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Figure 5. Engraftment of allogeneic FM-MSC and BM-MSC injected
into ischemic hind limb muscles. (A): Representative sections show that
GFP-positive allogeneic FM-MSC and BM-MSC were present in the
hind limb muscles of rats with hind limb ischemia | and 3 weeks after
cell injection (brown stain, black arrows). Scale bars = 50 um. (B):
Quantitative analysis demonstrated that comparable numbers of GFP-
positive allogeneic FM-MSC and allogeneic BM-MSC were observed in
ischemic hind limbs | week after cell injection. Three weeks afier cell
injection, a few GFP-positive allogeneic FM-MSC and BM-MSC were
observed (n = 8 each), Data are mean = SEM. Abbreviations: BM-
MSC, bone marrow-derived mesenchymal stem cells; FM-MSC, fetal
membrane mesénchymal stem cells; GFP, green fluorescent protein

BM-MSC

FM-MSC

chmcal and clinical studies, allogeneic MSC were not rejected
and showed long-term engraftment in a variety of tissues in the
absence of immunosuppression [32-34]. In the present study,
FM-MSC had an immunophenotype similar to that of BM-MSC
and did not provoke alloreactive lymphocyte proliferation in
MLC. In normal rats, T lymphocyte infiltration was observed at
the site of allogeneic FM-MSC injection; however, the degree of
infiltration was less marked than that following allogeneic
splenic lymphocyte injection and was equivalent to that induced
by allogeneic BM-MSC. These results suggest that FM-MSC
and BM-MSC can both evade T lymphocyte alloreactivity and
may be successfully transplanted across MHC barmers

In this study, we have reported for the first time the angio-
genic effects of allogeneic FM-MSC. Some earlier studies have
reported that grafted cells directly contnbuted to vessels and
lissues in ischemic models [35, 36). However, in our study,
immunostaining of more than 30 sections of ischemic tissue
revealed no evidence of endothelial differemiation or cellular
fusion of rransplanted FM- or BM-MSC (supplemental online
Fig. 1). Recent studies have demonstrated that a direct contri-
bution of grafied cells is minimal or even absent [37-39] and
that paracrine actions are of major importance in mediating their
regenerative effects [40, 41]. We also demonstrated that alloge-
neic injection of FM-MSC, as well as BM-MSC, significantly
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Figure 6. T lymphocyte alloreacuvity after allogeneic FM-MSC and
BM-MSC injection into hind himb muscles. (A): GFP-positive alloge
neic FM-MSC and BM-MSC were observed 1 week after cell injection
(brown stain; black ammows), T lymphocyte infiltration around injected
allogenerc FM-MSC and BM-MSC was less marked than that around
allogeneic splenic lymphocytes (brown stain). (B): Quantitative analysis
of injected allogeneic GFP-positive FM-MSC and BM-MSC. The num-
ber of GFP-positive allogeneic FM-MSC was significantly higher than
that of allogeneic splenic lymphocytes and equivalent to BM-MSC (n =
8 each), (C): Quantitative analysis of T lymphocyte infiltration at the
site of allogeneic cell injection. The number of CD3-positive cells
around injected allogeneic FM-MSC was significantly lower than thai
around allogeneic splenic lymphocytes and equivalent to BM-MSC (n =
8 each), Data are mean = SEM. =, p < 05 versus splenic lymphocytes
Scale hars = 50 um. Abbreviauons: BM-MSC, bone marrow-denived
mesenchymal stem cells; FM-MSC, fetal membrane mesenchymal stem
cells; GFP, green fluorescent protein
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increased blood perfusion and capillary density in rats with hind
limb ischemia.

