
Review Article

Cardiac Surgery in the Parturient

Shobana Chandrasekhar, MD

Christopher R. Cook, DO

Charles D. Collard, MD

Heart disease is the primary cause of nonobstetric mortality in pregnancy,
occurring in 1%–3% of pregnancies and accounting for 10%–15% of maternal
deaths. Congenital heart disease has become more prevalent in women of child-
bearing age, representing an increasing percentage (up to 75%) of heart disease in
pregnancy. Untreated maternal heart disease also places the fetus at risk. Indepen-
dent predictors of neonatal complications include a maternal New York Heart
Association heart failure classification �2, anticoagulation use during pregnancy,
smoking, multiple gestation, and left heart obstruction. Because cardiac surgical
morbidity and mortality in the parturient is higher than nonpregnant patients,
most parturients with cardiac disease are first managed medically, with cardiac
surgery being reserved when medical management fails. Risk factors for maternal
mortality during cardiac surgery include the use of vasoactive drugs, age, type of
surgery, reoperation, and maternal functional class. Risk factors for fetal mortality
include maternal age �35 yr, functional class, reoperation, emergency surgery,
type of myocardial protection, and anoxic time. Nonetheless, acceptable maternal
and fetal perioperative mortality rates may be achieved through such measures as
early preoperative detection of maternal cardiovascular decompensation, use of
fetal monitoring, delivery of a viable fetus before the operation and scheduling
surgery on an elective basis during the second trimester. Additionally, fetal
morbidity may be reduced during cardiopulmonary bypass by optimizing mater-
nal oxygen-carrying capacity and uterine blood flow. Current maternal bypass
recommendations include: 1) maintaining the pump flow rate �2.5 L � min�1 � m�2

and perfusion pressure �70 mm Hg; 2) maintaining the hematocrit � 28%; 3) using
normothermic perfusion when feasible; 4) using pulsatile flow; and 5) using �-stat
pH management.
(Anesth Analg 2009;108:777–85)

Heart disease is the primary cause of nonobstetric
mortality in pregnancy occurring in 1%–3% of preg-
nancies and accounting for 10%–15% of maternal
mortality.1,2 Congenital heart disease (CHD) has be-
come more prevalent in women of childbearing age
representing an increasing percentage (up to 75%) of
heart disease in pregnancy.2 Although maternal car-
diac disease results in only 15% of obstetric intensive
care unit admissions, affected patients account for
nearly 50% of maternal intensive care unit deaths.3

Untreated maternal heart disease also places the
fetus at risk. A prospective study on pregnancy out-
comes in women with heart disease identified several
independent predictors of neonatal complications, in-
cluding a maternal New York Heart Association
(NYHA) heart failure classification �2, anticoagulation
use during pregnancy, smoking, multiple gestation,

and left-heart obstruction.4,5 In this study, premature
delivery and/or small for gestational age infants oc-
curred in 20% of the patients.4 Additionally, the rates
of neonatal miscarriage and complications, such as
intraventricular hemorrhage and death, occur more
commonly in pregnant patients than those without
cardiac disease.5

Because cardiac surgical morbidity and mortality in
the parturient (Table 1) is higher than nonpregnant
patients, most parturients with cardiac disease are first
managed medically, with cardiac surgery being re-
served when medical management fails. Risks to the
fetus during maternal cardiac surgery are high, with
reports of fetal morbidity and mortality as high as 9%
and 30%, respectively.6 The practicing anesthesiologist
must have a firm understanding of the perioperative
management of these complex, high risk patients. We
review common conditions that occur in women with
cardiac disease during pregnancy and provide recom-
mendations for perioperative management of the par-
turient undergoing cardiac surgery.

CARDIOVASCULAR CHANGES OF PREGNANCY
Several fundamental alterations occur in the cardio-

vascular and pulmonary systems during pregnancy
that improve oxygen and nutrient flow to the fetus in
utero. In a parturient with preexisting heart disease,
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these physiological adaptations to pregnancy can
eventually lead to cardiopulmonary collapse. Such
maternal changes include increased intravascular vol-
ume, cardiac output (CO), and heart rate, along with
decreased systemic vascular resistance (SVR). Further-
more, these changes may be aggravated by the physi-
ologic anemia of pregnancy (disproportionate increase
in plasma volume compared to red cell mass) and by
aortocaval compression that occurs after 24 wk gesta-
tion. Moreover, during labor each uterine contraction
results in an autotransfusion of blood that, coupled
with pain and anxiety, can increase the CO as much as
40% above that seen in late pregnancy. Immediately
after delivery, CO significantly increases further be-
cause of mobilized extracellular fluid and of increased
venous return because of relief of venocaval compres-
sion by the enlarged uterus. Thus, it is not surprising
that the majority of obstetric patients who die with
cardiac disease do so after delivery because of the
increased demands upon the cardiovascular system.
Lastly, the hypercoagulable state associated with
pregnancy can increase the risk of thrombosis in
diseased or prosthetic valves, and in dilated, poorly
contracting hearts.

