood by the fourth or
fifth decade of life.26,27 Greatest risk for ventricular
arrhythmias is posed via 2 distinct mechanisms,
which are not necessarily exclusive in a particular
patient: (1) those who have undergone repair
involving a ventriculotomy, and (2) those with
long-standing hemodynamic overload causing
ventricular dysfunction and/or hypertrophy inde-
pendent of surgical incisions.2,7,12,24,62–66

Fig. 2. Example of flutter circuit
created by natural conduction bar-
riers, surgical incisions or patches
following CHD repair. ASD, atrial
septal defect; IVC, inferior vena cava;
LA, left atrium; PV, pulmonary veins;
RA, right atrial; SVC, superior vena
cava. (Adapted from Lee G, Sanders
P, Kalman JM. Catheter ablation of
atrial arrhythmias: state of the art.
Lancet 2012;380:1512; with
permission.)
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Ritim Problemlerinin Mekanizması

• Sinüs düğümü disfonksiyonu (sol atriyal izomerizm) veya cerrahi
sonrası bradikardi (sinüs düğümü arterinde hasar)
•Makro ve mikro reentrant devreler
• Atriyal ve ventriküler miyokardın iskemi, hacim ve basınç aşırı

yüklenmesi miyokardiyal hasar, skar dokusu ve müteakip
aritmilere yatkınlık yaratır
• LTGA ve Ebstein ve çift AV nodu olan hastalarda aksesuar yolların

oluşumu



KKH ve Aritmiler

hemodynamic stresses and intermittent inflam-
matory effects of surgical intervention
(Fig. 2).7,12,24,35,40–43 The natural history of IART
is characterized by gradual loss of normal sinus

node function followed by increasingly frequent re-
currences of tachycardia. Older age at operation
and longer follow-up are prominent risk fac-
tors.44,45 Ectopic atrial tachycardias are also

Table 1
Spectrum of bradyarrhythmias and tachyarrhythmias seen with selected CHD subtypes

CHD Type IART AF WPW VT/SCD
SA Node
Dysfunction

Spontaneous
AV Block Acquired AV Block

VSD 1 — — 1 — — 1

ASD 11 1 — — — — —

TOF 111 — — 11 — — 1

Aortic stenosis — 1 — 11 — — 1

d-TGA (Mustard or
Senning)

111 — — 11 111 — —

CAVC 1 — — — — 1 11

Fontan 111 11 — 1 111 — —

l-TGA 1 — 1 1 — 11 111

Ebstein’s anomaly 11 — 111 11 — — —

Abbreviations:AF, atrial fibrillation; ASD, atrial septal defect; AV, atrioventricular; IART, intra-atrial reentrant tachycardia;
SA, sinoatrial; SCD, sudden cardiac death; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; VSD, ventric-
ular septal defect; VT, ventricular tachycardia.

Adapted from Walsh EP. Interventional electrophysiology in patients with congenital heart disease. Circulation
2007;115:3225.

Fig. 1. Congenital malformations associated with arrhythmias. (From Triedman JK. Arrhythmias in adults with
congenital heart disease. Heart 2002;87:384; with permission.)
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Konjenital defekt ve tip ile ilgili SVT insidansı

KKH Tipi Ameliyat türü Insidansı

ASD Yetişkin olarak düzeltilmemiş
15 yaşından önce cerrahi kapatma

50%
16%

TGA Mustard/Senning
Arteriyel düzeltme

28%–37% 
5%

Tek ventrikül Atriopulmoner Fontan 
İntrakardiyak tünel
Ekstrakardiyak tünel

%50 >10 yıl, %100 ≥26 yıl
10 yıl sonra %13
10 yıl sonra %10

Fallot Tetralojisi Tüm düzeltme %20'ye kadar yaşa bağlı



Ameliyattan 3 yıl sonra taşikardi TCPC (7 yaşında)



Fontan Dolaşımındaki 
Sorunlar

• Kalp yetmezliği
• Aritmiler
• Tromboembolik komplikasyonlar
• Protein kaybettiren enteropati



Fontan Dolaşımı ve Aritmiler

•Hayatta kalan yetişkinlerin %75'inde Fontan
prosedüründen sonra aritmi gelişir, en yaygın olanı atriyal 
taşikardidir 
• Bu aritmiler oldukça semptomatiktir ve genellikle tıbbi 

tedaviye dirençlidir. 
•Daha yüksek ventrikül hızlarına neden olabilirler, böylece 

ventriküler disfonksiyon ve ilerleyici dolaşım yetmezliğini 
olumsuz yönde etkileyebilirler.
• Yeni başlangıçlı aritmi klinik gidişi kötüleştirebilir ve 

advers olaylara yol açabilir.



