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Abstract t 
Objective: : 

Too investigate the obstetric maternal and neonatal outcome of pregnancy in women 

withh Marfan syndrome. 

Studyy design: 

Retrospectivee observational multi-center study based on congenital heart disease 

registry. . 

Results: : 

Sixty-threee of the 122 enrolled women with Marfan syndrome had been pregnant 142 

timess (including 111 pregnancies > 20 weeks, 28 (20%) miscarriages and 3 elective 

abortions).. In 41 % of all completed pregnancies an obstetric and/ or neonatal 

complicationn occurred. The most important complications were an increased 

percentagee of premature deliveries (n=17, 15%) mainly due to preterm premature 

rupturee of membranes and cervical incompetence and a markedly increased combined 

fetall  and neonatal mortality of 7.1%. An obstetric and/ or neonatal complication 

occurredd in a similar proportion of pregnancies in women with a diagnosis of Marfan 

syndromee before pregnancy versus women with a diagnosis of Marfan syndrome after 

pregnancyy (39% vs. 43%, P=.71, respectively). 

Conclusion: : 

Pregnancyy in women with Marfan syndrome is associated with a high rate of 

miscarriages,, premature deliveries, preterm premature rupture of membranes and 

increasedd mortality in the offspring. 

108 8 



ChapterChapter VIII 

Introductio n n 
Marfann syndrome is an autosomal dominant inherited connective tissue disorders, which 

hass an estimated incidence of 1/5000 new born of which 25-30% of cases represent new 

mutationss 13. The Marfan syndrome involves many systems but the most prominent 

manifestationss are of skeletal, ocular  and cardiovascular  origin 3. Aorti c dilation and 

dissectionn are the major  causes of morbidit y and mortalit y 4 5. Pregnancy increases the 

riskrisk  of aortic dissection in women with Marfan syndrome 6" 11. In a previous study we 

prospectivelyy analyzed the cardiovascular  risk of pregnancy in these women 12. Data 

concerningg the obstetric and neonatal complications found in women with Marfan 

syndromee during pregnancy and delivery are limited. Currently , no evidence based 

guideliness are available regarding pregnancy and delivery in women with Marfan 

syndrome,, resulting in a lack of consensus about the optimal management during 

laborr  13. 

Thee present study's primar y objective is to report obstetric and neonatal outcome of 

pregnancyy in a (retrospective) cohort of women with Marfan syndrome. Furthermore, 

wee hypothesize that patients, in whom the diagnosis Marfan syndrome has been 

establishedd prior  to pregnancy, are managed differentl y from patients who learn they 

havee Marfan syndrome after  pregnancy. We wil l compare management strategies and 

complicationn rates between women with a diagnosis of Marfan syndrome before 

pregnancyy versus women with a diagnosis of Marfan syndrome after  pregnancy. 

Materiall  and methods 
Usingg a nation-wide registry of adult patients with congenital heart disease (CONCOR: 

CONgentiall  COR vitia) founded by the Netherlands Heart Foundation and the 

Interuniversit yy Cardiology Institut e the Netherlands 122 women with a definite 

diagnosiss of Marfan syndrome according to the revised Gent criteri a were enrolled in 

thee present study14. The institutional ethics committees at each centre approved the 

protocol. . 

Questionnairess were used to supplement the available data from medical records. 

Baselinee data included: prior  surgical procedures, co morbidit y and medical history 

usingg the European Paediatric Cardiac Coding (EPCC), age at inclusion and at Marfan 

diagnosis,, Marfan family history, reasons for  being childless, fertilit y problems 

(infertility ::  absolute inabilit y to procreate for  more than 2 years), miscarriage 
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(spontaneouss fetal loss before 20 weeks of gestation) and elective abortions. 