INDICATIONS AND CONSIDERATIONS FOR
SURGICAL INTERVENTION

Cardiovascular maternal morbidity and mortality
during pregnancy correlate strongly with maternal func-
tional status.7–9 Four major risk factors predict adverse
maternal outcomes: 1) a history of transient ischemic
attack, stroke, or arrhythmia; 2) a NYHA heart failure
classification of three or four before onset of pregnancy;
3) left-heart obstruction (e.g., mitral valve area �2 cm2,
aortic valve area �1.5 cm2, peak left outflow gradient �
30 mm Hg); and 4) a left ventricular (LV) ejection fraction
�40%.1 Indeed, in patients with a NYHA heart failure
classification of three or four before pregnancy, maternal
morbidity, and mortality may be as high as 50%, and
15%–55% of patients will have a deterioration in func-
tional status during pregnancy.7 Furthermore, the risk of
maternal complications increases proportionately with
the number of risk factors identified.10 When more than
one risk factor is present, the incidence of maternal

complications increases to nearly 75%.10 Common com-
plications include pulmonary edema, arrhythmias, myo-
cardial infarction, cardiac failure, stroke, and death.
Thus, not only is there a need to counsel women with
known preexisting cardiac disease, attention must also
be paid to screening women before pregnancy for evi-
dence of cardiac risk factors, and for cardiac disease that
develops de novo during pregnancy.8

Valvular Heart Disease
Mitral valve disease remains the most common

valvular disorder requiring surgery during preg-
nancy. Women who have chronic mitral or aortic
regurgitation will commonly experience an improve-
ment in symptoms as the pregnancy-associated de-
creases in SVR and increased heart rate reduce the
regurgitant fraction.11 Surgical therapy for regurgitant
lesions is only required in the most severe cases.

In contrast, women with severe stenotic lesions re-
quire close monitoring by both their obstetricians and
their cardiologists, especially during the third trimester,
labor and delivery, and the early postpartum period.11

The consequences of mitral stenosis worsen during
pregnancy because of the tachycardia, increased CO,
and increased blood volume causing increased transmi-
tral flow and decreased diastolic filling time. In severe
cases, cardiac decompensation and pulmonary edema
may result. Medical therapy with �-blockers, diuretics,
and digoxin to control the ventricular response is the
first line of management. When the valve area is �1.5
cm2, the severity of mitral stenosis might require a
percutaneous balloon valvotomy which, when done in
experienced centers, has a low complication rate (albeit
this may be a temporizing measure). This is preferred
over closed mitral commissurotomy, which has a mater-
nal and fetal mortality rate of 2.5% and 7%, respec-
tively.12 If the valve is calcified and nonpliable, balloon
mitral valvotomy cannot be performed, and mitral valve
replacement with cardiopulmonary bypass (CPB) may
be necessary. Whenever possible the baby should be
delivered before valve replacement surgery because of
the high fetal mortality during cardiac surgery. Cardiac
surgery should be reserved for patients with mitral valve
disease and severe pulmonary arterial (PA) hyperten-
sion, especially if there is multivalvular disease.11

Aortic stenosis in pregnant patients is usually due
to bicuspid aortic valve. The hemodynamic changes of
pregnancy increase the risk of myocardial decompen-
sation, particularly if the valve area is �1 cm2. Devel-
opment of dyspnea, syncope, angina, and arrhythmias
indicate critical LV outflow obstruction and surgical
intervention, such as balloon valvuloplasty or valve
replacement, must be considered.

Peripartum Cardiomyopathy
Peripartum cardiomyopathy (PPCMP) is the fifth

leading cause of maternal death, with a mortality rate of
20%–50%. A report from the United Kingdom docu-
mented that PPCMP is the most common maternal cause

Table 1. Cardiac Surgical Procedures and Maternal Outcomes6

Surgical indication

Maternal
morbidity

(%)

