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ABSTRACT
The need for cardiac surgery during pregnancy is rare. Only 1% to 4% of pregnancies are complicated by maternal heart
disease and most of them can be treated with medical therapy and lifestyle changes. Occasionally, whether due to the natural
progression of underlying heart disease or precipitated by cardiovascular changes in pregnancy, cardiac surgical therapy
should be considered. Cardiac surgery is inherently dangerous for both mother and fetus with mortality rates close to 10%

and 30%, respectively.

For some conditions, percutaneous cardiac intervention offers effective therapy with much less risk for the mother and her
fetus. For others, cardiac surgery, including procedures that require the use of cardiopulmonary bypass, should be considered
to save the mother's life. Given the extreme risks to the fetus, if the patient is in the third trimester, serious consideration
should be given to pre-operative delivery involving cardiopulmonary bypass. At earlier gestational ages, when this is not
feasible, modifications to the infusion protocol, including higher flow rates, normothermic perfusion, pulsatile flow, and the

use of intraoperative monitoring of the external fetal heartbeat should be considered.
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33%). Factors contributing to the high rates of fetal
INTRODUCTION

mortality include the timing of the operation, the urgency

Cardiovascular adaptations during pregnancy are usually of the operation, and the fetal/fetoplacental response to
well tolerated in healthy women. However, 2% to 4% of cardiopulmonary bypass. Modulation of the fetoplacental
women of childbearing age have some degree of response to cardiopulmonary bypass may prevent
concomitant heart disease, and these changes may placental dysfunction and sustained uterine contractions
compromise cardiac function. Of these, some who do not that underlie fetal hypoxia and acidosis.

respond to medical treatment may require surgical

correction. In this scenario, the maternal mortality rate In this article, we reviewed the cardiovascular adaptations
improved to levels similar to non-pregnant women. to pregnancy and the pathophysiological effects of
However, the fetal mortality rate remains high (up to cardiopulmonary bypass on the mother, fetus and
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fetoplacental unit, and talked about whether manipulating
these responses can help improve fetal outcome. Finally,
approaches to perfusion management and cardiac surgical
techniques  without extracorporeal circulation in

pregnancy were made.

Khandelwal et al. [1] points out that approximately 2% to
4% of women of childbearing age have concomitant heart
disease. According to Abbas (2005) [2], congenital heart
disease (CHD) is responsible for most structural heart

diseases that affect women of childbearing age.

Abbas [2] also points out that the acquired heart disease
observed during pregnancy is mainly valvular in nature,
usually a consequence of rheumatic fever. Although
rheumatic fever is decreasing in developed countries, it
remains a serious problem in the developing world.
Immigrants also form a high-risk population, especially
those who are unaware of the risks inherent in heart
disease during pregnancy or unaware of the presence of
any heart disease. In this regard, mitral stenosis is the

most commonly found lesion.

Abbas [2] further states that although its incidence is
declining, aortic valve disease is less common: aortic
incompetence is usually a consequence of endocarditis (1
in 8,000 pregnancies) or aortic dissection, in which case
there may be tissue disease. Underlying connective tissue
such as Marfan syndrome. Thus, significant aortic

stenosis is uncommon in this age group.

Parry [3] points out that ischemic events during
pregnancy are rare. The incidence of myocardial
infarction is approximately 1 in 10,000 pregnancies.
Mabie [4] states that infarction is usually secondary to
underlying coronary artery disease, although spontaneous
coronary artery dissection appears to be more common
during pregnancy and accounts for 30% of all myocardial

infarctions seen in pregnancy.

MATERNAL AND FETAL PREDICTORS
Siu [5] highlights that heart disease in the mother is the

leading cause of maternal death during pregnancy. Of
these patients, 25% have congenital heart disease. In a
large prospective multicenter study on pregnancy
outcomes among women with heart disease, adverse
cardiovascular events were observed in 13% of patients.
Independent predictors of maternal cardiac complications
included previous cardiac events, functional class I11/1V,
left heart obstruction, and left ventricular systolic
dysfunction. Neonatal complications were observed in
20% and were associated with functional class or poor

cyanosis, left heart obstruction or smoking.