Thee following information of each ongoing pregnancy (> 20 weeks of gestation) was 

gathered:: age at index pregnancy, parity, gestational age at delivery and mode of delivery 

(includingg forceps/vacuum/caesarean section). Documented complications were 

groupedd into obstetric interventions and complications and fetal/ neonatal 

complications.. Obstetric interventions and complications: assisted (forceps/vacuum/ 

caesarean)) delivery (not for preventive cardiac indication), preterm premature rupture 

off  membranes (PPROM, before 37 weeks of gestation), preterm delivery (delivery after 

200 weeks and before 37 weeks of gestation), postpartum haemorrhage (vaginal delivery 

>> 500 ml, caesarean section > 1000 ml), placenta previa; pregnancy induced hypertension 

(PIH,, new onset of hypertension after > 20 weeks of gestation, > 140 mm Hg systolic or 

900 mmHg diastolic without proteinuria), preeclampsia (gestational hypertension with 

>> 0.3 gram of proteinuria/24 hour urine sample), eclampsia (preeclampsia with grand 

mall  seizures), Haemolysis Elevated Liver enzymes Low Platelets (HELLP) syndrome, 

thrombo-embolicc complications and gestational diabetes. 

FetalFetal and Neonatal complications: small-for- gestational age (SGA, birth weight <5th 

percentile),, fetal intrauterine death (> 20 weeks of gestation), neonatal death (before 

thee neonate reaches the age of 28 days), congenital defects. 

Alll  patients had a definite diagnosis of Marfan syndrome. We compared obstetrical 

andd neonatal complications in women with a diagnosis of Marfan syndrome before 

pregnancyy to women with a diagnosis of Marfan syndrome after pregnancy, in order 

too evaluate if a preconception or ante partum diagnosis of Marfan syndrome relates to 

aa better pregnancy outcome. 

Statisticall  analysis 
Dataa were analyzed with the SPSS software for windows XP version 12.1 (2004, SPSS, 

Inc.. Chicago). Descriptive statistics of nominal data were expressed in absolute numbers 

andd percentages. Differences between patients subgroups with respect to proportions 

weree tested with the Chi-square test or Fisher's Exact Test. Differences on continuous 

variabless were tested with the (paired) Student's t-test. A two sided level of 0.05 was 

usedd for each statistical test. 
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Results s 
Generall  data 
Characteristicss of the enrolled 122 women wit h definit e Marfa n syndrome are 

presentedd in Table 1. Fifty-nin e of the 122 women were childless for  various reasons 

(Tablee 2). Ten couples were referred to a gynaecologist to assess suspected sub/ 

infertility .. Analysis revealed a diagnosis of male in/subfertilit y in 4 cases and female 

in/subfertilit yy in 4 cases (polycystic ovary syndrome, endometriosis, premature ovarian 

failur ee and tubal pathology). In 2 couples the reason for  their  fertilit y problems 

remainedd unexplained. Five couples remained childless to thi s day. 

Tablee 1. Characteristics of 122 women with Marfan syndrome with and without a previous pregnancy 

Agee at inclusion in study (yrs) 

Agee at diagnosis Marfan syndrome (yrs) 

Familyy history 

mean n 
range e 
mean n 
range e 
Positive e 
Dissection n 
Mutant t 
Unknown n 

Womenn with 
pregnancy y 

n=63 3 

433 1 
22-66 6 

288  13 
1-61 1 

17(27%) ) 
23(36%) ) 
222 05%) 

1(2%) ) 

Womenn without 
pregnancy y 

n=59 9 

344  10* 
19-61 1 

177  12* 
1-48 8 

144 (24%) 
211 (36%) 
222 (37%) 
2(3%) ) 

Entir e e 
group p 
n=122 2 

388 1 
19-66 6 

233  14 
1-61 1 

31(26%) ) 
444 06%) 
44(36%) ) 
3(2%) ) 

valuess are expressed as means  SD or as numbers with frequencies () yrs=years 
**  P < .0001 (Student's t-test) 

Tablee 2, Primary reasons for not becoming pregnant in 59 women 

Voluntaril yy childless (too young, no partner) 
Riskk of transmission of Marian syndrome 
Fearr  for  possible cardiac complications 
Combinationn of above 3 
Negativee advice cardiologist 
Fertilit yy problems 
Otherr  reasons (financial, hemiparese. infertilit y partner) 

22(37%) ) 
4(7%) ) 
1(2%) ) 
7(12%) ) 

177 (28%) 
5(9%) ) 
3(5%) ) 

Valuess are expressed as numbers with frequencies () 

Inn 63 women, 142 pregnancies were documented, and the outcome is summarised in 

Tablee 3. The diagnosis Marfa n syndrome was not established in 37 patients before (or 

during )) 75 completed pregnancies. Elective abortions were performed only in women 

knownn to have Marfa n syndrome at the tim e of pregnancy for  the following reasons: 

unwantedd pregnancy, enlarged aortic root diameter  and use of teratogenic medication. 
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TableTable 3. Outcome of 142 pregnancies in 63 women with Marfan syndrome 

