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Height (cm}f
gt
Nulli/Multiparous*

Birth weight (g)t

Hypertension?t

Group D (n=11)

167.3+4.5

24.2+1.5

Group ND (n=17) P value

165.3+4.2 NS

24.1+1.8

Data given as n or mean +SD. tStudent's t-test; *chi-square test and Fisher's exact test. P<0.05, significant difference.

D, aortic dilatation or dissection; ND, no aortic dilatation nor dissection; BMI, body mass index; DM, diabetes mellitus.

Group D (n=10) Group ND (n=12)
Major Minor Major Minor

Category

Dura 2 - 5 -

Data were analyzed using chi-square test and Fisher's exact test.
“P<0.05.
Abbreviations see in Table 1.

eter 24.0cm’™*%4213 and a steady increase in the aortic root
dimension during pregnancy.**!* Meijboom et al reported that
pregnancy in women with Marfan syndrome seems to be rela-
tively safe up to an aortic root diameter of 45 mm.¥ Most
previous reports on Marfan syndrome in pregnancy, however,
have been from North America or Europe, and people in these
areas have relatively large physiques, and patient physique was
not standardized. Because normal aortic dimensions vary with
age and body size,*® the same aortic dimension represents a
proportionally greater diameter in smaller individuals, and
proper interpretation of the aortic dimension requires that age
and body size are accounted for. Therefore the absolute aortic
size cannot be directly used to evaluate risk in patients with a
small physique,!” such as Japanese women.

The risk factors for aortic complications in pregnant patients
affected with Marfan syndrome have not been examined rela-
tive to body surface area. Therefore, to improve patient man-
agement, we studied 28 consecutive pregnant patients with
Marfan syndrome in 1 institution to determine the factors that
influence maternal aortic complications.

Methods

Patients

We retrospectively analyzed 28 consecutive pregnant patients
with Marfan syndrome who were managed at the National
Cerebral and Cardiovascular Center from 1991 to 2007. Diag-
nosis of Marfan syndrome was made based on the original

Chidation sourns!

Ghent criteria (1996).1# Cases before 1996 were confirmed to
fulfill these criteria. The initial assessment included an evalu-
ation of personal history and detailed family history, and a
clinical examination including ophthalmological tests and a
transthoracic echocardiogram.® X-ray was used to detect pro-
trusion acetabulae, and lumbar magnetic resonance imaging
(MRI) was performed to detect dural ectasia.

We divided the patients into 2 groups: those with aortic
dilatation or dissection (group D, n=11) during pregnancy or
within 1 year after delivery and those without aortic dilatation
or dissection (group ND, n=17). Aortic dilatation was defined
as a diameter >60 mm at any part of the aorta.

Measurement of Aortic Diameter and Indication for Surgery
Measurement of the sinus of Valsalva was made on echocar-
diography in 2-D parasternal long-axis views at end-diastole
using the leading edge to leading edge method.** MRI and
computed tomography were not routinely used. The Japanese
Circulation Society recommends an operation for patients with
a sinus of Valsalva >5cm (class Ila, level C) in all cases of
Marfan syndrome.?® Some surgeons also recommend an oper-
ation for patients with a sinus of Valsalva >4.5cm.* At the
National Cerebral and Cardiovascular Center, surgical inter-
vention is indicated according to the aforementioned criteria
and for patients with a family history of dissection or sudden
death. In general, surgical intervention is indicated for a sinus
of Valsalva >4.0cm or in a case of steady aortic growth. 233
During pregnancy, surgical intervention is indicated if there is
steady aortic growth or massive dissection. To standardize the
measurement based on body size, we expressed the size of the
sinus of Valsalva using the aortic size index (ASI), which is
calculated as: ASI=aortic diameter (mm)/body surface area
(m?).47

Management During Pregnancy

Echocardiographic follow-up including aortic diameter mea-
surement and Holter electrocardiogram was performed at least
once in each trimester during pregnancy and within 4 weeks
after delivery. When surgical intervention was indicated, the
operation was performed after cesarean section in the case of
a mature fetus. When the fetus was too immature to live inde-
pendently, the operation was performed with the fetus in the
uterus.
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Figure 1. Diameters of the sinus of

Valsalva. D/D, aortic dilatation or dis-

section. Red, presence of aortic dila-

tation or dissection; blue, absence of
aortic dilatation or dissection (group
D and group ND, respectively). Pink,
cardiac event. In the 1%t trimester a

larger sinus of Valsalva was found

in group D compared to group ND
(41.5£2.4mm vs. 34.8+1.3mm P<0.05;
Student’s t-test). The sinus of Valsalva

65 # Group D [D/D (+)]
P— D /D onset
60 1 ® Group ND[D/D (-)]
55 4
50 -
mm 45 -
40 -
35 4
30 -
25
1st 2nd 3rd
trimester trimester trimester

was 240mm in 6/7 patients in group D
and 3/14 in group ND (P<0.05; chi-
square test and Fisher's exact test).

Postpartum

Growth of aorta (mm/month)*

Mitral valve prolapse$

LVDst

PA dilatation (220 mm)8

0.41 (0.23-0.66)

0.05 (~0.13 to 0.22) <0.005

3 <0.05

NS

Data given as mean+SD, n, or median (interquartile range).

tStudent’s t-test; *Wilcoxon test; Schi-square test and Fisher's exact test. P<0.05, significant difference.
LVDd, left ventricle end-diastolic dimension; LVDs, left ventricle end-systolic dimension; FS, fractional shortening; RA,
right atrium; RV, right ventricle; PA, pulmonary artery. Other abbreviations see in Table 1.

Data Collection

Data were collected on family history (sudden death, aortic
dilatation or dissection), maternal age, body height, body
weight, parity, presence or absence of hypertension, diabetes
mellitus, change in the diameter of the sinus of Valsalva dur-
ing and after pregnancy, right and left ventricular function,
aortic valve regurgitation, mitral valve prolapse, delivery
mode (Cesarean section or vaginal delivery), time of delivery
(gestational weeks), and birth weight.

Statistical Analysis

For continuous variables, Student’s t-test was used for analysis
of normally distributed data and the Wilcoxon test was used
for data that were not normally distributed. A chi-squared test

Chrsilation Sotrnal

and a Fisher’s exact test were used for comparing categorical
variables between the 2 groups. All statistical analyses were
performed using JMP 7 (SAS Institute, Cary, NC, USA).
P<0.05 was considered statistically significant.