Recently, MSC have been considered to induce neovascu-

lanzation by secreting large amounts of humoral factors in-

advantage of FM is that no invasive procedures are required to
obtain MSC, unlike BM. Recently, MSC derived from cord
blood have been demonstrated to be an attractive therapeutic
cell source [50). FM seem 10 be an another suitable altemative

volved in angiogenesis [42-45]. Our previous studies found that
BM-MSC secreted large amounts of VEGF and HGF, which are
known potent angiogenic factors [21, 27]. In this study, we
showed that cultured FM-MSC secreted a comparable amount
of HGF. but less VEGF, compared with BM-MSC. In our recent
unpublished study, angiogenic gene polymerase chain reaction
array analysis demonstrated that FM-MSC, as well as BM-
MSC, expressed significant amounts of other angiogenesis-
related genes, including VEGF-C, platelet-derived growth fac-
tor-B, angiopoieting, chemokines, and interleukins (dara not
shown). Our observation that FM-MSC and BM-MSC injection
equally recovered blood perfusion of ischemic hind limb indi-
cates that the angiogenic effect of FM-MSC, as a source of
“cytokine cocktails,” was equivalent 1o that of BM-MSC. There
is another possibility that FM- and BM-MSC might have mo-
bilized host stem/progenitor cells (e.g., endothelial progenitor
cells) to the injured site to accelerate angiogenesis [46, 47].

We demonstrated that injected allogeneic FM- and BM-
MSC were able to survive in the ischemic hind limb ussue 3
weeks after injection, although the cell number significantly
decreased. A previous report found that transplanted allogeneic
BM-MSC were observed 6 months after transplantation [32).
However, as in other studies, allogeneic MSC engraftment rates
decreased with ume [34, 48, 49]. Additional studies on the
relationship between cell survivability and angiogenic effects
are needed.

FM are a potentially promising cell source for clinical use;
they are medical waste matenial, are abundantly available from
maternity wards, and are free from ethical concerns. A further

source of fetal-derived MSC for regenerative medicine.

CONCLUSION

FM-MSC did not elicit alloreactve lymphocyte proliferation,
and allogeneic injection of FM-MSC induced therapeutic angio-
genesis in a rat model of hind limb ischemia, comparable to that
seen with BM-MSC injection. Considering that FM are gener-
ally treated as medical waste and that MSC can be obtained
abundantly without invasive procedures, allogeneic FM-MSC
injection could provide a new therapeutic strategy for the treat-
ment of severe peripheral vascular disease.
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Abstract

The cardiocirculatory changes during pregnancy and delivery are marked In some diseases and conditions, the matar-
nal and fetal risks are high Echocardiography plays a very important role to diagnose and to follow up in pregnant
women with hean diséases, because it s noninvasive and does not expose the patients 1o radiation. We reviewed tha
value af echocardiography 1o determine the conditions under which women with heart disease can tolerate pregnancy,

and the fetomaternal prognosis for major heart diseases

|J Echocardiogr 2008; 6: 29-38)

Key words: pregnancy, heart disease, echocardiography, fetomaternal prognosis

Introduction

With recent advances in cardiovascular and neonatal
medicine, the number of patients with heart disease
who reach childbearing age has increased, and the
range and severity of heart diseases with which preg-
nancy and delivery are possible is expanding.
Subsequently, guidelines have been prepared in vari-
ous countries|1, 2]. In Japan, the Japanese Circulation
Society (JCS) joint working group issued guidelines
for the management of pregnancy and delivery in
women with heart diseases in 2005 (JCS 2005 guide-
lines)[3]. The cardiocirculatory changes associated
with pregnancy and delivery are marked, and in some
diseases and conditions, the maternal and fetal risks
are high. In this review article, we emphasized the
value of echocardiography to (1) examine healthy
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pregnant women, (2) determine the conditions under
which women with heart disease can tolerate pregnan-
cy, and (3) determine the fetomaternal prognosis for
major heart diseases.

1. Echocardiographic findings and
hemodynamic changes during preg-
nancy in healthy pregnant women

Echocardiography can assess the hemodynamic
changes noninvasively, thus it is widely used to mea-
sure cardiocirculatory indexes during pregnancy and
after delivery.

