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Background 

! !Transposition of the Great Arteries is a 
congenital heart defect: 
o!Incidence = 0.22/1000 live births  
o!5 Ð 7% cardiac congenital malformations 
o!Current repair: Arterial Switch operation 

o!However our congenital service (and others around 
the world) have a large number of patients with the 
older atrial  switch operations (Senning  1958, Mustard 
1963 ) 

o!This fixes the path of blood flow BUT retains the 
right ventricle as the systemic ventricle 



Defect and operative diagrams 

     
Mustard Senning  

(Warnes , Circ 2006) (Konstantinov , Ann Thor Surg , 04) 

(www.mayoclinic.com ) 



Atrial  switch: longterm ? 

! !!Longterm , the most significant issue is failure 
of the (systemic) right ventricle  
(ACC/AHA Guidelines, Circ 2008) 

(ESC TaskForce , EHJ 2003) 



Can a systemic RV survive 
pregnancy? 

! !We know that these women are at 
increased risk during pregnancy 
o!Arrhythmias 
o!Heart failure  

(Gueddes , JACC 2004; Drenthen , Eur  H J 2005; Canobbio , Am J Cardiol  2006; 
Drenthen , JACC 2007)  



And beyond pregnancyÉÉ..? 

! !What (if any) effect is seen on the RV 
AFTER pregnancy? 
o!NYHA class deterioration in 4 women on average > 

1 year post partum  (Drenthen , Eur  H J 2005) 

! !Will this affect long(er ) term 
outcomes in these women? 



Aim and Methods 

! ! Question: Does pregnancy contribute to 
inexorable systemic ventricular dysfunction in these 
women? 

! ! Method: 
o!Retrospective cohort study 
o!Database and history review (2007, updated 2010) 

o!Identification of CASES : 
o!dTGA and Atrial  switch and  

o!!  1 pregnancy (n = 19) 

o!Identification of CONTROLS : 
o!dTGA and Atrial  switch and  
o!Same birth years range and 

o!No pregnancies > 20 weeks (n= 21) 



Survival 

! ! 417 pts 
! ! Survivors hosp discharge 
post op; mean f/up: 19.1 ± 
6.5 
! ! Max 30 y 
(Lange, Circ 2006) 

! ! 534 pts 
! ! Median f/up: 11.5 y 
! ! Max 31 y 
(Gelatt , JACC 1997) 

MEDIAN MATERNAL 
AGE OF FIRST TIME 
MOTHERS IN 
AUSTRALIA IS NOW 
29 YEARS (Aust  Bureau 
Statistics, 2006 census data) 

Our TGA 
women: median 
28 (22 Ð 31) 



Exclusions 

! ! Excluded: 
o! EisenmengerÕs syndrome  
o! Lost to follow up 

" !Defined as: 
! ! Not seen at our service > 2 years 
! ! (Most seen yearly) 

Group Pregnant group  
n  = 19 

No pregnancies 
group  
n  = 21 

Excluded 
Lost to follow up 

TOTAL INCLUDED IN 
STUDY 

Nil 
Nil 

19  

2 ( EisenmengerÕs) 
4 

15 

Median 10  
(6 Ð 18) years 
post first and 
6 (2 Ð 14) years 

post last 
pregnancy 



Characteristics of women included 
in study 

! ! More women in the Ôno pregnancyÕ group had a VSD   
! ! Median ( interquartile  range); 2p = non parametric statistical comparison; * p = 

Chi square statistic 

Group Pregnant group  
n  = 19 

No pregnancies 
group  
 n  = 15 

2p 

Age at operation (months) 21  
(12 Ð 52) 

17 
(10 Ð 33) 

ns 

Age at last clinical review 
(years) 

36  
(32 Ð 41) 

34.5 
(29.8 Ð 36.3) 

ns 

Post operative follow up (years)  
(time between op and last review) 

35 
(30.8 Ð 38) 

32 
(29 Ð 34) 

ns 

Defect 
¥!TGA 
¥!TGA and VSD 

18 
1 

9 
6 

* p< 0.02 

Operation 
¥! Mustard 
¥! Senning  
¥! Senning  conversion (second op) 