Besulis

Aortic Dilatation or Dissection Group

Eleven patients had aortic dilatation or dissection associated
with pregnancy (in 7 this occurred during pregnancy and in 4
it occurred within 1 year after pregnancy). Two of the 7 ante-
partum cases involved aortic dilatation >60mm (maximum
diameter of the aorta) in the 2° trimester at 16 and 19 weeks
of gestation, respectively. One patient underwent hemiarch
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Figure 2, Receiver operating char-
acteristic curve for the risk of dilata-
tion or dissection based on the size of
the sinus of Valsalva.

0.80 1.00

Figure 3. Sinus of Valsalva relative to
body surface area (size of the sinus of
Valsalva/body surface area: mm/m?).
D/D, aortic dilatation or dissection.

Red, presence of aortic dilatation or

dissection; blue, absence of aortic
dilatation or dissection (group D and
group ND, respectively). In the 1t tri-
mester the normalized size of the
sinus of Valsalva was >25mm/m? in

45 - & Group D [D/D (+)]

# D /D onset /555?-
40 & Group ND[D/D ()] /s
35 -

mm/m2 30 -

25 1 M
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15
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7{7 patients in group D and 0/14 in
group ND (P<0.0001; chi-square test
and Fisher's exact test).

Postpartum

replacement and the other underwent a David operation under
cardiopulmonary bypass with the fetus in the uterus. The other
5 dissections during pregnancy occurred at 29, 33, 34, 35 and
39 weeks of gestation. Of these 5 patients, 3 underwent Ben-
tall operations following cesarean section and 2 received con-
servative therapy after cesarean section. Dissection in the 4
postpartum cases occurred at 4 days, 8 months, 18 months,
and 11 months after delivery, respectively. Of the 11 dilatation
or dissection cases, 8 occurred in the ascending aorta, 1 in the
descending aorta, and 2 in both locations.

Chrsilaiton sousnal

Demographic Patient Data

The maternal age, week of delivery, and birth weight did not
differ between the D and ND groups (Table 1). The incidence
of cesarean section was higher in group D than in group ND
(7/11, 63.6% vs. 3/17, 17.6%, P<0.05). This was attributed to
performance of cesarean section due to occurrence of dilata-
tion or dissection of the aorta during pregnancy. The number
of patients meeting each diagnostic category for Marfan syn-
drome (Ghent criteria, 1996)** is given in Fakde 2. In group
D, fewer patients met the major ocular criteria (2/10, 20% vs.
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0.75 -

0.5 -

mm/month  0.25

Figwre &, Rate of growth of the sinus
of Valsalva. Significantly faster growth
of the sinus of Vaisalva was observed
in group D (red) than in group ND
(blue). The middle bar indicates the
50" percentile; box edges are the 25"
and 75" percentiles; and outer bars

+)

Aortic dilatation or dissection  Aortic dilatation or dissection

are the 10" and 90" percentiles. Data
were analyzed using Wilcoxon test.
) *P<0.05.

8/12, 67%, P<0.05) and more patients met the major cardio-
vascular criteria (10/10, 100% vs. 7/12, 58%, P<0.05). Gene
analysis was performed in 11 of the 28 cases (40%) and a
fibrillin-1 mutation was found more commonly in group D,
although the difference was not significant (4/4, 100% vs. 4/7,
57%, P=0.06). A family history of sudden death or aortic dis-
section was more frequent in group D (7/11, 64% vs. 4/17,
24%, P<0.05).

Echocardiographic Patient Data

The sinus of Valsalva in the 1 trimester of pregnancy was
significantly larger in group D than in group ND (mean [range]:
44 1mm [36-61mm] vs. 34.8mm [28-45mm], P<0.005;
Figure 1; Table 3) and a sinus of Valsalva >40mm in the 1%
trimester was more frequent in group D (6/7, 86% vs. 3/14,
21%, P<0.05; Figare 1). On receiver operating characteristic
(ROC) analysis of the relationship of the size of the sinus of
Valsalva in the 1* trimester with aortic dilatation or dissection
during pregnancy and after birth, the area under the curve
(AUC) was 0.837 and the size of the sinus of the Valsalva that
produced the best sensitivity (1-specificity) was 40mm
(Figure Z).

An ASI (diameter of the sinus of Valsalva/body surface
area) =25 mm/m? was more frequent in group D than in group
ND (7/7, 100% vs. 0/14, 0%; P<0.0001; Figure 3). On ROC
analysis of the relationship of the ASIin the 1% trimester with
aortic dilatation or dissection during pregnancy and after birth,
the AUC was 0.985 and the size of the sinus of Valsalva that
produced the best sensitivity (1-specificity) was 25 mm/m2. In
1 case, aortic dissection occurred in a patient with a sinus of
Valsalva of only 36 mm in the 1% trimester. Her ASI, however,
was 27.3mm/m? (36 mm/1.31 m?), which was the 5" largest in
the study. This indicates that normalizing the sinus of Valsalva
measurement with respect to body surface area is more appro-
priate for prediction of aortic dilatation or dissection, compared
to the absolute diameter. Significantly faster growth of the
sinus of Valsalva was also observed in group D (median [inter-
quartile range]: 0.41 mm/month [0.23-0.66 mm/month] vs.
0.05 mm/month [-0.13 to 0.22 mm/month]; P<0.05; Figure ).

The sizes of the right and left ventricles did not differ be-
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tween the 2 groups (Tabie 3). In the 1% trimester of pregnancy,
patients in group D had more frequent moderate to severe aor-
tic valve regurgitation (6/11, 55% vs. 2/17, 12%; P<0.05) and
mitral valve regurgitation (6/11, 55% vs. 3/17, 18%; P<0.05).
These effects were already present before conception and may
be 1 of the causes of dilatation or dissection.

Biscussion

This is the first study to investigate the risk factors for preg-
nancy-associated dilatation or dissection in Japanese patients
with Marfan syndrome. The risk factors that differed signifi-
cantly between groups D and ND were mostly consistent with
those found in previous studies.™®!¢ These factors included a
large sinus of Valsalva, rapid growth of the sinus of Valsalva
during pregnancy, moderate to severe aortic valve or mitral
valve regurgitation, and a family history of sudden death or
aortic dissection.