Diagnosiss Marfan syndrome 

Beforee pregnancy After pregnancy 

Pregnanciess no. 
Completedd pregnancies 
Spontaneouss abortion 
Electivee abortion 
Maternall  age at first pregnancy (years) 

44 4 
366 (82%) 
5(11%) ) 
3(7%) ) 

27.00  4.6 

98 8 
75(77%) ) 
233 (23%) 
0(0%)* * 

25.44  3.5 

142 2 
1111 (78%) 
28(20%) ) 
3(2%) ) 

26.00  4.0 

Valuess are expressed as means  SD or as number with frequencies (). There were no patients in 
whomm the diagnosis of Marfan syndrome was established during pregnancy. 
**  P= .03 vs. before pregnancy (Fisher's Exact Test) 

Beta-blockerr therapy -to prevent aortic dilatation- was initiated prior to conception and 

continuedd throughout pregnancy in 15 pregnancies. Beta-blocker therapy was initiated 

duringg the third trimester in 3 pregnancies. 

Twoo women had undergone a previous Bentall operation (aortic root replacement with 

artificiall  aortic valve) prior to 3 pregnancies. One woman was on (unfractionated) 

heparinn during her entire pregnancy. The other woman was on (unfractionated) heparin 

duringg her first 16 weeks of pregnancy, then til l 36 weeks she used oral anticoagulants 

(warfarin)) and after 36 weeks she used (unfractionated) heparin again. During her 

secondd pregnancy she was on low-molecular-weight heparin during the entire 

pregnancy.. This woman (with a previous Bentall operation for type A dissection) 

developedd a type B aortic dissection at 27 weeks gestation during her second pregnancy. 

Shee was initially treated conservatively and at 34 weeks gestation a healthy infant was 

bornn by caesarean section. Repair of the thoracoabdominal aorta was accomplished 10 

dayss after delivery. The present study is retrospective and performed in a survival 

cohort;; therefore this study has not the appropriate design to draw any conclusions 

fromm the incidence of fatal major maternal cardiac complications. In a previous 

prospectivee study, we have analyzed the influence of pregnancy on aortic root growth 

andd on aortic complications in women with Marfan syndrome 12. 

Inn the following section we wil l focus more on the course and outcome of the 111 

ongoingg (> 20 weeks of gestation) pregnancies (Table 4). In the following subheadings 

resultss wil l be discussed in detail and differences between obstetrical/neonatal 

complicationss in women with a diagnosis of Marfan syndrome before pregnancy and 

womenn with a diagnosis of Marfan syndrome after pregnancy wil l be compared. 
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TableTable 4: Obstetric complications in 111 completed pregnancies 

Diagnosiss Marfan syndrome 

Beforee pregnancy After pregnancy 

Pregnanciess no. 
Pregnancyy duration (weeks) mean 

range e 
Spontaneouss vaginal delivery 

ObstetricObstetric Complications 
Pretermm delivery 
Forceps/vacuum m 

cardiacc reason 
Primar yy Caesarian section 

cardiacc reason 
Secondaryy caesarian section 
PPROM M 
Postt  partum hemorrhage 
Placentaa previa 
Gestationall  hypertension 
Preeclampsia a 
Gestationall  diabetes 

36 6 
4 4 

23-42 2 
188 (50%) 

77 (19%) 
77 (19%) 
44 (11%) 

111 01%) 
88 (22%) 
00 (0%) 
22 (6%) 
44 (11%) 
00 (0%) 
11 0%) 
00 (0%) 
11 0%) 

75 5 
4 4 

2fM3 3 
666 (88%)a 

100 (13%) 
33 (4%)b 

00 (0%)c 

44 (5%)d 

00 (0%)e 

22 0%) 
44 (5%) 
55 (7%) 
11 (1%) 
88 (11%) 
33 (4%) 
22 (3%) 

111 1 
4 4 

20-43 3 
744 (67%) 

177 (15%) 
100 (9%) 
44 (4%) 