From the sixth week of gestation to the second
trimester during pregnancy, through the mechanisms
such as water and sodium retention mediated by the
renin-aldosterone system stimulated by the estrogen
increase, the volume of circulating plasma is increased
by an average of 1.5 fold. Cardiac output measured by
Doppler echocardiography also increases by approxi-
mately 50 percent. From weeks 20 to 24, stroke vol-
ume increases reaching its peak, and then heart rate
increases by 10 to 20 beats/min (Figure 1)[4]. On the
other hand, arterial pressure and systemic vascular
resistance decrease|5].

During labor and delivery, oxygen consumption
increases about three fold. and uterine contraction
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Fig. 1. Percent changes in heart rate. stroke volume, and cardiac output measured by echocardio-
graphy in the lateral position throughout pregnancyl4] {modified by and taken from the
textbook “Braunwald's heart disease 7th edition, p1966°)

accompanying labor increases the amount of circulat-
ing blood by 300-500 ml. At the same time, cardiac out-
put increases by 15-25%, exceeding 8-10 L/min.
Immediately after delivery, uterus-induced compres-
sion of the inferior vena cava is relieved, thereby rapid-
ly elevating venous return. Cardiac output decreases
by 10-20% within one hour of delivery. As the amount
of circulating blood increases during pregnancy, tran-
sient overload persists for 4 to 6 weeks after deliv-
ery[6].

With regard to the changes in echocardiographic
parameters, left ventricular (LV) end-diastolic and end-
systolic dimensions and wall thickness increase, and
contractile function enhances. Functional pulmonary,
tricuspid and mitral regurgitation, and mild pericardial
effusion are occasionally seen in normal pregnancy.
About diastolic performance, findings such as signifi-
cant increases in transmitral peak E velocity in the first
trimester and peak A velocity in the third trimester of
pregnancy have been reported|[7]. Tissue Doppler
echocardiography determined mitral annular early
diastolic velocity (E') decreases, and late diastolic
velocity (A') remains unaltered [8].

2. Required conditions for pregnancy
based on echocardiographic findings

We have experienced about 70 deliveries of heart
disease women over one year. Figure 2 shows the
annual number of deliveries by women with heart dis-
ease in our hospital. While the number of patients

with arrhythmia is almost constant, those with congen-
ital heart disease or other heart diseases tend to
increase.

In the past, medical decisions as to whether heart
disease patients could become pregnant and deliver
were based on the heart function classification system
developed by the New York Heart Association
(NYHA), and it has been generally accepted that class
I or Il women can become pregnant. Studies have
shown that the maternal mortality for NYHA class 1/11
was <1% and for NYHA class III/IV was 515%[9], and
the rate of maternal cardiovascular events such as
heart failure, arrhythmia and cerebral infarction for
NYHA class [ was about 10% and for 1I/1I1/IV was
about 30%. The rate of live-born infants for NYHA
class | was about 80% and for 11/111/1V was about
70%[10].

Recently, echocardiographic parameters have been
widely used to determine the risk of pregnancy. A
study of 562 pregnant women with heart diseases iden-
tified the following factors for poor maternal prognosis:
prior cardiac event (heart failure, transient ischemic
attack, or stroke before pregnancy) or arrhythmia,
NYHA functional class > 1l or cyanosis, left heart
obstruction (mitral valve area < 2 cm?, aortic valve area
< 1.5 cm?, or peak left ventricular outflow tract gradient
> 30mmHg by echocardiography) and systemic ven-
tricular dysfunction (ejection fraction < 40%). When
assigning one point for each condition, the incidence of
maternal cardiovascular events during pregnancy was

J Echocardiogr Vol 6, No 2, 2008
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Table 1. Multivanate analyses of maternal and necnatal risk predictors