Toplam Toplam ARİTMİ YOK ARİTMİ VAR p Değeri

N 166 96 70

Ortalama mevcut yaş (yıl) 29.1 (±9.2) 25.3 (±5.6) 34.4 (±10.5) <0.001

Fontan'daki ortalama yaş (yıl) 9.0 (±8.5) 6.4 (±5.4) 12.6 (±10.5) <0.001

Fontan'da ortanca yaş (yıl) 5.6 (3.8–11.9) 4.8 (3.3–7.6) 11.0 (5.3–14.9) <0.001

Fontan Türü

Klasik Fontan 104(63%) 48 (50%) 56 (80%)

İntraatriyal tünel 22 (13%) 17 (18%) 5 (7%)

TCPC (TCPC) 40 (24%) 31 (32%) 9 (13%)

Ortalama takip süresi (yıl) 18.6 (±4.7) 17.3 (±3.7) 20.5 (±5.2)

Mortalite 21 (13%) 9 (9%) 12 (17%) 0.21

Fontan operasyonu sonrası erişkinlerde AT prevalansı.Quinton E. 
Heart 2015 



Total
(n=70)

Modifiye AP  (n=56) Lateral tünel (n=5) TCPC (n=9)

Arrhythmia Type

IART 46 (66%) 39 (70%) 2 (40%) 5 (56%)

Atrial fibrillation (AF) 8 (11%) 6 (11%) – 2 (22%)

IART+AF 12 (17%) 9 (16%) 2 (40%) 1 (11%)

SVT 4 (6%) 2 (4%) 1 (20%) 1 (11%)

Mean age at arrhythmia onset
(years)

26.7 (±9.3) 27.4 (±9.1) 22.9 (±4.7) 24.1 (±11.7)

Mean time since Fontan to arrhythmia 
onset (years)

14.2 (±6.4) 15.3 (±6.2) 12.3 (±1.6) 7.3 (±5.3)

Fontan modifikasyonlarına göre Aritmi tipleri



vAntiaritmik Tedavi 
v Digoksin, beta bloker, flekainid, prokainamid, sotalol, 

amiodaron►% 60 nüks
v DC şok
v Kardiyak cihazlar
v Ablasyon
v Ritim bozukluğu cerrahisi

Taşiaritmi Yönetimi



Outcomes in adult Fontan patients with AT. Egbe A. Am
Heart J  2017



Kateter Ablasyonu
• Haritalama zorluğu
• Birden çok reentry halkası
• Genişlemiş sağ atriyum
• Kalınlaşmış atriyal duvarlar
• Uzun müdahale süresi
• Nispeten düşük başarı
• Yüksek nüks oranı



• 1998 ve 2017 yılları arasında gerçekleştirilen 42 AP Fontan 
hastasında (31± 8 yaş) 60 atriyal aritmi ablasyonu gözden geçirildi. 
• Vakaların% 93'ünde IART indüklendi.
• On iki hastaya (%29) en az bir tekrar ablasyon prosedürü uygulandı

ve ablasyonlar arasında ortalama süre 2.7-3.0 yıl oldu.

Klasik Fontan için Ablasyon

Ablation of Atrial Arrhythmias After the Atriopulmonary Fontan Procedure Mechanisms of 
Arrhythmia and Outcomes. Moore BM, JACC Electrophysiology 2018



Fontan Konversiyonu ve Aritmi Cerrahisi



Konversiyon 
Cerrahisi

• Endikasyonlar, cerrahi teknikler ve takip sürelerindeki birçok
farklılığa rağmen, medyan aritmi nüksü %13'tür (IQR, %4-
%26).
• AF tedavisinde biatriyal lezyonlar tercih edilirken, IART 

tedavisinde sadece sağ taraflı lezyonlar daha uygun olabilir.
• Teorik olarak, profilaktik atriyal aritmi cerrahisi bu

popülasyonda faydalı olabilir. 