18 
1 
2 

12 
3 

* p = ns 



Pregnancy outcomes 

Variable Pregnancy group ( n  = 19) 

Number of pregnancies (> 20 w 
gestation) 
¥! Singleton 
¥! Twin 

42 (range: 1 Ð 5 per woman) 

41 
1 

Number of live born babies 41 

Maternal cardiac complications (n) 

¥! Arrhythmias requiring admission 
¥! Heart failure requiring admission 
¥! Maternal death 

¥! during pregnancy 
¥! post partum 

6   

2 
3 
2 
1 (27/40 gestation) 
1 (6/12) 

Fetal complications 

¥! Prematurity (< 37 w) 
¥! Fetal death 
¥! Fetal congenital heart disease 

6 

4 
2 (1 FDIU 25/40; 1 with maternal death at 27/40) 
0 

! ! FDIU = fetal death in utero  



Clinical outcomes Ð to date 
"!

¥! *= same 2 women         ACEI = ACE inhibitor; BBL = beta blocker 
¥! ^ = same woman  
¥! # = had reported palpitations and 1 episode of LOC at review 3 weeks earlier 

Variable  Pregnancy ( n  = 19) No pregnancy ( n  = 15) 

Heart failure 
admissions (n of women) 

¥! pre pregnancy 
¥! during pregnancy 
¥! puerperal period 
¥! distant to pregnancy 

6 

1 
2 (1 died 6/12 post partum^) 
1 (3/7 post uncomplicated delivery) 
2* 

0 

Implantable cardiac 
defibrillators  
(1¡ prevention) 

2* 0 

Medications 5 = ACEI alone 
4 = ACEI, BBL, spironolactone  
and diuretic 

2 = ACEI alone 
1 = ACEI, spironolactone  
and diuretic (BBL 
intolerant) 

Deaths  (n, cause) 2, SCD 
(1 died during pregnancy#;  
1 died 6/12 pp^) 

1, Community acquired 
pneumonia 



Echocardiography results 
Variable Pregnant group  

n  = 19 
No 
pregnancies 
group  n  = 15 

ECHOCARDIOGRAPHY 1 

¥! RV size 
¥! !  moderate RV dysfunction  
¥! !  moderate TR   
¥! RVSa (cm/ s) 

(n = 11) 

4.9 (4.5 Ð 5.6) 
0 
4 
- 

(n = 15) 

4.8 (4.4 Ð 5.5) 
2 
4 
- 

Echo follow up time (years) 
(defined as time between the first (pre 
pregnancy) and last study) 
Post op echo follow up time (years)  
(defined as time between operation and last 
echo) 

12.5 (9.5 -14.8) 

36 (31 Ð 38) 

7.5 (3.5 Ð 14)  

32 (29 Ð 33.3) # 

ECHOCARDIOGRAPHY 2 

¥! RV size 
¥! !  moderate RV dysfunction  
¥! !  moderate TR   
¥! RVSa (cm/ s) 

(n = 15)* 

4.9 (4.8 Ð 5.3) 
7 
5 
7 (4 Ð 9) 

(n = 13) 

4.7 (4.6 Ð 5.2) 
6 
4 
9 (7 Ð 10) 

¥! * n = 15 because: 2 deaths; 1 awaiting post delivery review; 1 conceived again prior to post partum  review 
¥! # 2p = 0.04 



Objective functional data Ð last 
available 

Variable Pregnant group  
n  = 19 

No pregnancies group   
n  = 15 

EST 

¥! Time post op (years) 

¥! Time exercise (minutes) 

n = 8 

24.5 (20.5 Ð 29.8) 
8 ( 6.3 Ð 9.0) 

n = 9 

29 (26.5 Ð 31.5) 
10 ( 7.5 Ð 10) 

GPBS 

¥! Time post op (years) 

¥! Time exercised (minutes) 

¥! RVEF pre exercise (%) 

¥! RVEF post exercise (%) 

n =10 

30 (27.8 Ð 34.8) 

9 (5.3 Ð 9.8) 

42.5  (33.8 Ð 48.8) 