Odds Ratio

Complications Predictor (95% CI) P
Cardiac Prior cardiac event or arrhythmia  6(3-14) <0.001
NYHA functional class > Il or
6(2-22) 0.009
CYANosis
Left heart obstruction 6(3-14) <0.001
Systemic ventricular dysfunction 11 (4-34) <0.001
Neonatal NYHA functional class > Il or
3(1.1-6.1) 0.035
cyanosis
Heparin/warfarin during
3(14-82) 0.0093
pregnancy
Smoking 2(1.3-3.9) 0.0045
Multiple gestation 22 (6-85) =0.001
Left heart obstruction 2(1.01-29) 0.044
Postpartum hemorrhage  Peripartum heparin or warfarin 7(2-22) 0.001
Cyanosis 27 (4-177) <0.001

CI: Confidence Interval, NYHA : New York Heart Association
(Madified by and taken from Siu : Circulation, 104 (5)[11])

5% for a score of 0 point, 27% for a score of 1 point and
75% for a score of 2 or higher. In addition, the inci-
dence of fetal complications such as premature deliv-
ery and low birth weight reached 20%, and severe com-
plications such as respiratory distress syndrome,
intracranial bleeding and death were confirmed in 5%.
The factors that exacerbated fetal prognosis were
NYHA class > II or cyanotic heart disease, anticoagu-
lant therapy, smoking, multiple pregnancy and left ven-
tricular obstruction (Table 1)[11]. In addition to the

J Echoeardiogr Vol 6, No 2, 2008

above factors, a recent study documented other risk
factors; severe pulmonary regurgitation and right ven-
tricular dysfunction with an odds ratio of 9.0 and 27.2,
respectively[12].

Based on these results, the JCS 2005 guidelines list
heart diseases that require close monitoring during
pregnancy or should avoid pregnancy (Table 2)[3].
Echocardiography plays a pivotal role in assessing
these conditions.
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Table 2. Heail diseases that require careful monitonng during pregnancy and diseases with which

pregnancy should be avoided 3]

5. Prosthetic valve

1. Pulmonary hypertension (Eisenmenger syndrome)
2. Outflow tract obstruction (severe aortic valve stenosis: >40-50 mmHg)
3. Heart failure (NYHA class: 2 111, LVEF - <35-40%)

4. Marfan's syndrome (Diastolic aortic diameter: >40 mm)

6. Cyanotic disease (oxygen saturation : <85%)

NYHA : New York Heart Association

3. Echocardiographic findings during
pregnancy in cardiovascular diseases

Here, we describe major cardiovascular diseases in
pregnancy with some case presentations.
3-1. Congenital heart disease
3-1-1, Non-cyanotic heart disease

Left-to-right shunts, such as atrial sepal defect
(ASD), ventricular septal defect (VSD), patent foramen
ovale (PFO), and patent ductus arteriosus (PDA) are
sometimes diagnosed during pregnancy due to loud
heart murmur from increased shunt volume caused by
increased circulating blood volume (Figure 3). In
patients with large shunt volume, decreases in periph-
eral vascular resistance balances out the increased
blood volume, and in most cases, pregnancy and deliv-
ery are completed without any complications.
However, caution must be exercised in the event of
rapid bleeding, as peripheral vasoconstriction may
increase shunt blood flow, decrease cardiac output and
cause congestive heart failure, shock and ventricular
fibrillation.

Masuda et al_ reported changes in pulmonary output
(Qp) and systemic output (Qs) measured by Doppler
echocardiography in 17 pregnant women (10 with VSD
and 7 with ASD) in our hospital. During pregnancy,
both Qp and Qs increased in all patients, resulting in
an insignificant change in Qp/Qs (Table 3)[13].

(1) ASD: When compared to normal pregnancy, the
risks for miscarriage and premature birth are higher,
and these conditions can accompany supraventricular
arrhythmia or paradoxical emboli, One study found
that when compared to pregnancy after ASD-closure
surgery, pregnancy before surgery has higher risks for

miscarriage and maternal cardiovascular events[14],
Hence, if surgery is indicated, it should be performed
before pregnancy. Recently, non-invasive procedure to
close ASD was developed as an alternative treatment.
There is a case report of percutaneous closure of ASD
during pregnancy[15].