Maternal
mortality

(%)
Valvular disease 19 9
Aortic dissection 34 22
Aortic aneurysm 41 0
Prosthetic valve dysfunction 23 9
Congenital anomaly 17 0
Pulmonary

thromboembolism
44 22

Cardiac tumor 43 0
Coronary artery disease 75 0

778 Cardiac Surgery in the Parturient ANESTHESIA & ANALGESIA



of cardiac death, followed by myocardial infarction and
aortic dissection.13 New onset LV systolic dysfunction in
the last month of pregnancy, or within 5-mo postpartum,
with no determinable cause and the absence of prior
heart disease is indicative of PPCMP. Furthermore, the
risk of recurrent PPCMP is increased in subsequent
pregnancies if cardiomegaly persists.14

Afterload reduction with hydralazine or amlodip-
ine before delivery is useful for PPCMP management.
However, angiotensin converting enzyme (ACE) in-
hibitors and amiodarone should be avoided during
pregnancy as they may adversely affect fetal renal
function, although they may be useful after delivery if
the patient is not breast feeding.15 Fluid reduction,
inotropes, bed rest, and anticoagulation before deliv-
ery should be considered. Phosphodiesterase inhibi-
tors have been used with some success.16 Recently, it
was reported that some postpartum cardiomyopathy
patients benefited from bromocriptine-induced inhibi-
tion of prolactin release.17 Although not yet proven,
there are also anecdotal reports of patients with active
myocarditis benefiting from immunosuppressive
therapy with pooled polyclonal human antibodies.18

Delivery of the fetus often relieves the stress on the
maternal hemodynamics. Vaginal delivery by elective
induction at term, with close invasive hemodynamic
monitoring and administration of inotropes and vaso-
dilators as needed is recommended, and requires close
communication between the obstetrician, anesthesi-
ologist, and intensivist.19 Cardiac transplant should be
considered if medical therapy and delivery are inef-
fective. Five-year maternal survival rates are
60%–88%, with a higher incidence of early rejection
and infection as compared to idiopathic dilated car-
diomyopathy.20,21 Intraaortic balloon pumps and ven-
tricular assist devices have been successfully used as a
bridge-to-transplant.22,23

Ischemic Heart Disease
Ischemic heart disease occurs in 1 in 10,000 preg-

nancies.8 Risk factors for myocardial infarction in
pregnancy include older age, smoking, diabetes, hy-
pertension, IV ergometrine use, cocaine abuse, and
severe hemorrhage. Early diagnosis and therapy are
important to reducing maternal morbidity and mor-
tality. As the maternal mortality rate in the setting of
an acute myocardial infarction is as high as 50%, it has
been suggested that delivery should be avoided for 2
wk postinfarction. 24 Interventions like coronary stent-
ing and angioplasty have been successful, with coro-
nary artery bypass graft surgery being reserved for
pregnant patients who are otherwise not good candi-
dates. Tissue plasminogen activator may be adminis-
tered for thrombolysis, as it has a short half-life (5 min)
and does not cross the placenta.8 Hemodynamic moni-
toring, oxygen supplementation, �-blockade, and pain
control are all effective strategies to optimize myocar-
dial oxygen consumption during surgery.8

Arrhythmias
The effects of common antiarrhythmics in preg-

nancy are shown in Table 2. Electrical cardioversion is
generally safe during pregnancy.25–27 Firm application
of paddles, adequate sedation, and aspiration prophy-
laxis are important considerations. The energy needed
for defibrillation is unchanged in pregnancy, and
there is no evidence that maternal defibrillation ad-
versely affects the fetal heart.25–27 In paroxysmal su-
praventricular tachycardia, adenosine is the drug of
choice if vagal maneuvers are unsuccessful.27 Cardio-
selective �-blockers may also be useful, although
esmolol has been associated with fetal bradycardia.28

Amiodarone use is controversial as it may adversely
affect fetal renal function.15

The compromise in venous return by the gravid
uterus after 20 wk can precipitate maternal cardiac
arrest in a patient with severe heart disease.29,30 A 15°
uterine tilt, manually or by mechanical means, should
be done immediately. A higher hand position for chest
compression may be needed to adjust for the elevated
diaphragm and abdominal contents. Ventricular ar-
rhythmias can be treated with IV lidocaine, procain-
amide, or cardioversion. The most recent guidelines
for cardiopulmonary resuscitation in pregnancy sug-
gest early cesarean delivery of a fetus �24 wk gesta-
tion. Advanced Cardiac Life Support drugs should
use standard doses during pregnancy.26,27

Congenital Heart Disease
A recent review of 2500 pregnant women with

CHD revealed that 11% had cardiac complications,
15% had spontaneous abortions, and 5% electively
terminated their pregnancies.7 Moreover, fetal out-
comes were significantly worsened, with high prema-
ture mortality rates.7