• Ortalama aritmi nüksü
%13 

• AF tedavisinde biatriyal
lezyonlar tercih edilir

• Sağ taraflı lezyonlar IART 
tedavisinde daha uygun
olabilir.

Intermediate-Term Outcome of Fontan Conversions With Arrhythmia Operations. 
Deal B. Ann Thorac Surg 2016.  

carcinoma or liver failure, will be needed to define the late
hazards of the Fontan circulation.

Arrhythmias
The negative effect of arrhythmia development on
transplant-free survival in Fontan patients is profound
[4, 5]. In a large multicenter study of 321 adult Fontan

patients, the development of clinically significant ar-
rhythmias and signs of heart failure resulted in death or
cardiac transplantation within 3 years in 40% of those
with atriopulmonary connections [4]. In our population
with refractory atrial arrhythmias and predominantly
atriopulmonary connections, the 5-year transplant-free
survival of 90% compares quite favorably vs the early

Fig 2. Kaplan-Meier survival
curve demonstrates freedom from
atrial arrhythmia recurrence,
stratified by type of arrhythmia
operation: isthmus ablation (solid
line). The 95% confidence in-
tervals are shown as color brackets
around each line, with no signifi-
cant differences between groups by
the log-rank test.

Table 4. Published Experiences With Fontan Conversion Operations

First Author Year
Patients
No.

Age
Mean y

Arrhythmia
Operations

No.

Operative
Deaths
No. (%)

Follow-Up
Mean y

Arrhythmia
Recurrence
No. (%)

Late Death
or Transplant

No. (%)

Kawahira [10] 2001 4 21 4 0 2.8 1/4 (25) 0
Setty [11] 2002 6 23 6 0 2.4 2/6 (33) 0
Agnoletti [12] 2003 11 21 11 1 (9) 1.4 3/10 (30) 0
Weinstein [13] 2003 10 21 10 2 (20) 1.4 1/8 (12) 0
Sheikh [14] 2004 15 20 11 0 3.6 1/11 (9) 1 (7)
Erek [15] 2006 5 10 2 0 4.4 0/2 (0) 0
Takahashi [16] 2009 40 19a 21 6 (15) 4.2a 5/18 (28) 1 (3)
Hoashi [17] 2010 7 20a 7 0 7.4a 0/7 (0) 1 (14)
Aboulhosn [18] 2010 27 30 21 2 (7) 4.2 3/21 (14) Unclear
Hiramatsu [19] 2011 38 26 22 3 (8) 4.3 2/21 (10) 5 (13)
Sridhar [20] 2011 15 26a 15 2 (13) 4.4a 2/13 (15) 0
Mossad [21] 2013 61 21 unclear 0 5.4a 18% 3 (5)
Terada [22] 2014 24 21 24 0 1.8 3/12 (25) 1 (4)
Jang [23] 2014 31 14.4 26 1 (3) 6.5a 4/24 (17) 3 (10)
Said [24] 2014 70 23a 49 10 (14) 5.0 8/49 (16) 10 (17)
Poh [25] 2015 39 24 37 4 (10) 6.0a 7/37 (19) 6 (15)
Deal Present

study
139 23a 139 2 (1.4) 8.1a 31/136 (23) 25 (18)

Totals 542 405 (75) 33/542 (6.1) 73/379 (19) 56/542 (10.3)

a Median data.

722 DEAL ET AL Ann Thorac Surg
OUTCOMES OF 140 FONTAN CONVERSIONS 2016;101:717–24
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Biatriyal Maze

Sağ atriyal Maze

Isthmus blok



Fallot Tetralojisinde Atriyal Aritmiler

• TOF'lu yetişkin hastalar üzerinde yapılan çok merkezli bir
çalışmada, %43'ünde sürekli aritmi ve bunların %20'si AT idi.
• TOF'lu yetişkin hastalarda, intraatriyal reentran taşikardi ve

kavotriküspid isthmus'a bağımlı atriyal flutter dahil olmak üzere
reentrant AT gelişme riski artmıştır.
• Atriyal fibrilasyon (AF) gelişme riski, yaşamın dördüncü on yılından

sonra artar.
• Aritmi, onarılmış TOF'lu yetişkinlerde hem morbidite hem de 

mortaliteye katkıda bulunur. 