(2) VSD: In patients with untreated VSD without
heart failure which is discovered during pregnancy,
there are few problems, except when there is marked
aortic regurgitation (AR) due to right coronary cusp
herniation. As shunt volume of VSD is exaggerated by
marked AR during pregnancy, surgery is recommend-
ed before pregnancy.

In a study of 309 pregnancies in 126 pregnant
women with congenital heart diseases including ASD
and VSD, the incidence of miscarriage was 17%, aver-
age duration of pregnancy was 34 weeks, maternal
mortality was 0%, and fetal heart disease was 2.5%[16].
3-1-2. Non-cyanotic heart disease after surgical correc-

tion

In general, if patients keep good cardiac function,
pregnancy and delivery are tolerable. Echo-
cardiography often shows cardiac constrictive signs
(such as septal bounce and increased respiratory
changes in transmitral/transtricuspid flow) in preg-
nant patients who had open heart surgery. We think
that increased blood volume can cause such a condi-
tion, and some should be carefully observed.

3-1-3. Cyanotic heart disease after surgical correction

In patients with good functional class (NYHA class |
or II) and sinus rhythm, pregnancy and delivery are
possible, but the incidence of miscarriage is high.

Repaired tetralogy of Fallot (TOF): In patients who
underwent corrective surgery, pregnancy and delivery
are possible. In one study of 112 pregnancies in 43

J Echocardiogr Vol 8, No.2, 2008
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patients of repaired TOF, delivery rate was 73%, and six
women (14%) had cardiac events[17]. Pregnancy risk
factors included: residual VSD, moderate to severe pul-
monary valve stenosis and insufficiency, aortic insuffi-
ciency, pulmonary hypertension, dilated aorta ( 240
mm), ventricular dysfunction, and past history of tach-
varrhythmia.

We experienced 14 deliveries in 13 patients of
repaired TOF from 1998 to 2006. Three patients
(23.1%) needed diuretics or bed rest because of pul-
monary hypertension assessed by Doppler echocardio-
graphy.

3-1-4. Cyanotic heart disease without pulmonary hyper-
tension

During pregnancy, systemic vascular resistance
decreases to elevate right-to-left shunt, thus exacerbat-
ing cyanosis. While the incidence of complications is
high in pregnant women with cyanotic heart diseases,
cyanosis is treatable and mortality risk is low. How-
ever, fetal prognosis is poor, and in severe cyanosis,

Kamiya et al.

fetal development is hindered (the rate of live births is
12% at <85% oxygen saturation). In one study of 96
pregnancies in 44 patients with cyanotic heart dis-
eases, maternal cardiac complications were seen in
32%, and the rate of live births was 43%. Hemoglobin=
16g/dL and oxygen saturation= 85% were found to be
prognosticators|18].
3-2., Pulmonary hypertension

In patients with primary pulmonary hypertension,
maternal mortality exceeds 50%, and pregnancy is con-
traindicated. In patients with Eisenmenger syndrome,
maternal mortality ranges from 30 to 70%, and fetal
mortality is as high as 50%[19, 20]. Hence, if patients
with these diseases wish to continue their pregnancies,
they must be admitted to a specialized hospital after
week 20 of gestation to be treated with resting, oxygen
administration and anticoagulation[21]. In our hospi-
tal, we experienced 2 (15.4%) maternal deaths among
13 patients with pulmonary hypertension|22].

Table 4. Maternal and fetal risk faor patients with valvular disorders

Systolic pressure gradient<40
~50 mmHg

Low risk for mother and child High risk for mother and child
Aortic stenosis - Asymptomatic - Severe stenosis: systolic

» Normal LV function pressure gradient>40~50

- Mild to moderate stenosis ; mmHg

+ LV dysfunction

- Mild to moderate stenosis

Valvular area:>1.5 cm?®
Pressure gradient:<5 mmHg

Aortic insufficiency - NYHA class I/11 + NYHA class [II/TV
+ Normal LV function - LV dysfunction

Mitral insufficiency + NYHA class I/11 - NYHA class III/1V
+ Normal LV function - LV dysfunction