We found that a large sinus of Valsalva (240 mm) at the
start of pregnancy was a risk factor for dilatation or dissection
during pregnancy and after birth. The present result differs
from the findings of the relatively large prospective study by
Meijboom et al, in which it was concluded that pregnancy in
women with Marfan syndrome seems to be relatively safe up
to an aortic root diameter of 45mm,* and from Canadian
guidelines that recommend that women with an aortic root
diameter beyond 44 mm should be strongly discouraged from
becoming pregnant.* Taking into account that Japanese
women have a generally smaller physique than European and
North American women, we recommend that the cut-off for
Japanese patients for advice regarding avoidance of pregnancy
should be a sinus of Valsalva diameter 240 mm, rather than
245mm. In a case report on a patient who developed a mas-
sive retrograde type B aortic dissection 7 days after normal
spontaneous vaginal delivery, Gandhi et al described the
patient as “petite” (body surface area, 1.69 m?), but this is still
larger than the average Japanese woman.?

‘We also suggest that normalizing the diameter of the sinus
of Valsalva with regard to body surface area (diameter of the
Valsalva/body surface area; mm/m?) may be more appropriate
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for detection of high-risk cases at the start of pregnancy. The
relative aortic size was first used to predict complications in
patients with thoracic aortic aneurysms.}? We found that an
ASI 225mm/m? in the 1% trimester is associated with a high
risk for aortic dilatation or dissection during pregnancy and
after birth. The ASI is a novel measurement of relative aortic
size that predicts rupture of aortic aneurysm,'” and Davies et
al found that the ASI was more important than absolute aortic
size in predicting aortic complications, especially in smaller
women such as those in the Japanese population.t” We found
that there was more rapid growth of the sinus of Valsalva in
patients with Marfan syndrome with pregnancy-associated
aortic dilatation or dissection, compared to those without these
conditions. Therefore, even if the diameter of the sinus of the
Valsalva is small, rapid growth carries a risk of aortic dissec-
tion or dilatation. The same phenomenon has been reported in
non-pregnant cases of Marfan syndrome. Meijboom et al fol-
lowed 108 women with Marfan syndrome and aortic root
growth prospectively using serial echocardiograms, and found
that the patients could be divided into 2 normally distributed
groups based on aortic growth rates: 90% had slow growths
and 10% had fast growth.!$ Significantly more dissections of
the ascending aorta (25% vs. 4%, P<0.001) were observed in
the fast growth group, and the average growth of the sinus of
Valsalva in the fast group was 1.8 mm/year. The median
growth in the present 5 cases of aortic dissection was as high
as 4.1 mm/year. This large increase relative to that in the
Meijboom et al study*” is probably due to the maternal cardio-
vascular changes in pregnancy, including increased blood
volume, heart rate, and stroke volume.* Furthermore, hor-
monally mediated histological changes also occur in the aorta,
including a decrease in mucopolysaccharides and loss of elastic
fibers in the aortic wall.?-23 Care is therefore required in treat-
ing patients with a high growth rate of the sinus of Valsalva.
The frequency and degree of aortic and mitral valve regurgita-
tion were also higher in patients with aortic dilatation or dis-
section, and these valvular changes may have been the causes
of dilatation or dissection.

An international expert panel established the revised Ghent
criteria in 2010, which, first, focused more on cardiovascular
manifestations, and in which aortic dilatation/dissection and
ectopia lentis are the cardinal clinical features.?? Second, in
these revised criteria, a more prominent role is assigned to
molecular genetic testing of FBN1 and other relevant genes in
the diagnostic assessment. Third, some of the less specific
manifestations of Marfan syndrome were either removed or
made less influential in the diagnostic evaluation of patients.
The new criteria also differentiate Marfan syndrome from
Marfan-related syndromes such as Loeys-Dietz syndrome,
Ehlers-Danlos syndrome, and familial thoracic aortic aneu-
rysm syndrome, which are associated with a significantly
greater risk of cardiovascular problems.”** In the present
study, patients with dilatation or dissection of the aorta were
less likely to meet major ocular criteria, and more likely to
meet the major cardiovascular criteria and had a more frequent
family history of dilatation or dissection. These findings indi-
cate that the new diagnostic criteria for Marfan syndrome
facilitate identification of high-risk patients for pregnancy-
associated dilatation or dissection more accurately.

Study Limitations

The disease severity of the present patients may have been
higher than that of general Marfan syndrome patients because
the National Cerebral and Cardiovascular Center is a referral
center for cardiovascular diseases, and we also perform gene
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analysis.** Therefore, most Marfan syndrome patients are
referred to our center due to cardiovascular complications and
many have a family history of aortic complications. Also,
because we investigated the clinical courses of Marfan syn-
drome patients associated with pregnancy in one institution,
only 28 patients were included in the study. The small number
of subjects prevented correction of the results for the effects
of potential confounding factors such as hypertension, and we
could not perform multifactorial analysis. The present study,
however, has the advantage of clear definition of medical and
surgical treatment and obstetric management. Measurements
of the aorta, ventricle and atrium, and the degree of mitral and
aortic valve regurgitation were also better defined in the present
study compared with multi-center studies. In future research
we plan to investigate a larger cohort of patients to clarify the
risk factors for dilatation or dissection of the aorta in patients
with Marfan syndrome during pregnancy.

Gonclusian

An increased size of the sinus of Valsalva (240 mm) was found
in Japanese patients with Marfan syndrome who experienced
aortic dilatation or dissection during or after pregnancy. The
ASI (size of the sinus of Valsalva/body surface area) is a better
indicator of the risk for aortic dilatation or dissection during
pregnancy and after birth, compared to the absolute size of the
sinus of Valsalva. Until a molecular-based approach is avail-
able to identify patients at high cardiovascular risk, echocar-
diographic variables will remain as the most important prog-
nostic factors. Prospective validation of the present proposed
criteria is needed, but we suggest that the present strategy may
be particularly useful for treatment of women with a small
physique, who are common in the Japanese population.
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Outcome of Pregnancy and Effects on the Right
in Women With Repaired Tetralogy
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Background: Improved medical techniques have allowed most women with repaired tetralogy of Fallot (TOF) to
reach childbearing age. The predictors of adverse events and the effects of pregnancy on cardiac function have not
been clearly described in these patients.

Methods and Results: In the present study we retrospectively reviewed 40 deliveries in 25 patients with repaired
TOF. There were 23 patients in New York Heart Association (NYHA) class |, and 2 in classes il before pregnancy.
The mean age at delivery was 29.1 years and the mean gestational period was 37.8 weeks. Seven pregnancies
(17.5%) in 7 patients were complicated with cardiac events such as a decline in NYHA class and arrhythmia. History
of ablation and the baseline cardiothoracic ratio on chest radiography were predictors of adverse events. Peak
plasma brain natriuretic peptide (BNP) level after the second trimester was higher in patients with cardiac events.
Left ventricular size and contraction did not change from before to after pregnancy, but the right ventricle was
enlarged at 6 months after delivery.