Aortic Coarctation
Uncomplicated, uncorrected aortic coarctation car-

ries a low-maternal mortality risk (3%) but can be
higher with coexisting hypertension or other cardiac
anomalies.5 The most severe complication is aortic
dissection and rupture, particularly in the third tri-
mester.5 Other complications include congestive heart
failure and bacterial endocarditis. Coarctation is also
associated with a frequent incidence of bicuspid aortic
valve, aneurysms of the Circle of Willis, ventricular
septal defect, and Turner syndrome. Anesthetic man-
agement should be focused on maintaining the SVR,
heart rate, and intravascular volume.8 Placement of
invasive hemodynamic monitoring in a postductal
location may provide a better estimate of intravascular
volume status, arterial blood pressure, and uterine
perfusion.8

Septal Defects
Pregnancy in patients with left-to-right shunts is

generally well tolerated in patients with good ventricu-
lar function, no pulmonary hypertension, and small
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shunt fractions. However, larger shunts can lead to
progressive LV dysfunction, pulmonary hypertension,
shunt reversal, and paradoxical emboli. In Eisenmenger
syndrome, pregnancy is associated with 40% maternal
mortality, with 80% of deaths occurring postpartum.6 If
surgical closure of the septal defect is necessary, these
patients should receive endocarditis prophylaxis, air
filters should be placed on all IV lines to avoid paradoxi-
cal emboli and, in the case of severe right-to-left shunt-
ing, maternal SVR and oxygenation maintained

throughout the procedure.31 Pulmonary vasodilation
using inhaled nitric oxide has had minimal impact on
maternal survival.32

Tetralogy of Fallot
Tetralogy of Fallot is the most common form of

cyanotic CHD. Patients who have had a previous
tetralogy correction usually tolerate pregnancy well.
In contrast, women with uncorrected tetralogy or
those with major residual defects have a high rate of

Table 2. Effect of Antiarrhythmics in Pregnancy35

Class Maternal effect Fetoplacental effect
Safety
profile Indication

Class Ia
Quinidine Oxytocin-like effects, depresses

pseudocholinesterase activity
(60%), potentiates the effect
of ester local anesthetics

Thrombocytopenia; 8th
nerve toxicity

C SVT

Procainamide Lupus-like syndrome Good safety profile C SVT/VT
Disopyramide Oxytocin-like effects, promotes

uterine contractions
No adverse effects in fetus C SVT

Class Ib
Lidocaine Neurological and

cardiovascular toxicity in
large doses

Ion trapping in the fetus B VT

Mexiletine Nausea, vomiting, dizziness,
tremor

Fetal bradycardia, neonatal
hypoglycemia, small for
gestational age, low
Apgar scores

C VT

Tocainide Nausea, vomiting, tremor,
paresthesias, confusion,
frank psychosis, increased
liver enzymes, lupus like
syndrome, agranulocytosis

C VT

Class Ic
Flecainide Mild side effects No adverse effects C SVT

Class II
�-Blockers Increased uterine tone Fetal bradycardia, IUGR,

Neonatal hypoglycemia,
apnea

C SVT/VT

Class III
Amiodarone Hypothyroidism Fetal hypothyroidism

small for gestation,
prematurity,
neurodevelopmental
problems

D

Sotalol Bradycardia Relatively better safety
profile

B SVT/VT

Class IV
Ca2�-channel

blockers
Hypotension, uterine atony,

enhances effect of
magnesium, cardiac
depression

No adverse effects
reported

C SVT

Miscellaneous
Digoxin Close maternal monitoring to

prevent toxicity
Safe extensive experience;

low birth weight
reported.

C SVT

Adenosine Chest pressure, dizziness,
headache

Limited data; lack of
teratogenic or adverse
side effects; occasional
fetal bradycardia
reported

C SVT

Food and Drug Administration Drug Risk Classification: A, Controlled studies show no risk; B, No evidence of risk, either animal studies show risk, but humans do not, or animal studies do not
show risk and no adequate human studies; C, Studies in pregnant women are lacking and animal studies are positive or lacking; D, Positive evidence for risk.
SVT � supraventricular tachycardia; VT � ventricular tachycardia; IUGR � Intrauterine Growth Retardation.
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spontaneous abortion and prematurity, and the in-
fants are often small for gestational age and have an
increased frequency of CHD.8 The increased physio-
logical demands of pregnancy and effort of labor can
increase right-to-left shunting, resulting in maternal
cyanosis, and fetal hypoxemia. In such situations,
delivery by cesarean delivery using general anesthesia
is preferred, making sure the mother is adequately
hydrated, avoiding systemic vasodilation and pulmo-
nary vasoconstriction, adequately replacing blood loss
and maintaining adequate right ventricular filling
pressures.8

Aortic Disease
Patients with Marfan syndrome or a bicuspid aortic

valve may develop aortic root dilation and dissection
secondary to the hyperdynamic and hypervolemic
state associated with pregnancy. The incidence of
acute Type A dissection in Marfan patients is in-
creased when the aortic root dilation is �4 cm or there
is a rapid increase in aortic size.8 Delivery of a viable
fetus (�24 wk gestation) is preferable before undergo-
ing emergency aortic dissection repair. In situations in
which the fetus is not viable, the mother’s condition
takes priority and emergency dissection repair should
be performed with the parents’ informed consent that
the fetus will likely poorly tolerate CPB and deep
hypothermic circulatory arrest.