• Sağ atriyal boyutu ve orta derecede triküspit yetmezliği AT, ile
ilişkilidir. Rezidüel hemodinamik lezyonların tanı ve tedavisi
önemlidir. 
• Buna karşılık, AF riski, ileri yaş, azalmış sol ventrikül (LV) 

ejeksiyon fraksiyonu, sol atriyal dilatasyon, hipertansiyon ve kalp
ameliyatı sayısı gibi geleneksel risk faktörleriyle ilişkili
görünmektedir. 
• Bir çalışmada, hastaların% 38'inde birden fazla aritmi

saptanmıştır. 
• Sinüs düğümü disfonksiyonu ve AT sıklıkla birlikte görülür ve

birbirini tetikler. 



those with nonperioperative tachycardia ranged from 9.1% to
33% and was highest for patients with VF (Table 1).

INTERVENTION. A total of 30 patients (20.4% of those with
nonperioperative tachycardia, 2.4% annually) received
tachycardia interventions during the study period: 22 RFCA
procedures (44% of AFL, 21% of VT, 16% of AF, and 9% of
SVT), 4 surgical maze procedures for atrial arrhythmias, and
9 ICD implantation procedures. Almost all of the tachycardia
interventions were performed in adults (Figure 2). ICD was
administered at ages ranging from 15 to 48 years (median 27
years, mean 28 ! 12) in 8 of 21 survivors (38.1%) of VT
(after ablation therapy in 3 patients) and 1 of the 2 survivors
(50%) of VF. Cardiac surgery to improve hemodynamics and
thereby ameliorate the occurrence of tachycardia was per-
formed in 9 patients (6.1% of those with nonperioperative
tachycardia), including pulmonary valve replacement along
with surgical maze in 1, tricuspid valve replacement (com-
bined with surgical maze) in 3, and unspecified in 5. One
surgical death occurred.

Bradycardia
All bradycardias. The incidence of bradycardia was 1.2 %
(1.0% for AVB and 0.2% for SSS). The sex distribution was
similar among the 3 groups with bradycardia. In patients with
AVB, there were 2 hospital deaths; no deaths were noted during
follow-up. Among the 11 patients with SSS, 4 exhibited

tachycardia. Because bradycardia included surgical AVB and
late SSS, the distribution of ages at intervention for bradycardias
was even: the age groups within the age of 3 years comprised
those who exhibited AVB after cardiac repair, and late age
groups were those who received a pacemaker or generator
replacement or who developed late SSS (Figure 2).
AVB in the subgroup of patients born between 2000 and

2010. In the subgroup of those born between 2000 and
2010 with complete postnatal data, the incidence of AVB
was 0.9% (17/1960), and 12 patients (0.6%) received a
permanent pacemaker.

Discussion
This is the first national database study, without institutional
bias, exploring the risk of arrhythmias in TOF patients. The
study led to several findings: (1) arrhythmias were more
common in adult (8.3%) than in pediatric (2.8%) patients and
exhibited a higher mortality risk; (2) the chance of non-
perioperative tachycardia increased with age and was 10.2%
and 16.9% in the 40–49 andZ50 year age groups; and (3) in
the subgroup of patients born between 2000 and 2010, the 1-,
5-, and 10-year survival was 0.911, 0.826, and 0.788,
respectively; the risk of AVB requiring permanent pace-
maker was 0.6%. These data suggest that the outcomes of
TOF patients were improved, but the arrhythmias,

<1961 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010

VF 0.5% 0.0% 0.0% 0.1% 0.1% 0.0%

VT 1.0% 2.4% 1.9% 0.5% 0.5% 0.2%

AF 10.3% 5.8% 1.9% 0.4% 0.1% 0.0%

AFL 1.0% 0.5% 0.5% 0.3% 0.1% 0.1%

SVT 4.1% 1.5% 0.8% 2.0% 1.0% 1.1%

0.0%

2.0%

4.0%

6.0%

8.0%

10.0%

12.0%

14.0%

16.0%

18.0%

Figure 1 Distribution of birth year of patients with tetralogy of Fallot who received medical care for arrhythmia, obtained from the national database in Taiwan
between 2000 and 2010. AF ¼ atrial fibrillation; AFL ¼ atrial flutter; SVT ¼ supraventricular tachycardia; TOF ¼ tetralogy of Fallot; VF ¼ ventricular flutter/
fibrillation; VT ¼ ventricular tachycardia.
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Arrhythmic burdens in patients with tetralogy of Fallot: 
A national database study. Heart Rhythm, 2015

those with nonperioperative tachycardia ranged from 9.1% to
33% and was highest for patients with VF (Table 1).