Mitral stenosis + NYHA class 1/11 - NYHA class [II/TV

+ Severe stenosis

Valvular area:<1.5 cm?
Pressure gradient:>5 mmllg

+ Without pulmonary - With pulmonary hypertension
hypertension (=75% systemic blood
pressure)

High risks for mothers
Left ventricular dysfunction (LVEF:<40%)
Past history of heart failure

Anticoagulation therapy during pregnancy (prosthetic valve patients)
Past history of cerebral embolism or transient cerebral ischemia
Aortic regurgitation accompanying Marfan's syndrome

High risks for children
Mother's age: <20 years or >35 years

Anticoagulation therapy during pregnancy (prosthetic valve patients)
Exposure to smoking, drinking or other environmental factors during pregnancy

LV left ventricular, NYHA: New York Heart Association, EF: ejection fraction

(Madified US ACC/AHA guidelines[25])

J Echocardiogr Vol.6, No.2, 2008

- 342~



Echocardiography and Pregnancy

n section (d)

3-3. Patients with valvular disorders or prosthet-
ic valves

During pregnancy, increased circulating blood vol-
ume often reduces cardiac function in patients with
valvular heart diseases. The incidence of congestive
heart failure and arrhythmia is about 40 and 15%,
respectively, although maternal mortality is low([23].
Table 4 shows the JCS 2005 pregnancy guidelines for
patients with valvular disorders established based on
ACC/AHA guidelines(3, 24, 25].

Generally, patients with stenosis are less tolerable
for volume overload than patients with regurgitation.
We recommend patients with severe mitral or aortic
stenosis to be treated by percutaneous transvenous
mitral commissurotomy or operation before pregnan-
cy. Figure 4 shows a 31 year-old woman with severe
mitral stenosis who showed worsening pulmonary
hypertension during her pregnancy and needed med-
ical treatment and a cesarean section.

TRPG=111mmHg

TRPG=40mmHg

anged from 111

In patients with mechanical valves, because warfarin
is teratogenic, heparin is used from weeks 6 to 12 of
gestation, and then they are followed by subcutaneous
low-molecular-weight heparin or oral warfarin with
another switch to heparin at weeks 34 to 36. The risk
for bleeding and embolization is high for both mothers
and children. We reported pregnancy outcome in
women with prosthetic mechanical valve replace-

o

ment[26]. Among 16 pregnancies in 12

women \\-'Illh
mechanical heart valve, 8 women (50%) had cesarean
live births. Two babies died during the neonatal peri-
od. Four cases ended in early miscarriage, and one
case ended in intrauterine fetal death. Therapeutic
abortion was performed in 3 cases. Three mothers
developed valve thrombosis, and one died from heart
failure.
3-4. Marfan's syndrome

During pregnancy, estrogen and other hormones
make vessels more fragile, and as a result, in pregnant
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women with Marfan's syndrome, the risk for aortic dis-
section is higher than in non-pregnant women. In
patients with annuloaortic ectasia ( 244 mm), pregnan-
cy without replacement surgery is contraindicated. At
40-44 mm, while the risks are high, pregnancy and
delivery are possible with conservative therapy
although weekly echocardiographic observation is
desirable. At <40 mm, normal delivery is possible,
Under general anesthesia, cesarean section is per-
formed, and blood pressure and pain management are
very irnportant.

We reviewed 8 pregnant patients with Marfan's syn-
drome experienced in our hospital[27]. Aortic dissec-
tion occurred in 3 patients (37.5%), one of whom devel-
oped rapid dilatation of the ascending aorta during her
pregnancy and needed Bentall operation. Luckily, how-
ever, all patients tolerated the pregnancy well, with
favorable maternal and fetal outcomes. Follow-up
echocardiography showed no apparent worsening of
cardiovascular status attributable to pregnancy except
for one patient. In conclusion, dilatation of the ascend-
ing aorta during pregnancy is an important predictor
for aortic dissection, and echocardiography must he
performed weekly or biweekly.