PERIOPERATIVE EVALUATION AND MONITORING
Fetal and Uterine Monitoring

Fetal monitoring during and after cardiac surgery is
an individualized decision that requires consultation
between the anesthesiologist, obstetrician, neonatolo-
gist, and cardiovascular surgeon. Fetal heart rate
(FHR) monitoring should be considered after 18 wk
gestation, but technical difficulties because of fetal
size, position, and maternal obesity may prevent con-
sistent and accurate monitoring.30 After 22 wk gestation,
intraoperative fetal monitoring is generally indicated
when feasible, with some authors advocating external
tococardiographic FHR monitoring as the standard of
care.33 FHR monitoring requires a qualified individual
to interpret the tracing, and a preoperative agreed
upon plan of action with regard to how a nonreassur-
ing tracing will be managed.33 Potential causes of fetal
bradycardia during surgery include hypotension,

hypoxia, uterine contractions, decreased uterine blood
flow, maternal malpositioning, medications, and hy-
pothermia. Persistent fetal bradycardia should be
treated aggressively by optimizing maternal oxygen
saturation, increasing CPB blood flow, correcting any
acid-base abnormalities, minimizing anesthetic depth,
replenishing fetal glycogen stores (i.e., avoiding ma-
ternal hypoglycemia) and, in the situation of a viable
fetus, surgical delivery by an obstetrician.

Monitoring of uterine contractions can also be
performed. If uterine contractions are detected, mater-
nal intravascular volume can be increased and toco-
lytic treatment instituted after consulting with the
obstetrician and cardiac surgeon. Table 3 lists poten-
tial maternal and fetal cardiovascular side effects of
commonly used tocolytic drugs.

Invasive Hemodynamic Monitoring
Invasive hemodynamic monitoring may be altered in

the parturient. For example, unlike the healthy, nonpreg-
nant patient for which the central venous pressure and
pulmonary capillary wedge pressure are roughly
equivalent, there may be poor correlation between these
central pressures because of the physiological changes of
pregnancy, especially in patients with pregnancy-
induced hypertension.34 If assessment of LV preload is
necessary, transesophageal echocardiography and/or
insertion of a PA catheter may be useful. Common
indications for a PA catheter in the parturient undergoing
cardiac surgery include severe mitral or aortic valvu-
lar stenosis, NYHA Class 3 or 4 heart disease, intra-
operative or intrapartum cardiac failure, refractory
pulmonary edema, adult respiratory distress syn-
drome, and preeclampsia with refractory oliguria or
pulmonary edema.3 Very little data are available on
the PA catheter complication rate in pregnant women.
If PA catheters are deemed useful for cardiac surgery,
the parturient should be treated no differently than
the nonpregnant patient, with PA catheter use being
individualized per patient and physician.3

Echocardiography
Transthoracic or transesophageal echocardiogra-

phy can provide invaluable information about the
type and severity of cardiac lesions in pregnancy.
Cardiac chamber enlargement, annular dilation, func-
tional multivalvular regurgitation, particularly in the

Table 3. Maternal and Fetal Cardiovascular Side Effects of Commonly Used Tocolytic Drugs

Tocolytic agent Maternal side effects Fetal side effects
Magnesium Hypotension and Cardiovascular collapse (narrow

therapeutic index) Pulmonary edema, increased
sensitivity to nondepolarizing relaxants

Loss of beat-to-beat variability

Beta-adrenergic drugs Tachycardia, decreased systemic vascular
resistance, hypokalemia, pulmonary edema

Fetal tachycardia

Nitroglycerin Decreased preload with hypotension, pulmonary
edema (?)