INTERVENTION. A total of 30 patients (20.4% of those with
nonperioperative tachycardia, 2.4% annually) received
tachycardia interventions during the study period: 22 RFCA
procedures (44% of AFL, 21% of VT, 16% of AF, and 9% of
SVT), 4 surgical maze procedures for atrial arrhythmias, and
9 ICD implantation procedures. Almost all of the tachycardia
interventions were performed in adults (Figure 2). ICD was
administered at ages ranging from 15 to 48 years (median 27
years, mean 28 ! 12) in 8 of 21 survivors (38.1%) of VT
(after ablation therapy in 3 patients) and 1 of the 2 survivors
(50%) of VF. Cardiac surgery to improve hemodynamics and
thereby ameliorate the occurrence of tachycardia was per-
formed in 9 patients (6.1% of those with nonperioperative
tachycardia), including pulmonary valve replacement along
with surgical maze in 1, tricuspid valve replacement (com-
bined with surgical maze) in 3, and unspecified in 5. One
surgical death occurred.

Bradycardia
All bradycardias. The incidence of bradycardia was 1.2 %
(1.0% for AVB and 0.2% for SSS). The sex distribution was
similar among the 3 groups with bradycardia. In patients with
AVB, there were 2 hospital deaths; no deaths were noted during
follow-up. Among the 11 patients with SSS, 4 exhibited

tachycardia. Because bradycardia included surgical AVB and
late SSS, the distribution of ages at intervention for bradycardias
was even: the age groups within the age of 3 years comprised
those who exhibited AVB after cardiac repair, and late age
groups were those who received a pacemaker or generator
replacement or who developed late SSS (Figure 2).
AVB in the subgroup of patients born between 2000 and

2010. In the subgroup of those born between 2000 and
2010 with complete postnatal data, the incidence of AVB
was 0.9% (17/1960), and 12 patients (0.6%) received a
permanent pacemaker.

Discussion
This is the first national database study, without institutional
bias, exploring the risk of arrhythmias in TOF patients. The
study led to several findings: (1) arrhythmias were more
common in adult (8.3%) than in pediatric (2.8%) patients and
exhibited a higher mortality risk; (2) the chance of non-
perioperative tachycardia increased with age and was 10.2%
and 16.9% in the 40–49 andZ50 year age groups; and (3) in
the subgroup of patients born between 2000 and 2010, the 1-,
5-, and 10-year survival was 0.911, 0.826, and 0.788,
respectively; the risk of AVB requiring permanent pace-
maker was 0.6%. These data suggest that the outcomes of
TOF patients were improved, but the arrhythmias,

<1961 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010

VF 0.5% 0.0% 0.0% 0.1% 0.1% 0.0%

VT 1.0% 2.4% 1.9% 0.5% 0.5% 0.2%
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between 2000 and 2010. AF ¼ atrial fibrillation; AFL ¼ atrial flutter; SVT ¼ supraventricular tachycardia; TOF ¼ tetralogy of Fallot; VF ¼ ventricular flutter/
fibrillation; VT ¼ ventricular tachycardia.
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those with nonperioperative tachycardia ranged from 9.1% to
33% and was highest for patients with VF (Table 1).

INTERVENTION. A total of 30 patients (20.4% of those with
nonperioperative tachycardia, 2.4% annually) received
tachycardia interventions during the study period: 22 RFCA
procedures (44% of AFL, 21% of VT, 16% of AF, and 9% of
SVT), 4 surgical maze procedures for atrial arrhythmias, and
9 ICD implantation procedures. Almost all of the tachycardia
interventions were performed in adults (Figure 2). ICD was
administered at ages ranging from 15 to 48 years (median 27
years, mean 28 ! 12) in 8 of 21 survivors (38.1%) of VT
(after ablation therapy in 3 patients) and 1 of the 2 survivors
(50%) of VF. Cardiac surgery to improve hemodynamics and
thereby ameliorate the occurrence of tachycardia was per-
formed in 9 patients (6.1% of those with nonperioperative
tachycardia), including pulmonary valve replacement along
with surgical maze in 1, tricuspid valve replacement (com-
bined with surgical maze) in 3, and unspecified in 5. One
surgical death occurred.