Conclusions: Many of the pregnancies in women with repaired TOF were successful. However, careful manage-
ment is required for some patients and the BNP level may be a useful marker o identify these patients. Because the
right heart tended to be enlarged in the late postpartum period, pregnancy may also affect the Iong-térm prognosis
of patients with repaired TOF. (Circ 4 2012; 76: 957~-963) -

Key Words: Arrhythmia; Congenital heart disease; Heart failure; Ouicomes; Pregnancy

congenital heart disease, and is characterized by a

large ventricular septal defect (VSD). right ventricu-
lar outflow tract obstruction, right ventricular hypertrophy, and
overriding of the aorta. Improvements in medical and surgical
treatment have permitted most female patients with TOF to
reach childbearing age after intracardiac repair. Several re-
ports have shown relatively favorable pregnancy outcomes
among such patients, - although with adverse maternal events
associated with left ventricular dysfunction, severe pulmonary
hypertension, and severe pulmonic regurgitation with right
ventricular dysfunction.’* However, few studies have apa-
lyzed the pregnancy-associated risks in these patients using
physiological and radiological examinations, including eval-
uation of persistent cardiac changes after each pregnancy.
Therefore, the aims of this study were (1) to characterize the
risk factors for pregnancy-associated cardiac events, and (2) to

T etralogy of Fallot (TOF) is the most conmmon cyanotic

evaluate the long-term effects of pregnancy on the heart in
women with repaired TOF.

Mathnds

Patients :

We retrospectively reviewed a series of 25 pregnant women
with repaired TOF who delivered at the National Cerebral and
Cardiovascular Center from 1987 to April 2010. Data werc
obtained from medical records. The 25 subjects had a total of
40 deliveries. Spontancous or elective abortions were excluded
from the study population. Baseline data were obtained for
age, basic cardiac anatomy, history of prior surgery, cardiac
events, medications, and smoking habit. New York Heart
Association (NYHA) functional class, results from chest radi-
ography, ECG, transthoracic echocardiography, and the plasma
brain natriuretic peptide (BNP) level were reviewed from 1
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Figurs 1,
tetralogy of Faiiot.
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Annual number of deliveries complicated with repaired TOF at the National Cerebral and Cardiovascutar Center, TOF,

year before pregnancy to 1 year after delivery.

Outcomes

Cardiac events were defined as new onset or worsening of
arthythmia requiring treatment, heart failure (a decline in
NYHA class, pulmonary congestion coufirmed by chest radi-
ography, requirement for diuretic therapy), endocarditis, or
thromboembolic events during pregnancy to 1 month after
delivery. Obstetric events were defined as pregnancy-induced
hypertension (PIH: systolic blood pressure (BP) 2140 mmHg
or diastolic BP 290 mmHg after 20 weeks of gestation),” pre-
mature labor (labor before 37 weeks of gestation). and post-
partum hemorrhage (blood loss in vaginal delivery 2800ml or
in cesarean delivery (CS) 21,500 m1).* Offspring events were
defined as small-for-gestational-age (SGA. birth weight <10
percentile), complication with congenital heart discase, and
intrauterine or neonatal death (within 28 days). To analyze the
risk factors for pregnancy-associated cardiac events, we com-
pared the latest pregnancy between paticnts with and without
cardiac events.

Physical Examinations

Results of chest radiography and ECG performed within 1
year before pregnancy to the first trimester (until 13 weeks of
_gestation) were used as baseline data. Cardiothoracic ratio
(CTR) and QRS duration were measured. Patients with pace-
maker rhythin were excluded from the assessment of QRS
duration on echocardiography. The patieats were routinely
examined by transthoracic echocardiography by 2 skilled ul-
trasonographers who were in charge of obstetric patients and
were blinded to the study. We obtained echocardiographic
data on 4 occasions: (1) within 1 year before pregnancy to the
first trimester. (2) in the second and third trimester (from 14

weeks of gestation to delivery), (3) after delivery to 1 month
postpartum, and (4) from 6 months to 1 year after delivery.
Patients who started diuretics during their pregnancy were
excluded from the comparison of echocardiographic changes
among these 4 periods.

Ventricular dimensions, such as left ventricular end-dia-
stolic diameter (LVDd), left ventricular end-systolic diameter
(L.VDs), and right ventricular end-diastolic diameter (RVDd).
were measured from M-mode echocardiography in the para-
sternal long- or short-axis views. Percent fractional shortening
(%FS) was calculated from the LVDd and LVDs. Right ven-
tricular size was graded retrospectively as normal or mildly.
moderately or severely enlarged on the parasternal long- and
short-axis views and from the apical 4-chamber. 2-chamber
and long-axis views by 1 skilled ultrasonographer who was
also blinded to the study. Outflow obstruction. valvular regur-
gitation. and systolic pulmonary artery pressures were quan-
tified using Doppler echocardiographic techniques.”™ Pul-
monary regurgitation (PR) was graded as mild. moderate or
severe based on the appearance of the regurgitant jet on colot-
flow Doppler imaging. Pulmonary stenosis (PS) was defined
as above moderate when the Doppler-derived systolic pressure
gradient across the pulmonary valve was 250 mmHg.?

Statistical Analysis

Statistical significance was evaluated using paired and un-
paired Student’s t-tests for comparisons between means. A
chi-squared test and Fisher’s exact test were used for categor-
ical data. All data are expressed as the meanstandard devia-
tion. Statistical significance was defined as a P-value <0.05.
The SPSS 11.0 software package (SPSS, Chicago, IL. USA)
was used for statistical analysis.
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Tabie 1. Clinical Course of Obstetric Patients With Cardiac Events

Age History of NYHA History of reoperatidn/ . . .
(vears) delivery class arrhythmia/medication Residual lesion Pregnancy-associated events
1 34 opP -l VSD closure + TVR+PVR Small VSD, 20W-~PSVT T=>antiarrhythmic agent
PSVT p/o ABL Moderate TS 30W: complicated with PIH
B-blocker +diuretics for PSVT and HF 32W: bigeminal PVC with BP fall, right HF
{severe TS) after CS
2 33 2p | PSVT p/o ABL Moderate PR 26W~NYHA li=>diuretics
28W~PSVT T, NSVT
3 28 1P | None Moderate PS, 33W-~PS severe
Moderate PR 36W: excessive edema after delivery
= diuretics
4 32 1P | PMI for CAVB Severe PR 34W~NYHA li, excessive edema=> diuretics
35W: NSVT
5 35 1P i LV-RA communication closure Moderate PR QW-~AT 7= B-blocker T
AFL/AT p/o ABL 13W~NYHA Il, CTR T = diuretics
la antiarrhythmic agent+verapamil
+f-blocker for AT
6 27 - 0P =i re-RVOTR Left PA obstruction 32W~NYHA if, CTR T, moderate TR
B-blocker for AT, NSVT 34W: TRT, CVRT after CS= diuretics
7 28 1P { None Moderate PR 18W: rapid NSVT =3 3-blocker