Prostaglandin inhibitors Prolonged bleeding time Premature closure of ductus arteriosus
Uterine atony can occur with all these drugs, with increased risk of bleeding after cesarean section.
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right-sided valves, are all considered normal in the
late stages of pregnancy and should be borne in mind
when interpreting echocardiographic findings.8 One
study showed that echocardiography significantly
over-estimated PA pressures compared with catheter-
ization in pregnant patients with suspected pulmo-
nary hypertension.34 Indeed, 32% of pregnant patients
with normal PA pressures may be misclassified as
having PA hypertension when measured by echocar-
diography alone.34 Nonetheless, echocardiography
may be extremely valuable for evaluating the com-
pleteness of surgical repair or ventricular function
post-CPB, especially when the findings are correlated
with a PA catheter.

ANESTHETIC MANAGEMENT
Impact of Pregnancy on Drug Pharmacokinetics
and Pharmacodynamics

The physiologic changes of pregnancy alter cardio-
vascular, gastrointestinal, hematologic, hepatic, and
renal function, resulting in altered maternal drug
pharmacokinetics and pharmacodynamics (Table 4).35

The net effect is increased variability of unbound drug
concentrations during a dosing interval, with in-
creased risk of drug toxicity at the beginning, and
potential loss of therapeutic effect at the end. In
general, drug transfer across the placenta obeys Fick
Law of diffusion.35 Therefore, the drug concentration
gradient from the maternal-to-fetal circulation, and
the placental surface area and membrane thickness,
significantly influence the amount of drug that reaches
the fetus. Additionally, medication properties, includ-
ing molecular weight, lipid solubility, maternal-fetal
pH difference, and degree of ionization influence drug
diffusion to the fetal circulation.35 Thus, drugs often
require more frequent dosing, without a change in the
total daily maternal dosage.

Anticoagulation in Pregnancy
The effects of many drugs commonly used during

the perioperative period on pregnancy are shown in

Table 5. Potential indications for anticoagulation during
pregnancy include deep venous thromboembolism,
mechanical heart valves, new onset atrial fibrillation,
dilated cardiomyopathy, and during CPB. Oral anti-
coagulation with warfarin has the lowest incidence of
maternal mortality and thromboembolism, with the
caveat that warfarin use in the first trimester can cause
fetal growth retardation, spontaneous abortion, and
embryopathy.36 Additionally, warfarin has been re-
ported to be associated with premature birth and fetal
and placental hemorrhage in the third trimester.36

Unfractionated heparin and low molecular weight
heparin (e.g., enoxaparin) do not cross the placenta
and have no teratogenic effects on the fetus but are not
as effective as warfarin in preventing thrombosis.37 A
widely accepted method is to use heparin in the first
trimester of pregnancy, and then switch to warfarin
for the remainder of pregnancy until 36 wk when
heparin can be reinstated until delivery.38 For the
purposes of CPB, heparin may be safely used in
the usual doses for anticoagulation without risk to the
fetus.29,30

CPB Management
CPB may have deleterious effects on uteroplacental

blood flow (UBF) and the fetus that may be exacer-
bated by activation of inflammatory processes, non-
pulsatile flow, hypotension, and hypothermia.39,40 If
the fetus is viable, uterine tone and FHR should be
monitored, and a dedicated perinatologist or obstetri-
cian on standby, if emergency delivery is required.41

Fetal bradycardia, sinusoidal patterns, and late decel-
erations are all indicators of fetal asphyxia and may
occur during CPB initiation or emergence.41 Potential
reasons for fetal asphyxia include reduced SVR, low
UBF, hemodilution, hypothermia, particulate or air
embolism, obstruction of venous drainage during in-
ferior vena caval cannulation, prolonged CPB, or
maternal narcotic administration.41

Fetal protection strategies during CPB are listed in
Table 6.39,40 During CPB, a high pump flow rate (�2.5
L � min�1 � m�2) and perfusion pressure (�70 mm Hg)
are recommended to maintain UBF.42 Additionally, it is
recommended that the maternal hematocrit be main-
tained �28% to optimize oxygen-carrying capacity.39,40

In one series, fetal mortality was 24% vs 0% when
hypothermic versus normothermic CPB was compared,
respectively.43 Thus, normothermic perfusion during
CPB is recommended when feasible.43 Although contro-
versial, pulsatile flow may also better preserve UBF.9

Finally, changes in CO2 tension can also affect UBF.
Specifically, hypocapnia causes uteroplacental vasocon-
striction and hypercapnia increases UBF. Therefore,
�-stat pH management may be advantageous for main-
tenance of CO2 homeostasis and UBF.19,40,43

Anesthetics
All inhaled anesthetics and most IV anesthetics are

highly lipid soluble and freely cross the placenta.