Bradycardia
All bradycardias. The incidence of bradycardia was 1.2 %
(1.0% for AVB and 0.2% for SSS). The sex distribution was
similar among the 3 groups with bradycardia. In patients with
AVB, there were 2 hospital deaths; no deaths were noted during
follow-up. Among the 11 patients with SSS, 4 exhibited

tachycardia. Because bradycardia included surgical AVB and
late SSS, the distribution of ages at intervention for bradycardias
was even: the age groups within the age of 3 years comprised
those who exhibited AVB after cardiac repair, and late age
groups were those who received a pacemaker or generator
replacement or who developed late SSS (Figure 2).
AVB in the subgroup of patients born between 2000 and

2010. In the subgroup of those born between 2000 and
2010 with complete postnatal data, the incidence of AVB
was 0.9% (17/1960), and 12 patients (0.6%) received a
permanent pacemaker.

Discussion
This is the first national database study, without institutional
bias, exploring the risk of arrhythmias in TOF patients. The
study led to several findings: (1) arrhythmias were more
common in adult (8.3%) than in pediatric (2.8%) patients and
exhibited a higher mortality risk; (2) the chance of non-
perioperative tachycardia increased with age and was 10.2%
and 16.9% in the 40–49 andZ50 year age groups; and (3) in
the subgroup of patients born between 2000 and 2010, the 1-,
5-, and 10-year survival was 0.911, 0.826, and 0.788,
respectively; the risk of AVB requiring permanent pace-
maker was 0.6%. These data suggest that the outcomes of
TOF patients were improved, but the arrhythmias,

<1961 1961-1970 1971-1980 1981-1990 1991-2000 2001-2010

VF 0.5% 0.0% 0.0% 0.1% 0.1% 0.0%

VT 1.0% 2.4% 1.9% 0.5% 0.5% 0.2%

AF 10.3% 5.8% 1.9% 0.4% 0.1% 0.0%

AFL 1.0% 0.5% 0.5% 0.3% 0.1% 0.1%

SVT 4.1% 1.5% 0.8% 2.0% 1.0% 1.1%
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Figure 1 Distribution of birth year of patients with tetralogy of Fallot who received medical care for arrhythmia, obtained from the national database in Taiwan
between 2000 and 2010. AF ¼ atrial fibrillation; AFL ¼ atrial flutter; SVT ¼ supraventricular tachycardia; TOF ¼ tetralogy of Fallot; VF ¼ ventricular flutter/
fibrillation; VT ¼ ventricular tachycardia.
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219/4781 (4.6%): 8.3% in adults and 2.8% in pediatric
160 (73.1%) : tachycardia and 59 (26.9%): bradycardia
33/212 (15,6%)  died with arrhythmia



particularly late-onset nonperioperative tachycardia, remained
a prime concern.

The prevalence rate of TOF based on the national
cohort comprising children (0.63/1000) was close to that
of the Quebec Congenital Heart Disease database from
1983 to 2010 (0.59/1000), but the rate in adults was
considerably lower (0.06/1000 vs 0.23/1000).13 The
causes of this difference remain unclear. Outcomes of
TOF patients have continued to improve over the past
decades such that 495% of TOF children survive repar-
ative surgery.5–7 However, late follow-up revealed hemo-
dynamic disturbances as well as electrophysiologic
disturbances.5,8–11 As shown in this national database
study, of those born between 2000 and 2010 who under-
went complete postnatal follow-up, the 1-, 5-, and 10-year
survival was 0.911, 0.826, and 0.788, respectively. Such
population survival data were close to or even slightly
more favorable than those from the Congenital Malforma-
tions Registry of New York State from 1983 to 2006, in
which the 1-, 5-, and 10-year survival was 0.86, 0.80, and
0.78, respectively.14,15 The incidence of AVB requiring a
permanent pacemaker (0.6%) was lower than that of the
Kids’ Inpatient Databases 2000, 2003, 2006, and 2009
(0.9%).16 The improvement reflects notable medical
advances as well as the effectiveness of the health care
system in Taiwan. The coverage rate of the NHI program is
499%, and copayment is waived for those with congenital
heart diseases.