155 (14%) 
88 (7%) 
22 (2%) 
66 (5%) 
99 (8%) 
11 (1%) 
99 (8%) 
33 (3%) 
33 (3%) 

Wluess are expressed as means  SD or as numbers with frequencies (). PPROM = Preterm premature 
rupturee of membranes a) P< ,001(Chi-square test), b) P= .013 (Fisher exact test), c) P= .01 (Fisher 
exactt test), d) P= .001(Fisher exact test), e) P< .001 (Fisher exact test) 

Obstetricc outcome and complications 
Inn the entire group there were 17 (15%) preterm deliveries after  a mean gestational 

agee of 32 weeks (range 20-36 weeks). In women with a diagnosis before pregnancy 

(n=36)) reasons for  the 7 preterm (19%) deliveries were: PPROM (n=2), cervical 

incompetencee (n=2) and primar y caesarean sections for  maternal cardiac reason (n=3, 

inn 2 patients). In women with a diagnosis after  pregnancy (n=75) there were 10 (13%) 

pretermm deliveries reported due to: PPROM (n=3). cervical incompetence and PPROM 

(n=l) ,, induction for  intrauterin e foetal death (n=2), trauma (n=l), twin pregnancy 

(n=l) ,, placenta praevia (n=l) and unknown (n=l). 

Onlyy in women with a diagnosis before pregnancy primar y caesarean sections (n=8) 

weree performed for  maternal cardiac reasons e.g. aortic root diameter  enlargement 

(n=5)) and a history of aortic root replacement (n=3.1 combined with "de novo"  type 

BB dissection). Foetal distress was the reason for  2 secondary caesarean sections in one 

womann unknown with Marfan syndrome at the time of pregnancy. 

Gestationall  hypertension was more frequently seen in women with a diagnosis after 

pregnancyy compared to women with a diagnosis before pregnancy (Table 4). Eclampsia, 

113 3 



ObstetricObstetric complications in the Marfan Syndrome 

HELLPP syndrome and thrombo-embolic complications were not reported during 111 

completedd pregnancies. 

Fetal/Neonatall  outcome and complications 
Baselinee characteristics of 113 children are summarised in table 5. In women with a 

diagnosiss of Marfan syndrome after pregnancy 2 intrauterine deaths were documented; 

onee foetus died at 20 weeks of gestation due to Potter syndrome (renal agenesis). The 

causee of death of the other foetus at 37 weeks of gestation remained unexplained, no 

autopsyy was performed. 

Inn the entire group there were 6 neonatal deaths, 1 child of a woman with a diagnosis 

beforee pregnancy died due to prematurity. The remaining 5 children were of women 

withh a diagnosis of Marfan syndrome after pregnancy and died within 28 days after 

birthh due to: prematurity (n=3) and hydrops foetalis of unknown cause (n=2, same 

mother).. In the entire group fifty-three children (mean age 19  11 years at the time 

off  study) were diagnosed with Marfan syndrome. Three of these children with Marfan 

syndromee have already died: one due to neonatal Marfan syndrome at the age of 11 

monthss and 2 children due to acute type A dissection at age 13 and 29. Two other children 

havee already undergone an aortic root replacement at the age of 9 and 21 years. 

Inn the entire group 7 children of 7 different mothers were small for gestational age 

Tablee 5. Fetal/ Neonatal outcome and complications. 
Diagnosiss Marfan syndrome 

Births s 
Livee births 
%male e 
Birthh weight (gm) mean 

range e 
Fetal/NeonatalFetal/Neonatal complication 

Intrauterinee fetal death 
Neonatall  death 
Smalll  for gestational age (<P 5) 
Diaphragmaticc hernia 

Beforee pregnancy 
(n=36) ) 

37 7 
37 7 

133 (35%) 
30666  762 
1350-4500 0 

00 (0%) 
11 (1%) 
55 (14%) 
00 (0%) 

Congenitall  hip dysplasia and strabismus 0 (0%) 
Pyloruss stenosis 
Esophaguss atresia 
Liddlee syndrome 

00 (0%) 
00 (0%) 
00 (0%) 

Afterr pregnancy 
(n=75) ) 

76 6 
74 4 

411 (54%) 
33099  543 
2010-4330 0 

22 (3%) 
55 (7%) 
22 {3%)a 

11 (1%) 
11 (1%) 
11 (1%) 
11 (1%) 
22 (2%) 