Table 4. Impact of Pregnancy on Drug Pharmacokinetics
and Pharmacodynamics35

Physiological changes
of pregnancy

Effect on drug
pharmacokinetics and

pharmacodynamics
1 CO 1 Volume of distribution
1 Blood volume
1 Plasma volume Altered protein binding
2 Albumin
1 �1-acid glycoprotein
2 GI motility Prolonged GI transit time
1 CO 1 Clearance
1 GFR
1 Hepatic and renal blood

flow
1 Hepatic enzyme activity
CO � cardiac output; GFR � glomerular filtration rate; GI � gastrointestinal.
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Volatile anesthetics are also potent uterine relaxants
and decrease UBF. In contrast, nitrous oxide has
minimal impact on UBF or tone.44 However, because
of its effect on DNA synthesis in animal studies,
nitrous oxide use is best avoided during the first
trimester.44 Moreover, nitrous oxide use is generally
not recommended during cardiac surgery.

The effect of etomidate is not well described but
likely has minimal impact on the fetus or UBF.29,30

Therefore, in addition to providing hemodynamic
stability, etomidate is an excellent choice for IV induc-
tion in the parturient with cardiac disease. Ketamine
in doses �1.5 mg/kg minimally alters UBF.29,30 How-
ever, uterine hypertonus may occur with doses �2
mg/kg. Thiopental and propofol, although acceptable

choices, may decrease UBF secondary to decreased
maternal arterial blood pressure.

All opioids may cause fetal respiratory depression,
bradycardia and loss of beat-to-beat variability as they
readily cross the placental barrier.

Muscle Relaxants and Reversal Drugs
Neuromuscular blocking drugs are quaternary am-

monium salts which are highly ionized and do not
readily cross the placental barrier. Therefore, these
drugs generally do not affect neonatal muscle tone.
However, large doses of succinylcholine when given
repeatedly, or when the fetus has pseudocholinester-
ase deficiency, can cause neonatal muscle blockade.

Antihypertensives
Antihypertensives such as labetalol, hydralazine,

nicardipine, and nifedipine may be used in pregnant
patients with acute aortic dissection, severe hyperten-
sive emergencies, and myocardial ischemia.45 Hydral-
azine, a direct acting arterial vasodilator, is popular
because of its long track record of safety.46 However,
labetalol, nicardipine, and nifedipine have also been
used in preeclamptic patients without any major ad-
verse effects on the mother or fetus. Nitroglycerin,
when administered to gravid ewes, relaxed the utero-
placental vasculature, and produced no changes in
UBF, arterial blood pressure or heart rate.47 However,
nitroglycerin can cause decreased preload and uterine
atony. Use of sodium nitroprusside during pregnancy
is controversial, with some data suggesting that there
may be an increased rate of stillbirths, tachyphylaxis,
and maternal and fetal cyanide toxicity.14,48 The

Table 5. Common Perioperative Drugs and Their Effects in Early Pregnancy

Medication Effects on early gestational fetus
Safety
profile

Diazepam Oral clefts with prolonged usage D
Midazolam Not known C
Propofol Not known B
Thiopental Not known B
Etomidate Embryocidal in large doses in animal studies C
Ketamine Unknown, recommended not to be used in first trimester D
Fentanyl, morphine Not known B
Neuromuscular blockers (succinylcholine,

vecuronium, pancuronium, rocuronium,
cisatracurium)

Safe for clinical use as they do not cross the placental
barrier in significant amounts

C

Epinephrine/dopaminea Not known C
Vasopressin Not known C
Ephedrineb Not known C
Phenylephrineb Minor defects reported C
Atropine Minor malformation possible C
Anticoagulants
Warfarinc Congenital malformations D
Heparind None reported B
Food and Drug Administration Drug Risk Classification: A, Controlled studies show no risk; B, No evidence of risk, either animal studies show risk, but humans do not, or animal studies do not
show risk and no adequate human studies; C, Studies in pregnant women are lacking and animal studies are positive or lacking; D, Positive evidence for risk.
a Epinephrine and dopamine have been used safely in pregnant patients.
b Vasopressors of choice for pregnant patients with hypotension.
c Warfarin is contraindicated in the first trimester.
d Heparin does not cross the placental barrier and does not affect the fetus.