47.5  (34.8 Ð 54.3) 

n = 10 

25  (24 Ð 29.5) 

10  (9 Ð 12) 

48  (43.8 Ð 54.8) 

53  (46 Ð 56.5) 

! ! Time post op: not statistically different 

! ! Lower exercise time and lower EF in the group who have had 
pregnancies (not statistically different) 



Results 

! ! In this retrospective cohort study, women 
with systemic RVÕs post atrial  switch for TGA 
who have had pregnancies have more: 
o! Heart failure admissions 
o! Heart failure medication prescriptions 
o! Sudden cardiac death 
o! Lower exercise capacity and RVEF (not stat sig) 

! ! Limited by being a small and retrospective review 
of medical histories 

! ! However we would have expected BETTER 
outcomes in the pregnancy cohort who had 
significantly fewer VSDÕs 

! ! Potential bias with the cases lost to followup  



Discussion 

! ! In women with TGA and a systemic RV, 
pregnancy: 
o! Is known to be a time of increased risk and 
o! May also contribute to  

o!progression of systemic RV dysfunction 
o!increased occurrence of clinically significant events (heart 

failure admissions and SCD)    

! ! This information: 
o! Should be discussed with patients wishing to become 

pregnant 
o! Highlights the need to continue to be vigilant in this 

population post partum (with consideration of prompt 
medical treatment for any deterioration seen) 



Conclusion 

! ! Long term outcomes appear to be worse 
in women who have undergone pregnancy 

! ! Highlights the role for a prospective 
database of pregnancy within (and 
between) centres  of care for adults with 
congenital heart disease 

#$%&!'()*+,-./ 0!$12!34456!



Thank you Gracias 



Summary of literature 

! ! ^ comparison made with women without pregnancy ( n = 8)     
! ! *= completed pregnancies (excludes terminations and miscarriages) 
! ! Complications in total pregnancies (not number of women) 

Variable Guedes  
2004 ^ 

Drenthen  
2005 

Canobbio  
2006 

Drenthen  
2007  
(meta analyses: 
1985 Ð 2006) 

Women 16 28 40 2491 pregnancies in 
women with congenital 
heart disease 

Pregnancies* 28 49 54 173 Ð 178 (TGA) 

Arrhythmias 2  (7%) 11 (22%) 5 (9%) 15.6% 

HF 2  (7%) 2 (4%) 6 (11%) 10.8% 

Deaths 0 0 1 (> 1/12) 
1 ( 4 y pp) 
(1 heart transplant) 

Not reported   

! ! HF = Heart failure 
! ! y = years 
! ! pp = post partum 



VSD or no VSD Ð does it matter? 

(Lange, Circ 2006) 



Pregnancy ÔriskÕ 

! ! ÔRisk calculatorÕ Ð (Siu , Circ 2001) 

o!Derived prospectively, n = 562 women (599 completed 
pregnancies) with heart disease (74% congenital, 22% acquired, 
4% arrhythmic) 

o!Multivariate analysis: 
o!Risk of    event: 

o! 0 points = 5% 
o! 1 point = 27% 
o! !  1 point = 75% 

! ! Risk category Ð (Thorne, Heart 2006) 



ÔLost to followup Õ 

¥! 1 Ð Last seen by us 2001, tracked to a 
cardiologist with last review 2007 (well, no meds) 

¥! 2 Ð Transferred to another hospital (very little 
information in our system; some shortness of 
breath, on medications) 

¥! 3 Ð Last seen 1999 
¥! 4 Ð Last seen 1999 



Baseline data Ð ALL women 

Variable Pregnancy group  
n  = 19 

No pregnancy 
group  
n  = 21 

Defect 
- ! dTGA 
- ! dTGA + VSD 

18 
1 

14 
7 

Age at first operation 
(months) 

21 
(12 Ð 52) 

17.0 
(8.0 Ð 24.0) 

Operation details 
- ! Mustard 
- ! Senning  
- ! Unknown 

- ! Senning  conversion 

18 
1 
0 

2 

14 
5 
2 

1 

Age at first pregnancy 
(years) 

28   
(22 - 31) 

NA 