Total l 
(n= l l l ) ) 

113 3 
111 1 

544 (48%) 
32200  659 
1350-4500 0 

22 (2%) 
66 (5%) 
77 (6%) 
11 (1%) 
11 (1%) 
11 (1%) 
11 (1%) 
22 (2%) 

Valuess are expressed as means  SD or as number with frequencies (). a) P= .04 (Fisher exact test) 
Liddle'ss syndrome = a rare hereditary renal disorder. 
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possiblyy due to: smoking during pregnancy (n=l), beta-blocking medication during 

pregnancyy combined with smoking {n=1), beta-blocking medication during pregnancy 

combinedd with twin pregnancy (n=l), beta-blocking medication during pregnancy 

(n=l)) and unknown (n=3). 

Ann assisted delivery (vacuum, forceps or caesarean section) for a preventive cardiac 

reasonn only was not counted as an obstetric complication in the following analysis. 

Overall,, an obstetric and/ or neonatal complication occurred in 41% of all pregnancies. 

Ann obstetric and/ or neonatal complication occurred in 39 % of pregnancies in women 

withh a diagnosis of Marfan syndrome before pregnancy compared to 43 % of pregnancies 

inn women with a diagnosis of Marfan syndrome after pregnancy (P= .71). 

Discussion n 
Thee present study reports on 142 pregnancies (111 > 20 weeks gestation) in 63 women 

withh definite diagnosis of Marfan syndrome. In 41 % % of all completed pregnancies an 

obstetricc and/ or neonatal complication occurred. Pregnancy in women with Marfan 

syndromee seems to be associated with a high rate of miscarriages, premature deliveries, 

PPROM,, and increased mortality in the offspring. An obstetric and/or neonatal 

complicationn occurred in a similar proportion of pregnancies in women with, versus 

womenn without, a diagnosis of Marfan syndrome before pregnancy (39% vs. 43%, P=.71, 

respectively). . 

Inn our study the observed rate of miscarriages was 20% (28/142), which is higher than 

thee expected rate of 13% 1516. However, there were 3 women who together accounted 

forr 10 miscarriages, nothing in the family history or physical characteristics of these 

womenn distinguished them from the other women. Pyeritz et al also observed a small 

groupp of women with Marfan syndrome and habitual abortions 8. The authors 

hypothesizedd that, as a result of genetic heterogeneity, certain patients may have a 

particularr connective tissue abnormality associated with an increased risk of 

miscarriage.. Without the women with habitual abortion the rate was 12.7 %, which 

seemss not different from the expected rate. 

Prematuree delivery occurred in 2 women who had cervical incompetence during 3 

pregnanciess in our study, one of these children died due to the complications of 

prematurity. . 
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PPROMM occurs in a normal population in approximately 1 percent of all pregnancies 7, in 

ourr study PPROM complicated 6 (5%) pregnancies. In 3 other small Marfan studies the 

prevalencee of PPROM varied between 0-2.5 %. however fewer pregnancies were analysed 

inn these studies 7'818. The majority of women who have pregnancies complicated by 

PPROMM also deliver preterm, in most cases within one week of membrane rupture. 

PPROMM and subsequent premature birth are both leading causes of fetal/neonatal 

morbidityy and mortality. In our study, 2 children died in the PPROM group due to 

hydropss foetalis and prematurity. 

AA relation between PPROM and connective tissue disease in the neonate has been 

suggestedd 17. In our study in 3 out of 6 children born after PPROM the diagnosis of 

Marfann syndrome has been established, which is in fact the expected rate (50%) for 

Marfann syndrome in the offspring. In the other 3 children born after PPROM, 1 child is 

stilll  suspected for Marfan syndrome and the 2 other children the diagnosis of Marfan 

syndromee is unknown because both died shortly after birth, (see above) No relation 

betweenn Marfan syndrome and hydrops foetalis has been described. Therefore we cannot 

excludee that a relation is present, between PPROM and Marfan syndrome in the neonate. 