Kamiya er al.

3-5. Cardiomyopathy

Among pregnant women with hypertrophic car-
diomyopathy, maternal mortality is around 1%, and
most patients can go through pregnancy. However, in
about half of the patients who had symptoms before
pregnancy, the NYHA functional class was exacerbat-
ed (NYHA class 11I/1V) during pregnancy[28]. We
often recognize elevated intraventricular pressure gra-
dient and pulmonary hypertension in obstructive
patients. Figure 5 shows a clinical course of a preg-
nant woman with hypertrophic obstructive cardiomy-
opathy. In patients at high risk for sudden death, such
as those with 230 mm maximum wall thickness, past
history of cardiac arrest or ventricular tachycardia and
family history of sudden death, it is essential to careful-
Iy monitor pregnancy and delivery.

In dilated cardiomyopathy, because prognosis is
poor, especially for young patients, and most patients
take medication such as an ACE inhibitor, very few
patients become pregnant. In general, maternal prog-
nosis is also poor, and as a result, caution must be
exercised, even in patients with mild cardiac dysfunc-
tion. In our hospital, in fact, we experienced 4 mater-
nal deaths (death within 2 years after delivery) out of 8
patients with cardiomyopathy([22]. Figure 6 shows

140 65
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L 120 60
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£ 100 o
§ —a— LVOT flow gradient
§ 80 50 §
& e —e - TRPG
= 60 45 g
g 40 40 - <& LA dimension
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“
g 20 o5
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13 16 18 20 24 27 2 T
Medication | Cibenzoline 300mg 4Dﬂm'g " Sﬂﬂm;
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BNF (pg/ml) 1364 260 644 954 BE6 1347 1066

Fig. 5. The clinical course of a 30 year-old pregnant woman with hypertrophic obstructive car-

diomyopathy

The patient was admitted during her 13th week of gestation. After she started to take
cibenzoling, left ventricular outflow (LVOT) pressure gradient decreased from 109 mmHg
to 28 mmHg and RA-RV pressure gradient derived by tricuspid regurgitant velocity
{TRPG) also decreased. Then, the velocity gradually increased again, and additional med-
ications were not effective to decrease it. At her 27th week of gestation, she started to
complain of dyspnea on mild effort, and echocardiography showed increased left atrial
(LA) dimension from 48 mm to 52 mm and increased mitral regurgitation from 2/4 1o 3/4.
She was taken for a cesarean section (CS) 3 days later. After delivery, LVOT pressure

gradient decreased to around 30 mmHg,
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changes in cardiac function during pregnancy and
after delivery in a patient with dilated cardiomyopathy.

In peripartum cardiomyopathy, cardiac function
recovers in about half of patients, but in this relatively
rare disease, 20% of patients die or require a heart
transplant. In patients with a past history of peripartum
cardiomyopathy, multiple deliveries would worsen car-
diac function, and as a result, caution must be exer
cised if a patient becomes pregnant again. The risk for
cardiac events during first or subsequent pregnancy is
dependent on the severity of left ventricular dysfunc
tion[29], and assessment of left ventricular function by
echocardiography is important.

4., Conclusions

In pregnant women with heart diseases, echocardio-
graphy plays a very important role because it is nonin-
vasive and does not expose the patients to radiation.
Long-term maternal prognosis has not been fully clari-
fied, and there have been few studies investigating the
relationship between echocardiographic findings and
prognosis. Moreover, there are no reports about
changes of cardiac function during pregnancy mea-

(e

o

ased

cardiographic changes in @ woman with dilated cardiomyopathy (DCM) dur-

e and history of ven-
\d-diastolic /end-sys-

» lal

A+ 0 sl
Al B8 weeks

D b)
Dd/Ds were 54/38 mm (FS, 29.6%) (c). Even in a mild DCM patient, peri-

sured by new echocardiographic techniques such as
tissue Doppler imaging and three-dimensional
echocardiography[30, 31]. Further investigations are
thus warranted.
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/,— Abstract \\

Maternal Heart Disease and Pregnancy

Japan’s maternal mortality rate is decreased, but during recent 10 years, it has not
been decreased around 6 per 100000 live births. Further more, we assume the
underreporting of pregnancy-related mortality in Japan. To solve this underreporting
system, we tried to use the method of record linkage. We estimated matermal mortality in
2005 by using this method.