The burden of arrhythmias in TOF patients varied with
the duration of postoperative follow-up and the type of study
cohort. The lowest incidence was 10% and was reported
from a Japanese multi-institutional study with mean

follow-up of 4 years.8 In a study by Khairy et al,11 based
on an adult multi-institutional cohort (age 36.8 ! 12.0
years), the arrhythmia burden was as high as 43%. The
prevalence of tachycardia was 29.9% and increased with age,
particularly after the age of 45 years for VTs.11 As shown in
the present population study, 4.6% of all TOF patients
required medical care for arrhythmia (8.3% adult, 2.8%
pediatric). For nonperioperative tachycardia, the value was
o2% before the age of 20 years and subsequently increased
almost 2-fold at 10-year intervals; it was 16.9% in the those
agedZ50 years. The results are consistent with observations
during a quiescent period of 10 to 15 years after corrective
surgery in TOF patients, followed by a steady increase of the
event rates of atrial and ventricular arrhythmias.8–11,17–19

Although NHI started to reimburse ICD treatment as
secondary prevention for sudden death in 2003, fewer than
half of the survivors of VT/VF patients received ICD
therapy. This rate is similar to the rate reported by the
Alliance for Adult Research in Congenital Cardiology, in
which one-third of the patients with VT and VF received an
ICD as secondary prevention.11 In that cohort, a similar
percentage of patients received an ICD as primary prevention
after risk stratification, and approximately half of the patients
experienced shocks for VT or VF.11 Nevertheless, the
number of our patients who received an ICD was relatively
few. The reasons may include (1) conservativeness in
choosing ICD therapy because of concern about inappro-
priate shocks in patients with repaired congenital heart
disease, or invasiveness of the procedure20,21; and (2) late
NHI reimbursement policy for secondary prevention only.
An initiative for sudden cardiac death prevention by ICD in
selected patients is advocated.
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Figure 2 Distributions of age at transcatheter or surgical intervention for tachycardia or bradycardia among patients with tetralogy of Fallot.
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Distributions of age at transcatheter or surgical intervention for 
tachycardia or bradycardia among patients with tetralogy of 
Fallot. 

particularly late-onset nonperioperative tachycardia, remained
a prime concern.

The prevalence rate of TOF based on the national
cohort comprising children (0.63/1000) was close to that
of the Quebec Congenital Heart Disease database from
1983 to 2010 (0.59/1000), but the rate in adults was
considerably lower (0.06/1000 vs 0.23/1000).13 The
causes of this difference remain unclear. Outcomes of
TOF patients have continued to improve over the past
decades such that 495% of TOF children survive repar-
ative surgery.5–7 However, late follow-up revealed hemo-
dynamic disturbances as well as electrophysiologic
disturbances.5,8–11 As shown in this national database
study, of those born between 2000 and 2010 who under-
went complete postnatal follow-up, the 1-, 5-, and 10-year
survival was 0.911, 0.826, and 0.788, respectively. Such
population survival data were close to or even slightly
more favorable than those from the Congenital Malforma-
tions Registry of New York State from 1983 to 2006, in
which the 1-, 5-, and 10-year survival was 0.86, 0.80, and
0.78, respectively.14,15 The incidence of AVB requiring a
permanent pacemaker (0.6%) was lower than that of the
Kids’ Inpatient Databases 2000, 2003, 2006, and 2009
(0.9%).16 The improvement reflects notable medical
advances as well as the effectiveness of the health care
system in Taiwan. The coverage rate of the NHI program is
499%, and copayment is waived for those with congenital
heart diseases.

The burden of arrhythmias in TOF patients varied with
the duration of postoperative follow-up and the type of study
cohort. The lowest incidence was 10% and was reported
from a Japanese multi-institutional study with mean

follow-up of 4 years.8 In a study by Khairy et al,11 based
on an adult multi-institutional cohort (age 36.8 ! 12.0
years), the arrhythmia burden was as high as 43%. The
prevalence of tachycardia was 29.9% and increased with age,
particularly after the age of 45 years for VTs.11 As shown in
the present population study, 4.6% of all TOF patients
required medical care for arrhythmia (8.3% adult, 2.8%
pediatric). For nonperioperative tachycardia, the value was
o2% before the age of 20 years and subsequently increased
almost 2-fold at 10-year intervals; it was 16.9% in the those
agedZ50 years. The results are consistent with observations
during a quiescent period of 10 to 15 years after corrective
surgery in TOF patients, followed by a steady increase of the
event rates of atrial and ventricular arrhythmias.8–11,17–19