NYHA, New York Heart Association; VSD, ventricular septal defect; TVR, tricuspid valve replacement; PVR, pulmonary valve replacement;
PSVT, paroxysmal supraventricular tachycardia; p/o, post of; ABL, ablation; HF, heart failure; TS, tricuspid stenosis; PIH, pregnancy-induced
hypertension; PVC, premature ventricular contraction; BP, blood pressure; CS, cesarian section; PR, pulmonary regurgitation; PMI, pacemaker
implantation; CAVB, complete atrioventricular block; LV-RA, left ventricle-right atrium; AFL, atriat flutter; AT, atrial tachycardia; CTR, cardiotho-
racic ratio; RVOTR, right ventricle outfiow reconstruction; PA, pulmonary artery; TR, tricuspid regurgitation; CVP, central venous pressure.
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N=7 N=18 Fiswra 2. Flowchart of the obsteiric patients
in the study.
Besults tially diagnosed with TOF, 3 with TO}*‘ and pulmonary atresia
RLSiie (PA), and T with TOF, PA and 2 major aortopulmonary col-
Characteristics of Patients lateral artery (MAPCA). One patient was complicated by hy-
The 25 women with repaired TOF completed 40 pregnancies pertrophic cardiomyopathy. All patients underwent repara-
in our hospital from 1987 to April 2010. The number of deliv- tive surgery, including 7 who had a Blalock-Taussig shunt
eries complicated with repaired TOF showed a particular in- operation before TOF repair. The mean age at repair was 7.1
crease after the year 2000 (¥igure {); 21 patients were ini- years (range: 1-36 years); 4 patients required reoperation: 2
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Yuhie 2. Comparison of Obstetric Patients With and Without Cardiac Events’ ;
' » Cardiac events Cardiac events P value
(C] -

Age at repair operation (years) 4.7+5.0 8.0+9.6 0.58
Age at delivery {years) 31.3+3.3 30.0£5.3 0.40
Duration between repair to delivery (years) 26.6+4.8 22.0£7.9 0.18
Smoking 2 1 0.18
Multipara 5 8 0.18
NYHA 2t 2 0 0.07
History of reoperation 3 1 0.052
History of supraventricular tachycardia 3 0 0.003
Pre-pregnancy use of medication 3 1 ) 0.052
CTR before pregnancy or during first trimester (% 63.5+9.2 53.425.5 0.04
QRS duration before pregnancy or during first trimester (ms) 13527 11028 0.07
Right heart diatation before pregnancy or during first trimester 6 11 0.36
RVDd before pregnancy or during first trimester {(mm) 35.6x14.7 28.8x4.3 0.36
PR =moderate 5 10 0.67
PS zmoderate 1 1 0.49
BNP level before pregnancy or during first trimester (pg/mi) 42+29 31£23 0.64
Peak BNP level after second trimester (pg/di) 97+41 48+13 0.01
Weeks of delivery 35.7x3.2 38.3x1.5 0.084
Cesarian section 4 5 . 0.20
Neonatal birth weight (g) 2.262+590 2,742+423 0.03

RVDd, right ventricle end-diastolic diameter; PS, pulmonary stenosis; BNP, brain natriuretic peptide. Other abbrevia-

tions see in Table 1.
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Fgme 3. Plasma brain natriureiic peptide (BNP) levels dur-
ing pregnancy.

for right ventricular outflow tract reconstruction, 1 for patch
closure for residual VSD and tricuspid valve replacement, and
1 for patch closure for LV-RA communication. Another pa-
tient underwent percutaneous transluminal angioplasty for left
pulmonary artery stenosis twice before her pregnancy. Three
patients had a pacemaker implanted for advanced atrioven-
tricular block and another 3 had a history of catheter ablation
for supraventricular tachycardia (SVT). Two patients had a
residual VSD and 1 had left pulmonary artery occlusion. Mod-
erate 1o severe PR was present in 15 patients, and moderate to
severe PS was found in 2 patients. One patient had moderate
tricuspid stenosis after tricuspid valve replacement.

With regard to NYHA class, 23 patients were in class I be-
fore pregnancy and 2 were in classes H-11. Four patients were
prescribed medications before pregnancy: diuretics mn 1 patient,
an antiarchythmia drug in 1, and both in 2. All 4 patients contin-
ued these medications during pregnancy. Two patients stopped

taking angiotensin converting enzyme inhibiters before or im-
mediately after pregnancy. Three patients had a smoking habit.

Pregnancy Course

The mean age at delivery was 29.1 years (range: 20-39 years);
14 patients had I delivery, 7 had 2 deliveries, and 4 had 3
deliveries. All pregnancies were singletons. All patients deliv-
ered successfully at a mean of 37.8 weeks of gestation (range:
30-41 weeks). There were 29 vaginal deliveries and 11 deliv-
eries by CS. The reasons for CS were 1 case of maternal heart
failure, 1 of PIH, 3 of fetal distress, 1 of arrest of labor, 3 of
breech presentation, and 2 of repeated CS. Among the vaginal
deliveries, 26 occurred under epidural anesthesia, and | and 2
antibiotics were used in 28 and 12 deliveries, respectively. for
prophylaxis against endocarditis.

CGardiac Events

Cardiac events occurred in 7 of 40 deliveries (17.5%) in 7
patients (28%): 1 case of new onset of non-sustained ventricu-
far tachycardia (NSVT) requiring treatment, 2 of heart failure,
and 4 of worsening heart failure and arrhythmias including
SVT and NSVT. Endocarditis and thromboembolic events did
not occur. The clinical courses of patients complicated with
cardiac events are shown in Tabie §; 1 patient had TOF with
PA and another had TOF with PA and MAPCA: 2 patients had
cardiac events in the first pregnancy and none in later pregnan-
cies, 4 had cardiac events in the second pregnancy. and | had
a cardiac event in the third pregnancy (Figure 2).