Diagnosiss of Marfan syndrome 
Duringg 75 completed pregnancies the patient was not yet known with Marfan 

syndrome.. This number indicates that it is still difficult for physicians to recognize 

patientss with Marfan syndrome. It seems that patients with a cardiovascular severe 

formm of Marfan syndrome were equally distributed between women with a diagnosis 

off  Marfan syndrome before pregnancy versus women with a diagnosis of Marfan 

syndromee after pregnancy; the rate of aortic root replacement (24%) after pregnancy 

andd family history of dissection (28%) was similar in these 2 subgroups. More 

spontaneouss mutations were observed in women with a diagnosis after pregnancy, which 

iss to be expected since it is more obvious to suspect the diagnosis of Marfan syndrome 

withh a family history. 

AA complication occurred in 39% of pregnancies in women with a diagnosis of Marfan 

syndromee before pregnancy compared to 43% of pregnancies in women with a diagnosis 

off  Marfan syndrome after pregnancy, which is not significantly different. We observed 

thatt women known with Marfan syndrome before pregnancy had less gestational 

hypertensionn and preeclampsia, possibly due to the use of beta blocking therapy during 

188 pregnancies 19. The standard therapy in patients with Marfan syndrome is beta-

blockers,, because it slows down the rate of aortic dilatation and the occurrence of 
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aorticc complications in these patients 20. On the other  hand, beta-blocking therapy is 

associatedd with low birt h weight, which was more frequently observed in women 

knownn with Marfan syndrome before pregnancy. 

Presently,, there is no consensus about the safest and most optimal mode of delivery 

inn women with Marfan syndrome. We observed in our  study that in women with a 

diagnosiss of Marfan syndrome before pregnancy more primar y caesarean sections 

(n== 11,31%) were performed, especially for  cardiac reasons, compared to women with 

aa diagnosis of Marfan syndrome after  pregnancy (5%) and compared to the Dutch general 

populationn (11%) 21. The high rate of caesarean section reflects caution or  fear  of 

obstetricianss and cardiologists for  cardiac complications. However, in accordance with 

Dee Bie et al. maternal cardiovascular  complication rate was around 1 % 22. In our  group a 

nonn fatal type B dissection in one woman - with a previous type A dissection prior  to 

pregnancyy - occurred during pregnancy. The concerns of vaginal delivery are the increase 

off  systolic and diastolic blood pressure during each uterine contraction. The rise in 

systemicc blood pressure is dependent upon the magnitude and intensity of uterine 

contractions,, position of the parturient , and the amount of pain and anxiety she is feeling. 

Itt  is unknown if a cesarean section is trul y safer  in women with an enlarged aortic 

diameter.. The concerns about cesarean delivery include: 1) general anesthesia, if 

required,, incurs blood pressure fluctuations associated with intubation and the 

anestheticc agent, 2) increased blood loss, twice as great as with vaginal delivery 3) 

increasedd risk of wound and uterine infection 4) increased risk of thrombo-embolic 

complications.. Therefore, in every individual woman, especially in women with 

enlargedd aortic diameters, the pros and cons of vaginal delivery and cesarean section 

shouldd be given full consideration. We recommend a vaginal delivery, also for  patients 

withh an enlarged aortic root diameter  or  previous elective Bentall operation, with a 

shortt  second stage of labor  and a low threshold for  assisted delivery (vacuum or  forceps). 

Indeed,, the number  of assisted vaginal deliveries was higher  in the women with an 

alreadyy established diagnosis of Marfan syndrome compared to women with a diagnosis 

afterr  pregnancy. Furthermore, it is known that women placed in a left lateral recumbent 

positionn during labor  experience reduced volume shifts. Epidural anesthesia has been 

recommendedd for  pain relief and thereby reduction of blood pressure and heart 

frequency.. However, it should be considered that in 95% of Marfan patients dural 

ectasiaa -one of the major  criteri a for  Marfan syndrome- are present, which might result 

inn considerable dilutio n of anesthetic medication 23. 
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Limitation ss of the study 
Severall  limitations must be noted. The retrospective design necessitated a review of 

patient'ss medical records and consequently missing values are inevitable. Furthermore, , 

selectionn bias may have occurred and influenced our results because the outcome of 

pregnancyy was investigated in a "survival cohort". Contemporaneous applicability may 

influencee the complication rate found in this study. 

Conclusion n 
Pregnancyy in women with Marfan syndrome is associated with a high rate of 

miscarriagess maybe due to habitual abortions, premature deliveries, PPROM, and 

increasedd mortality in the offspring. 
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