Klairy [6] says that a recent prospective observational
study in pregnant patients with congenital heart disease
found that both cardiac complication and neonatal
complication rates were considerable in these women. In
mothers, right sub-pulmonary ventricular systolic
dysfunction and severe pulmonary regurgitation were

predictors of an adverse fetal outcome

Drenthen [7], in his bibliographic review, describes that
the results of 2,491 pregnancies among women with
structural heart disease (congenital heart disease), were
observed substantial cardiac complications in 11% of
pregnancies. Obstetric complications do not appear to be
more prevalent except for hypertensive disorders and
thromboembolic events. In patients with complex CHD,
rates of preterm delivery ranged from 22% to 65%, and

neonates were lower than normal for gestational age.

MATERNAL CARDIOVASCULAR CHANGES
DURING PREGNANCY

In the presence of maternal heart disease, circulatory

changes in pregnancy may result in decompensation and

death of the mother or fetus. Pregnancy produces changes
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in the cardiovascular system that have profound
implications for heart surgery. Cardiac output increases
markedly by the end of the first trimester, followed by a
more gradual increase of 30% to 40% above baseline until
the third trimester partly due to an increase in stroke
volume and heart rate. In most patients, this
hyperdynamic situation results in mild midsystolic

murmur [8].

Diastolic murmurs may be normal, but deserve further
investigation. At the end of pregnancy, compression of
the lower uterine vena cava in the supine position
decreases venous return and reduces cardiac output.
Relief of vena cava compression is easily achieved by

positioning the patient in the left lateral position.

Systemic and pulmonary vascular resistance falls due to
the effects of circulating prostaglandins in addition to
other hormones and the poor resistance of the placental
circulation. This lowers blood pressure during the first
half of pregnancy, but pressure tends to increase in the
second half [9].

Blood volume increases with a concomitant increase in
plasma volume and red blood cell volume. Plasma
volume expands by approximately 40% at term, when red
cell mass increases by about 20%. Consequently, there is

a drop in hematocrit and blood viscosity [10].

Hemoglobin's oxygen carrying capacity is increased by a
right shift on the oxygen dissociation curve. Pregnancy
induces a procoagulant state with a 2-fold increase in
fibrinogen level and an increase in factors V, VII, VIII,
IX, and X, which has teleological advantage as it helps in
hemostasis and reduces blood loss, during childbirth. In
addition, this state ensures the optimal supply of oxygen

and nutrients to the mother and fetus.

RESPONSES TO CARDIOPULMONARY BYPASS

Maternal

As the circulation of pregnant women has already
undergone significant changes, the additional effect of
cardiopulmonary bypass (CPB) induces a non-
physiological hemodynamic state that may adversely
affect the mother during cardiac surgery. This effect is
amplified by simultaneous changes in the cellular and
protein components of the blood. Hemodilution and
changes in coagulation, complement activation, release of
vasoactive substances by leukocytes, gas embolism and
hypotension during CPB are further added to the
deleterious effect. However, these effects are relatively
well tolerated by the mother, as the maternal mortality
rate associated with CPB in pregnant women is similar to
that of non-pregnant women undergoing CPB-like cardiac

procedures [3].

Uterine

Sustained uterine contractions during cardiac surgery and
CPB are accepted as the most important cause of fetal
death. Sustained uterine contractions reduce uterine blood
flow and interventional perfusion, resulting in
fetoplacental insufficiency and subsequent fetal hypoxia.
Cardiopulmonary bypass has other potentially deleterious
effects on the uterus during pregnancy. Both cooling and
reheating phases are associated with increased sustained
uterine contractions. This observation is supported by the
fact that there is a noticeably higher fetal mortality rate
with hypothermic CPB than with normothermic CPB [3].