Comparison of Patients With and Without Cardiac Events

A comparison of patients with and without pregnancy-associ-
ated cardiac events is shown in Table 2. A history of ablation
for SVT and larger CTR within 1 year before pregnancy or
during the first trimester were more frequent in patients with
cardiac events. BNP levels (normal range <18.4 pg/ml) were
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A

Figure

4. Changes in the echocardiographic parameters. The numbers on the horizontal axis are: (1) within 1 year before preg-
nancy to the first trimester, (2) in the second and third trimester (from 14 weeks of gestation to delivery), (3) after delivery to 1
month postpartum, (4) from 6 months to 1 year after delivery. LVDd. left ventricular end-diastolic diameter; LVDs, left ventricular
end-systolic diameter; IS, fractional shortening; RVDd, right ventricular end-diastalic diameter.
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measured during 15 pregnancies. Baseline BNP levels did not
differ significantly between patients with and without cardiac
events. However, peak BNP levels after second trimester were
significantly higher in paticnts with cardiac events, with BNP
>100pg/ml in some of these patients (¥igure 3).

Obstetric Events

Two patients were complicated with PIH: 1 had bigeminal
premature ventricular contraction, and then BP fall after emer-
gency CS because of PIH. and thus she was also included in
the patients with cardiac events (Tahie 1, patient 1). There
were 9 premature deliveries in 8 patients, because of maternal
heart failure in 3 cases, premature rupture of membranes in 2,
threatened premature labor in 3, and PIH in 1. Thercfore. the
mean weeks of delivery was shorter in patients with cardiac
events than in those without cardiac events, but the difference
was not significant. Of the 29 vaginal deliveries, 14 (48.2%)
were complicated with postpartum hemorrhage. In contrast,
none of the 11 CS deliveries resulted in postpartum hemor-
thage. No patient needed a blood transfusion after delivery.

Offspring Events

There were no neonatal deaths. The mean birth weight was
2,665g and was significantly lower for offspring of patients
with cardiac events (Fable Z). Two nconates (5.0%) were
SGA, including 1 whose mother smoked during pregnancy
and I whose mother took S-blockers for her history of NSVT:
2 had TOF., | had VSD, and 1 had atrial septal defect. Their 3
mothers had TOF without PA or right aortic arch. No patients
were tested for genetic conditions.

Changes in Echocardiographic Parameters

Changes in the mean LVDd, LVDs, %FS, and RVDd during
the perinatal period are shown in Figure 4. Mean RVDd was
26.7£6.9 mun within 1 year before pregnancy to the first trimes-
ter, 27.728.9 mm in the second and third trimester, 28.2:4+10.1 mm
after delivery to | month postpartum, and 29.6210.2nm at 6
months to [ year after delivery. RVDd at 6 months to 1 year
after delivery became significantly greater than that within 1
year before pregnancy to the first trimester. Right ventricular
size was able to graded retrospectively in 24 pregnancies and
the changes after each pregnancy are shown in Figurs 5. Right
heart dilatation tended not to recover after pregnancy and to
progress with each pregnancy.

Discussion
Our data suggest that most pregnancies in patients with re-
paired TOF have a favorable outcome, which is compatible
with previous reports. Rates of 7-12% have been reported
for maternal cardiac events during pregnancy after repaired
TOF, %2412 and the rate in this study was 17.5%. The reasons
of our higher rate of maternal cardiac events may be (1) inclu-
sion of patients with PA and/or MAPCA in the study and (2)
the hospital is a referral hospital, Left ventricular dysfunction,
severe pulmonary hypertension, decreased subpulmonary ven-
tricular ejection fraction and/or severe PR.* use of cardiac
medication pre-pregnancy, history of arrhythmia, and prior
pulmonary valve replacement™® have been proposed as predic-
tors of maternal cardiac events during pregnancy. In our study,
the predictors of maternal cardiac events were a history of
ablation for SVT and large CTR on chest radiograph. This is
the first report to show the potential value of chest radiography

for predicting maternal cardiac events. Because the number of

patients was small, NYHA class 21, history of reoperation,

use of medication pre-pregnancy, and wider QRS duration on
ECG did not reach a significant level as risk factors for car-
diac events, we were unable to perform a multivariate analysis
of pregnancy-associated risk factors. Morcover, RV dilatation,
RVDd, and over-moderate PR on echocardiography were not
significantly different between patients with and without car-
diac events, whereas CTR reflecting an enlarged right heart
was significantly different. We have to consider that the effi-
cacy of echocardiography was not adequate to assess the right
neart. A further study is required to investigate these factors.

Management of patients late after repair of TOF has recently
focused on the risk of arrhythmia and sudden cardiac death.??
A Japanese multicenter study of the incidence, manifestation
and management of arthythmia in congenital heart disease dur-
ing pregnancy found that SVT tended to require antiarrhythmic
agents more frequently than ventricular arrhythmia.* The cur-
rent study results clearly show the importance of a prior his-
tory of SVT in the evaluation of the risk of pregnancy. PR and
progressive dilation of the RV are closely related o SVT and
sudden death.’s Moreover, heart rate variability, which is a
significant marker of autonomic nervous function and may
predict tachyarrhythmia, may be significantly impaired in
pregnant women after repair of congenitel heart disease.” An
arthythmogenic effect could cause significant hemodynamic
compromise in both the mother and fetus in women with re-
paired TOF with subclinical LV intolerance and RV dilation
during pregnancy ' Therefore, arrhythmia and an enlarged
RV should be viewed with particular caution in the pregnancy
management of these women.

BNP is useful biomarker for the assessment of congestive
heart failure in congenital heart disease. as well as other heart
diseases.” Tanous et al measured the BNP levels in 66 women
with heart disease and found that those with events during
pregnancy (n=8) had BNP >100pg/ml. whereas no women
with BNP £100pg/ml had adverse events (negative predictive
value: 100%).** In our study. in which we followed BNP lev-
els in 15 patients, several of those with cardiac events showed
a peak BNP level <100pg/ml. BNP levels at baseline did not
predict cardiac events, and the timing of the examination of
BNP level after second trimester was similar to the timing
for the manifestation of heart failure. Thus, we consider BNP
levels not as a predictor of heart failure, but as a useful marker
to identify and to manage these obstetric patients.

Ventricular size and function assessed by cardiac magnetic
resonance imaging (MRI) are good predictors for major ad-
verse clinical outcomes in patients late after repair of TOF.*
Because the current study showed that RVDd on routine echo-
cardiographic examination was not an excellent predictor of
cardiac events, MRI may be more applicable for screening to
assess the risk of pregnancy in severely affected patients.