Although NHI started to reimburse ICD treatment as
secondary prevention for sudden death in 2003, fewer than
half of the survivors of VT/VF patients received ICD
therapy. This rate is similar to the rate reported by the
Alliance for Adult Research in Congenital Cardiology, in
which one-third of the patients with VT and VF received an
ICD as secondary prevention.11 In that cohort, a similar
percentage of patients received an ICD as primary prevention
after risk stratification, and approximately half of the patients
experienced shocks for VT or VF.11 Nevertheless, the
number of our patients who received an ICD was relatively
few. The reasons may include (1) conservativeness in
choosing ICD therapy because of concern about inappro-
priate shocks in patients with repaired congenital heart
disease, or invasiveness of the procedure20,21; and (2) late
NHI reimbursement policy for secondary prevention only.
An initiative for sudden cardiac death prevention by ICD in
selected patients is advocated.

1 1

3

6

7

2

10

3

1

7

6

2

3 3 3 3 3

0

2

4

6

8

10

12

0 1 2 3 4 5-9 10-14 15-19 20-29 30-39 40-49 50-59 > 60

Tachycardia interven!on Bradycardia interven!on

Figure 2 Distributions of age at transcatheter or surgical intervention for tachycardia or bradycardia among patients with tetralogy of Fallot.

Heart Rhythm, Vol 12, No 3, March 2015608



Atrial Switch ve
Aritmiler



KKH Erişkinlerde Atriyal Fibrilasyon

• KKH ile yaşlanan popülasyonda AF prevalansı hızla artmaktadır
KKH'li erişkinlerde bir sonraki salgın olarak kabul edilen AF, 50 yaş
üstünde aritmi ile başvuruların en önemli nedenidir. 
• Farmakolojik yönetim, orta veya kompleks KKH formları olanlar için

antikoagülasyonu içermelidir. Antiaritmik ilaçların etkinliği ile ilgili
sınırlı veri bulunmaktadır.
• AF ablasyonu ile ilgili artan deneyim tedavideki başarı oranını

artırmıştır. Altta yatan mekanizmaların ve substratların daha fazla
bilinmesi, sonuçların daha da iyileştirilmesine önemli ölçüde katkıda
bulunabilir.



Klinik Aritmi İndeksi
• Klinik aritmi yükü: 

• Yok, 
• Paroksismal
• Sürekli
• Kronik

• Kardiyoversiyon ihtiyacı
• Klinik şiddet: 

• Çarpıntı
• Kalp yetmezliğİ
• Senkop
• Kalp durması veya uygunsuz

ICD şokları (AT bağlı) 
• Antiaritmik ilaç kullanımı.

Catheter Ablation for Atrial Fibrillation in Adult
Congenital Heart Disease: An International
Multicenter Registry Study. Circ EP 2022



IART ve FAT % 71.9%
Anlık başarı oranı %45’den % 93’e artmış

Nüks olmadan 12 aylık oranı % 29.4% den % 66.2’ye artmıştır.

Catheter ablation in adults with CHD: A 15-year perspective from a tertiary centre.  Arch Cardiovasc D.2021



PREVENTION-ACHD: PRospEctiVE study on implaNTable cardioverter-defibrillator
therapy and suddeN cardiac death in Adults with Congenital Heart Disease; 
Rationale and Design. Vehmeijer et al. Net Heart J

1 Koroner arter hastalığı 
2 Kalp yetmezliği belirtileri (NYHA sınıf II/III),
3 Supraventriküler taşikardi,
4    sistemik ventriküler fonksiyon (EF %<40) 
5 subpulmoner ventriküler fonksiyon (%<40) 
6 6 QRS süresi >120ms
7 7 QT dağılımı >70ms



Sonuçlar I

•EDKH’lı erişkinlerde atriyal
aritmiler yaşla artan oranda klinik 
belirti vermektedirler. 
•Aritmi oluşumu klinik sonuçların 
kötüleşmesine neden olabilir. 
•Tekrarlayan taşiaritmiler hassas 
planlı ablasyon gerektirir.



Sonuçlar II

•AF dışı AT’lerin ablasyon başarısı artmıştır. Yine 
bu gurupta rekürrens oranı oldukça azalmıştır.
•Aritmi cerrahisi, tedaviye yanıtsız hastalarda 
denenmelidir
•Ani kardiyak ölümün AT’lerle ilişkisi olabileceği 
akılda tutulmalıdır. 