Uterine muscle excitability is probably increased by
hormonal dilution, especially by progesterone dilution.
Postoperative progesterone administration successfully

eliminated preterm labor [11].

Fetoplacental shunt
Experimental studies of fetal CPB provided much

information on the fetoplacental response, which could
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shape future management of CPB in pregnant women.
Studies in sheep have repeatedly shown that standard non-
pulsatile flow perfusion rapidly causes severe placental
dysfunction dominated by a strong vasoconstrictor
reaction. Vasodilators have been used with some success
to overcome this increase in placental vascular resistance,
producing improvement in both placental blood flow and
acidosis [12].

A study of the human placenta under physiological
conditions reveals that an active fetal renin-angiotensin
system can modulate placental perfusion in vivo.
Endothelial dysfunction is a cause or an effect of
excessive renin-angiotensin activity that has yet to be
resolved. Lactate levels during CPB pulsatile flow were
stable, while a continuous increase is observed with non-
pulsatile CPB. Manipulation of the fetal lamb during CPB
has been shown to produce significant lactic acidosis; this
was considered as a result of metabolic debt of fetal

stress, and anesthesia [13].

Since lactate release into the maternal circulation was
similar between the beginning and the end of CPB, the
increase in fetal lactate probably originated from within
the fetus. The placenta plays an important role in
regulating circulating lactate levels under hypoxic
conditions, thus allowing the fetus to maintain stable
lactate levels. However, a reduction in placental perfusion

prevents lactate clearance in the fetal circulation [14].

Fetal

The fetal mortality rate during maternal cardiac surgery
with CPB ranges from 16% to 33%. Increased gestational
age and increased hypothermia are factors known to
increase fetal morbidity during CPB. Unfortunately, little
experimental evidence is available on the fetal response to
maternal CPB. Fetal cardiac monitoring usually shows

that the onset of CPB is bradycardia, which in most cases

reverts to sinus rhythm immediately after CPB cessation
[15].

Alternatively, an initial tachycardia may occur,
accompanied by an increase in blood pressure. Fetal
bradycardia observed after the onset of CPB is corrected
by increased blood flow and the restoration of maternal
circulation upon CPB discontinuation. The mechanism of
this bradycardic response is unknown, but several causes
have been postulated, including fetoplacental dysfunction,
fetal hypoxia and acidosis, maternal hypothermia, and
drugs that cross the placental barrier, such as 3-adrenergic
blockers [16].

Fetal hypoxia during CPB may be a consequence of
hemodilution, as hemodilution reduces the oxygen
content in the maternal blood. Other causes of fetal
hypoxia include reduced uterine perfusion pressure and

increased uterine vascular resistance [17].

Because placental blood vessels are maximally dilated
during pregnancy, uterine blood flow is not self-
regulating but directly depends on maternal mean arterial

pressure and uterine vascular resistance.

Decreased maternal blood pressure may result in fetal
bradycardia shortly before the onset of CPB. Maternal
hypotension soon after cardiopulmonary bypass is caused
by decreased systemic vascular resistance caused by
reduced flow rate, hemodilution, and release of vasoactive
substances, which may result in a significant reduction in

placental perfusion [18].

Cardiac fetal decelerations observed during CPB are
probably caused by reduced blood flow to the
interventional spaces and the resulting fetal hypoxia.
Factors such as non-pulsatile flow, uterine arteriovenous
bypass, and obstruction of venous drainage by

cannulation of the inferior vena cava, particulate and gas
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emboli, and spasm of the uterine artery may reduce

placental circulation and lead to fetal hypoxia.

When CPB is prolonged, there is a significant risk that the

fetus will develop a prolonged bradycardic response.

Changes in fetal heart rate may be observed even when
maternal circulation, acid-base balance and perfusion
pressure are stable. Therefore, it has been postulated that
these changes are related to the narcotic effect of drugs
used during anesthesia. Vasoconstrictors may reduce
uteroplacental flow (direct evidence of this is lacking) and
should be avoided, although phenylephrine and ephedrine

are considered safe during pregnancy [19].