Japanese guidelines for the indication and management of
pregnancy and delivery in women with heart disease recom-
mend the use of antibiotic prophylaxis at the time of delivery
for patients with repaired cyanotic heart diseases, including
TOF. All patients in our study received antibiotic prophylaxis
against endocarditis, and there was no occurrence of endocar-
ditis. The incidence of PIH was 5%, which is similar to that in
the Japanese general population (4%).* Because one of the
patients with PIH had a BP fall from a bigeminal pulse. obstet-
ric events such as PIH may cause fetomaternal morbidity in
patients with repaired TOF to a greater extent than in the gen-
eral population.

In our study population, postpartuin hemorrhage occurred in
approximately half of the women after vaginal delivery, which
is u much higher rate than the 8.8% in a previous report.’’!
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Asian race, antenatal hospitalization, induction of labor, and
epidural anesthesia have been suggested as risk factors for
postpartum hemorrhage after vaginal delivery. Because
many of the patients were delivered by induction under epidu-
ral anesthesia, the rate of postpartum hemorthage might have
been increased. Careful management of atonic bleeding is
required, especially after vaginal delivery in patients with
repaired TOF.

The risk of recurrence of congenital heart disease in wormen
with repaired TOF has been reported to range from 0% to
9.8%.!-%3%2 The recurrence rate in our patients was approxi-
mately 10%, which is close to the rate of 9.8% in the study by
Pedersen et al. in whicl: it was also pointed out that the rate of
congenital cardiac disease in the offspring was 4.8%. exclud-
ing siblings with chromosome 22q11.2 deletion syndrome.?
We did not perform genetic tests in our patients and it is pos-
sible that some of the patients had a genetic condition, How-
ever., all 3 mothers whose children showed congenital heart
disease in this study were not TOF with PA and right aortic
arch. which suggests the incidence of chromosome 22q11.2
deletion syndrome.

Regarding cardiac size. Uebing et al reported that preg-
nancy itsclf was associated with a persistent increase in sub-
pulmonary ventricular size in patients with repaired TOF.™
using an analysis that did not take the number of deliveries
into consideration. Our data suggest that the right heart tends
to be more and more dilated after the second and third deliver-
ies, which indicates that pregnancy can affect long-term prog-
nosis in patients with repaired TOF. Clarification of the long-
term effects of pregnancy in these patients requires a long-term
observational study to compare patients with and without a
history of pregnancy. In general, the number of pregnancies
complicated with repaired TOF is increasing and further stud-
ies are required to establish better management to minimize
the risk of pregnancy and give a better long-term prognosis.
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Risk factors for maternal outcome in pregnancy complicated

with dilated cardiomyopathy
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Introduction

Ditated cardiomyopathy (DCM) is characterized by veptricular
Ln!?n,é,mem and systolic cardiac dysfunction, especially on the left
side.” In association with pregnancy, there are two types of DCM:

Corvespondance:
Ceschral and G

18 August 2611

Obstelrics and Gynecology, Chiba University, Chiba, Japan and SDepartment of Pediatrics, Chiba Cardiovascular Center,

peripartom cardiomyopathy (PPCM) and DCM not calegorized as
PPCM.2 PPCM is distinguishable from DCM-complicated
pregnancy by the time of onset, as PPCM is defined as occurring in
the fast month of pregnancy until 5 months after delivery and by
the causal relationship, with PPCM exclusively associated with
cardiac lesions such as valve or coronary disease.™” Elkayam of uf®
defined ‘pregnancy-associaled (PA) cardiomyopathy” a5 a condition
that occurred during pregaancy except it the last month and
reported similar clinical characleristics to those of PPCM. Morales
¢ ol found common genetic mutations in PPCM and DCM. At
present, however, PPCM and DCM-complicated pregnancy are
considered to be different disorders.

There have been many studies of the etiology,” epidemiology,”
prognosis’ and treatment™ of PPCM, but only 4 few studies of
DCM-compicated pregnancy.'™'? Bernstein and Magriples™
z'(mp,ucu the cardiac outcomes of DCM- {omphcmd pregnancy
with PPCM and Grewal ef a/."' compared similar outcomes in
cases of DOM, with and without pregnancy. DCM-coniplicated
pregnancy showed a better prognosis than PPCM, but a worse
prognosis than non-pregnant DCM. These results indicate a
negative impact of pregnancy on the cardiae outcome of DOM.

' .dor’* the current retrospective study of DCM-complicated
enancy was carried out to determine parameters that are
swm'»m ntly associated with cardiac ontcome at 1 vear after
delivery, to examine whether early lermination of pregnancy
preserves cardiac function and to establish whether the ontcome of
PA DCM is worse thao that of pre-pregnancy DCM.

Methods

We examined the records of 29 women with DCM who were
pregrant from Junuary 1982 to December 2007 and visited the
National Cerebral and Cardiovascular Center in Japan. DOM was
defined as left ventricle end-diastolic dimension (LVDA) =48 mm
and/or fractional shortening (%FS) <30% on echoca rdzovmpm
using one of the criteria for PPCM published by the Journal of the
American Medical Association.”"*"* Patients with PPCM defined by
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developuient of cardiae failure in the las
s of delivery, (2) absence of

Demakis eriteria of (1)
month of pregnancy or within § month
a determinable ettoic;gy for the cardiac failure and (3) absence of
demonstrable heart disease before the last month of pregnuscy
were excluded.* Those with structural heart disease and secondary
LY dvsfanction were also excluded

The 29 women (29 pregnancies) were followed until 1 year after
delivery. Artificial abortion cases were followed untif at Jeast 20
months afier abortion to mateh the time course of delivery cuses.
Echocardiography was performed at least once in each trimester
to evaluate cardiac function, with 2 focus on LV %ES and LV
Demographic cata were collected from each patient’s chast for
maternal age, patity, presence or absence of hypertension, diahetes
mellitus, history of multiple pregnancies and body mass index.
For pregnancy data, the delivery mode (Cesarean section or vaginal
delivery), gestational weeks of delivery, birth weight and the
infant’s prognosis were coliected. Changes of %FS, LVDd aud
Qf:New York Heart Association (NYHA) imﬂmaoa were also
investigated. Patients with cardiac dysfunction and marked
limitation of physical activity were defined as having heart failure,

Patients who died or had end stage heart failure of
NYHA class 1T and [V were placed in a poor prognosis group
(7 == 6). All other patients were placed in the good prognosis
group (7 ==23). The 29 cases were also categorized into two
groups based on the timing of the initial diagnosis of DCM,
the PA and non-PA groups. Patients in the PA group had
DCM diagnosed during the first 8 months of pregnancy, whereas
those in the non-PA group had been diagnosed with DCM
hefore pregnancy.