Table 6. Fetal Protection Strategies During
Cardiopulmonary Bypass39–44

Monitor uterine tone and FHR (especially if fetus ��24 wk
gestation�)

Maintenance of a 15° left lateral tilt using a wedge under
the right hip or a left lateral tilt of the table to prevent
aortocaval compression

Maintenance of maternal hematocrit �28%
Maintenance of maternal oxygen saturation
Normothermia
High flow rate (�2.5 L � min�1 � m�2)
Increased perfusion pressure (�70 mm Hg)
Minimize CPB time
Consider pulsatile perfusion
�-Stat pH management
Tocolytic therapy (e.g., magnesium sulfate, ritodrine, or

terbutaline) versus dedicated perinatologist and
obstetrician on standby if emergency delivery

CPB � cardiopulmonary bypass; FHR � fetal heart rate.
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�2-agonist dexmedetomidine readily crosses the pla-
centa.29 Data from pregnant animal models on dexme-
detomidine are lacking, and it has not been approved
for use in pregnancy.29 Finally, ACE inhibitors and
ACE receptor antagonists are contraindicated in preg-
nancy.15 Fetal ACE inhibitor risks include intrauterine
growth retardation, oligohydramnios, preterm labor,
bony abnormalities, severe pulmonary and cardiac
disease, and stillbirth.

CESAREAN DELIVERY: INDICATIONS AND
MANAGEMENT IN PATIENTS WHO REQUIRE
SUBSEQUENT CARDIAC SURGERY

In situations in which the fetus is not viable, the
mother’s condition takes priority and, if necessary,
cardiac surgery should be performed with the parents’
informed consent that the fetus may poorly tolerate
CPB and/or deep hypothermic circulatory arrest. In
contrast, in situations in which the baby is viable, it
may be in the best interest of the mother and baby for
the obstetrician to perform a cesarean delivery before
the cardiac operation, with a neonatologist available
for resuscitation, because of the high fetal mortality
associated with cardiac surgery. In such situations,
delivery by cesarean delivery using general anesthesia
is preferred, making sure the mother is adequately
hydrated, avoiding systemic vasodilation and pulmo-
nary vasoconstriction, adequately replacing blood loss
and maintaining adequate ventricular filling pres-
sures.8 However, it is also important to recognize that
a cesarean delivery may impact the subsequent car-
diac surgery. For example, uterine atony because of
the smooth muscle relaxation by inhaled anesthetics
can be a major cause of bleeding after heparinization
for CPB. Thus, it may be useful to avoid volatile
anesthetics during cesarean delivery and, instead, use
total IV anesthesia (e.g., etomidate and opioids) if the
patient is to be subsequently heparinized for CPB.29,30

Positive pressure ventilation can reduce venous re-
turn, and hyperventilation should be avoided as hy-
pocapnia can cause uteroplacental vasoconstriction
and decrease UBF. The Paco2 should be maintained
within the physiologic range of pregnancy (i.e., 28–32
mm Hg).29,30

Average blood loss for a cesarean delivery is be-
tween 500 and 1000 mL and may need to be replaced
before subsequent cardiac surgery. Oxytocin for uter-
ine atony can cause systemic hypotension particularly
when given rapidly which can exacerbate the hypo-
volemia caused by blood loss and should always be
given as an infusion and not a bolus. If uterine atony
persists despite uterine massage and oxytocin, methy-
lergonovine maleate (methergine; 0.2 mg) may be
given IM, keeping in mind the risk of hypertension. In
general, methylergonovine maleate should not be
given IV unless used as a life-saving measure. Carbo-
prost tromethamine (15-methylprostaglandin F2�) is
another ecbolic drug but may cause bronchospasm

and hypertension. Even though uterine bleeding may
appear to be clinically controlled, recurrence of bleed-
ing may occur after heparinization for CPB, and the
uterus should be frequently checked for adequate
hemostasis.

SUMMARY
Heart disease is the primary cause of nonobstetric

mortality in pregnancy. Close monitoring by both
obstetricians and cardiologists is thus needed for
women with complex heart disease, and pregnancy
should still be considered contraindicated in certain
types of CHD. Women at increased risk for morbidity
in pregnancy include those with a prior stroke or
arrhythmia, NYHA heart failure classification �2,
anticoagulation use during pregnancy, smoking, mul-
tiple gestation, and left heart obstruction.4,5

Because cardiac surgical morbidity and mortality in
the parturient is higher than nonpregnant patients,
most parturients with cardiac disease are first man-
aged medically, with cardiac surgery being reserved
when medical management fails. Risk factors for
maternal mortality during cardiac surgery include the
use of vasoactive drugs, age, type of surgery, reopera-
tion, and maternal functional class.9 Risk factors for
fetal mortality include maternal age �35 yr, functional
class, reoperation, emergency surgery, type of myo-
cardial protection, and anoxic time.9 Nonetheless,
acceptable maternal and fetal mortality rates may be
achieved through such measures as early preoperative
detection of maternal cardiovascular decompensation,
use of perioperative fetal monitoring, optimization of
CPB, delivery of a viable fetus because of the opera-
tion and scheduling surgery on an elective basis
during the second trimester.6
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