SURGICAL ISSUE

The principles for the management of pregnant patients

undergoing cardiac surgery with CPB are similar to those
of pregnant women undergoing surgical intervention.
These include: attention to maternal well-being,
prevention of teratogenic drugs, prevention of intrauterine
hypoxia and prevention of premature labor. In addition,
strong consideration should be given to the administration
of maternal corticosteroids to initiate endothelial
membrane stability and fetal lung maturation, which can
substantially improve fetal outcome if delivery occurs
after CPB [20].

In summary, the main concerns in optimal management of
pregnant patients undergoing CPB are temperature
control, perfusion pressure, and the nature of bypass flow.
Current evidence favors the maintenance of normothermic
CPB, avoiding the use of vasoconstrictors (which may
have a profound effect on the placental unit) and
maintaining high hematocrit rates and high blood flow
rates. Fetal hypoperfusion and hypoxia may also be
alleviated by the use of pulsatile perfusion. Other

adjuncts, such as the use of arterial line filters or

leukocyte depletion filtration, have not been evaluated in

the specific context of pregnant patients [21].

Extracorporeal Circulation

Aggarwal et al. [22] reported that closed mitral valvotomy
offers excellent results, comparable to non-surgical
treatments; it is still the procedure of choice in certain

parts of the world.

Myocardial revascularization without cardiopulmonary
bypass is a safe and accepted technique for coronary
revascularization; however, its role in pregnancy needs
further evaluation. The current medical literature contains
only 1 documented case of myocardial revascularization
during pregnancy - that of a 32-years-old woman at the
22" week of gestation who had a spontaneous dissection
of the left anterior descending artery and subsequently

delivered a healthy baby at term.

Hemodynamic instability during unsupported myocardial
revascularization (CABG) surgery - involving a decrease
in mean systemic blood pressure and an increase in mean
pulmonary  pressure  during distal  anastomosis
construction and heart manipulation to gain access to the
lateral and posterior branches - may not be well tolerated
by pregnant patients and could cause significant placental
malfunction. However, if only one anterior target (such as
the anterior descending coronary artery territory) is
grafted, this can usually be accomplished with minimal
hemodynamic compromise and avoid all risks inherent to
CPB, such as hemodilution, systemic inflammatory

response to CPB and increased risk of bleeding [23].

To deepen our understanding of the placental and
fetoplacental ~ response to  off-pump  myocardial
revascularization surgery, it is useful to look at how other
vascular beds, such as splanchnic circulations, behave
during off-pump coronary artery bypass grafting (CABG).
If we hypothesize that splanchnic and fetoplacental

circulations will respond similarly to hemodynamic
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insults during CPB myocardial revascularization surgery,
much can be learned by observing splanchnic and
gastrointestinal physiology during cardiac operations. L-
lactate concentration has been significantly higher in the
intestinal mucosa of patients undergoing myocardial
revascularization with CPB than without CPB [23].

This supports the view that without CPB produces less

dysfunction in these vascular beds than CPB.

When Fiore et al. [24] examined upper mesenteric blood
flow during myocardial revascularization, they found that
cardiac manipulation to gain access to the lower and
lateral walls caused hemodynamic changes that resulted
in significant mesenteric hypoperfusion. Such information
can help us plan the approach to revascularization we
want to perform in pregnant patients who develop

spontaneous coronary artery dissection.

CONCLUSION

Spontaneous single vessel or two vessel dissections,

particularly in the anterior descending territory or right
coronary artery territory, are probably the best candidates
for off-pump surgery: The use of CPB in these instances
avoids manipulation of the heart to reach the posterior
artery and inferior, thus avoiding hemodynamic instability

and its effects on fetoplacental circulation.

More observational data should be collected in the context
of myocardial revascularization in pregnancy, with
particular attention to responses. Fetal and maternal
cardiovascular diseases, before myocardial
revascularization can be safely recommended as the ideal

therapy for this challenging group of patients.
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