Hypertension was defined as systolic blood pressure
> 140 mm He or digstolic blood pressure 290 u‘:mﬂs’, or @
requirement for :umi‘wpertem've a ’ s mellitus was
defined as the resence of 2 fasting s;i‘m na g‘uum* level
> 126mgdi ', a hemoglobin type Alc =6.5%, a plasma
glucose level 295, 2180 and = 155 mgdi ‘3 :)cfom andd [ and

2h after a 75 ¢ oral glucose okmru est, respectively (@ patient
meeting two of these three criter fa s judged to be positive); or «
requirement. for antidiabetic drugs.'

The study was exempter.. fmm Commitiee on Human Research
approval (National Cerebral and Cardiovascular Center), becauge
there no longer exists a key or code sheet welating the identity of
each patient to his or her private health imosmznmn‘

Stalistical analysis

For continuous variables, 2 Student
analysis of normally distributed data and 2 Wi
for data that were not normally distribused, ¥
exact test were performed for comparing categorica

s ftest was performed for
coxon fest was used
st and Visher’s
variables

hetween the two groups. Al statistical analyses wi m wed
using SAS 9.2 (SAS Institute, Cary, NG, USA). A Pvalue of 0.05 was
considered statistically significant.

Risks in pregoancy with dilated cardiomyopathy @
S Kawwragi of af

171
Results
Compartson of FA DCM and non-PA DG
Amaong the 29 subjects, there were 14 cases of PA DOM and 15 coses

iz
of non-PA DOM (Table 1), Of the 14 cases of PA D( 8, 12 were
diagncsed in the first trimester amd 2 in the second twimester, Ten
of the PA DCM cases presented with genem fatigue and dyspnea on
light exertion, two had ngh dvspnea. and two had dxsm@z and
increasing leg and pretibial edema At cases were dizgnosed 4s
DM by ecimczu‘dmg,m hy. The cases of non-PA DCM were
diagnosed at & median age of 16 years, a1 6 months old in two
cases, 46 2 fo 3 vears old in four cases, at 12 to 20 years ﬁld in five
cases and al 20 to 30 yeass old in four cases. DCM had been
confirmed before the first conception in all these cases. During
pregnancy the first echo was performed in the first trimester in all
cases. The %FS was significantly lower in the PA group than in the
100-PA group (17.5 versus 27.4%, P<0.005). The LVDd was larger
iz the PA wmt,p hu he d furum, was Pot s‘s*r*xﬁccmt ’P ------ }

PA gsﬁ()zz;) (6/ 14 Versus 0/ i3, f’<0.()05, .m ”) ihe, ve .
weeks of delivery and hirth weight of the newborn were both
significantly lower in the PA group (34.0 £ 3.5 versus 378 £ 1
weeks, P<0.01; 2146 + 579 versus 2815 +352g, P<.01),

Comparison of cases with poor and good progroses

More cases in the good prognosis group had %FS=22%
throughout the observed course, compared with the poor progrosis
group (14715 (93%) versus 0/6 (0%), P<0.0001) (Figure 1). In the

Table 1 Clinical characteristies of PA and son-PA cases

PA (= 14} Nopr-£4 (=2 {5)
4 b
30, 2041 2, 25
8 5
Weddicotions
2 i
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eégh! is}ducecbaé‘xmioz Cases, S umwd f;{}m (} m 22% and was

(Figure 2}, hut was azgmﬁc:mtiy eimme(é at the initial

o

Table 2 Ouicome of pregnancy and candizc

Heart fadurs % (= 14) Now-PA (== 15)

s (6) Mo (5] ves (4 Mo (15)

Detivered eases 6 i

GBS () 70331 EA Y5 o ¥ O— 2140

L o) (00185 55419 - 37438
Delivery woeks” 24450 8L
Birth weight {g)° 52585 ME6E0 e 28154352
Lielivery mode

Vaginal 3 2 &

Cesaresn suction 3 2 s
Feliss

HES Y {i G ¢

TGED r 0 ¢

‘r”w,“mw asstciated (NCM )Lumt«% it the Liest 7 moenths of
PA, 1 Gon M oconrred b

P00
both jower I heart failore cases
weeks, <001 1952 versus
seks, P<0.01; 1952 vorsus

Weel of defivery &ud budx weight of newd
thin &y PA cases without heant failure WSS
Wby, P<0O1) and Wy non-BA cases (324 vorus 37.8 we
Pl ”[\
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examination during pregnancy in fwo patlents who subsequently
died. In an receiver operating characteristic analysis of the
relationship of the %ES vakue to poor maternal prognosis, the area
under the curve (AIC) was 0.9778 and the value of %ES that
showed the best sensitivity (one specificity) was 20.5.

Changes in NYHA class

Inn the 21 delivery cases, ail the non-PA patients remained in
NYHA class | izomzn- the ohserved course (i*‘iom'e 2. Of the 10
PA delivery cases, 9 were In NYHA class 1 early in pregnancy.
However, the NYHA class worsened s pregnancy progressed, except
in one case, thee patients died due to severe heart failure, three
were in class 1T and three were in cluss {1 or IV with severe
heart fafiure. All of the eight shortion cases had maintained the
sare NYHA class {six in class | two in class ) 2t 20 months
after abortion.

Discussion

The analysis of risk faclors for maternal outcome in patients with
DCM-com pi;: ated pregnancy showed that a low %FS and onset of
DCM ¢ regnancy increased the visk of heart failure at 1 year
after deliv

Lefl ventricudar fractional shortening

LY %ES and LVDd are predictive Liciom for poor prognosis in DCM
among non-pregnant patients. ®0ur cases with decreased LV
function are clearly distinguishable from PPCM, a3 patients with
cardiae dysfunction that developed early in pregnancy are inchuded
in our study, whereas such cases are generally excluded from a
PPCM cohort. Low cardiac function at the time of diagnosis of
PPCM s a predictive factor for mortality. ™™ Witlin of af”
reporied that six of seven patients with severe PPCM

Belivery cases (21)
e (3006] PrOYNosis
=== Poor prognosis

O PA @ NonePA

KFS [%)
el
<«

Abordien cases {8}
A PA & Non-PA

favd

uring pregnancy

st 2l
Aporon 20 months

Figure 1 Longitadinal changes of fractional shortening (%58
{dotted tine). Tu abortion cases, %S ranced from 10 1o
PA, pregnane ciaterh non-PA, non-pregnancy associated.
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