As a result, maternal mortality was estimated to be 1.35 fold more than officially

reported, and maternal mortality rate increased from 5.7 to 7.4. (This statistics is permit-
ted by The Ministry of Health, Labour and Welfare). Further more, indirect maternal
death rate including maternal heart disease was much higher than direct maternal death
rate. From this point of view, health statistics is thought to be underreported.
So, we focused on the pregnancy with heart disease. We investigated the risk factors
which can be related to maternal mortality. We investigated retrospectively 1,387 preg-
nancies complicated with heart disease which have been managed in National Cardio-
vascular Center for past 26 years. Pregnancy with pulmonary hypertension (PH), di-
lated cardiomyopathy (DCM), Marfan syndrome is the high risk pregnancy which is
highly related to maternal death. In these three heart diseases, the risk factors which can
predict maternal mortality was investigated.

NYHA (New York Heart Association) class, pulmonary artery pressure by catheter-
ization or echocardiography could predict the maternal death in pregnancy with PH. In
pregnancy with DCM, decreased fractional shortening (FS) and peripartum onset could
be a high risk factor. In Marfan syndrome, the risk factors of dissection of aorta during
pregnancy are family history of sudden deaths or dissection of aorta. And an increased
diameter of valsalva sinus (more than 40 mm) in early trimester of pregnancy is also a
risk factor.

Tomoaki Ikeda, Reiko Neki
Department of Perinatology, National Cardiovascular Center
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FAZ, EERPOIFEIRIEDZE LIz 2V T
FLAZ(E3). 4d, MWMEDERE, L&
BT — T IVERFE TIA KB O FEH R EHIRIE A¢
25mmHg Ll b, HBWIE, LERBEEERT
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ERd, LA THITHEEEZLDDLE
BN, BREICICEAREE o2, LT
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0
R4 / R RN / 70T SEARTY / R A AT TERTRIA / 53R T
H3. HEMEEIC & 1 3 HERPOFBREOEL

4, PRLUHEC S SBETFRRTES LUTFER ::?;;iigg
ARoRENR NYHA GESENT- WM AMEE &%

F iz BIFRE FiaF R esese eeee ‘eeee
(n=15) (n=6) 5 ;::2::%3:3
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TR EIEH 03 1.7 i ;
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HAE AR (g)° 2,634 2,023
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518 - FAIRET 0/15 2/6
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30 Vol. XX VIII No.2 2008

=35L=



5T S ORAR

o THANE
o—— TiTAN
* fHRE DI L
(i

THRIE

PR AT tE bR i 1 T e b5 e ahiE Tt
455 H 67 A 7% B 82H 9~102H 1~62H |1-~5%

5. HEERUEICS T AERPOEEFREOTL

(mm)

o—— FHREE
—— FHETA
* HRERELTRE
s

8
67 B

6. HIRECEHEIC S U ERFPOESHLREMEOCETIE

i il it

4~5n H

i
7% B

7, BEOFHETFURATFELLLLIVERTD
HEEX BN

@A=IT 7 IEARRE

22028 41 % TR TF 1% R8¢ GERFRED 1 7HE
i) 3 & U BB (EBEANITIR) 12474 TIREY

Vol XXVIII No.2 2008
-352~

iR
8§42 8

ik
9~10% A

ERiE
1~6# B

FRIE
1~5%

L7z, BEXRBYESIITRT. HTUEDLMHE
Fl-HEELBO, 70, EERIEL, #
£ RIECIIRD T, o, BEFOH 54K
THED D 6] L I 7Tk, MEESR
FEROBEYEE - Bplidatttrady ), EiES

a1



EETDLRGR
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