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The hemodynamic and hematologic changes which normally occur during 

pregnancy, can present a potential risk for the patient with cardiac disease, either 

acquired or congenital. Moreover, the normal hemodynamic changes are associated 

with symptoms and signs which may mimic those seen in patients with underlying 

cardiac disease. The clinician therefore is often confronted w ith the task of deciding 

whether the findings are consistent with the physiologic changes of a normal 

pregnancy or whether a cardiac disorder is present. In addition, pregnancy can be 

complicated by the occurrence of "de novo" cardiovascular diseases such as 

peripartum cardiomyopathy which can be caused by the immunological and hormonal 

changes occurring during gestation. 

In this Grand Round, we will first review the hemodynamic changes occurring 

during a normal pregnancy in a patient without cardiovascular disease and the 

associated changes in cardiovascular findings. Thereafter, we will discuss 

cardiovascular diseases which might first manifest during or immediately after 

pregnancy, such as peripartum cardiomyopathy. Lastly, we will focus our discussion 

on the management during pregnancy of patients with pre-existing cardiovascular 

diseases, either acquired or congenital, and the impact that pregnancy may have on 

the course of the underlying cardiac disorder and the existing cardiac pathology may 

have on the outcome of pregnancy. 

EPIDEMIOLOGY 

The prevalence of heart disease during the reproductive years is low, ranging 

from 0.4% to 4% (1 ). During the last three decades, the spectrum of cardiac 

diseases seen during pregnancy has changed due to: 

1. decreased incidence of rheumatic heart disease 

2. increased survival of patients with congenital heart disease with many 

patients now reaching puberty and being able to conceive 

3. a recent trend toward bearing children later in life. 

The largest cohort of data (2) on pregnancy and cardiac disease comes from the 

University of Edinburgh, where from 1928 through 1977, 185.290 pregnancies 

occurred with 3.003 of pregnancies in women with heart disease, for an overall 

incidence of 1.6%. From the analysis of these data (Figure 1) the following patterns 
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emerge: 

1. The total incidence of heart disease during pregnancy has decreased from 

2% to less than 1% 
2. The maternal mortality during pregnancy and labor has dropped from 6.9% 

to 0.25% 

3. However, deaths due to cardiac causes have increased from 8.3% to 20% 
of total deaths. 

Figure 1 

Incidence of heart disease and maternal mortality during pregnancy 

Reference #2 

While in the period between 1928 and 194 7, rheumatic heart disease was 

responsible for 94% of cardiac diseases seen during pregnancy, this incidence 
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dropped to 36% in the decade from 1968 and 1977 and is currently 24% (Figure 2). 

At the same time the incidence .of congenital heart disease in pregnancy has risen 

from 3.6%, in 1928 through 1947, to 70% at the present time due to the extended 

survival achieved with cardiovascular surgery. However, worldwide rheumatic heart 

disease still accounts for the majority ( > 80%) of cardiac disorders seen during 

pregnancy, with rheumatic mitral stenosis being the most common cardiac 

abnormality. In the western world, surgically corrected congenital heart disease now 

represents more than 50% of cardiac disorders seen during pregnancy, rheumatic 

heart disease accounts for approximately 30% of them, congenital non-corrected 

cardiac malformations for another 10%. The incidence of peripartum cardiomyopathy 

and primary pulmonary hypertension has increased during the last two decades. This 

increase is however probably spurious and related to the improved diagnosis of these 

two diseases. While the incidence of ischemic heart disease during pregnancy is 

currently negligible, it is rising as a result of the trend to which we have alluded to 

toward pregnancy later in life and increasing incidence of coronary artery disease in 
women. 

Figure 2 

Changing pattern of heart disease during pregnancy - Reference #2 
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PHYSIOLOGIC CHANGES OF THE CARDIOVASCULAR SYSTEM DURING 

PREGNANCY 

Several hemodynamic changes take place during pregnancy to meet the 

metabolic demand for fetal development. Oxygen is transported to the fetus by 

diffusion through the placenta. For diffusion to occur, fetal arterial P02 cannot 

exceed maternal placental venous P02. In turn, the fetus must have adequate oxygen 
supply for growth. To meet these demands, placental blood flow must be kept at 

high levels in order for oxygen to be delivered to the fetus in spite of the narrow 

maternal arteriovenous oxygen difference. While in non-pregnant women uterine 

blood flow is only 50-1 00 ml/min, at term uterine blood flow is approximately 1200 

ml/min. Animal experiments have shown a correlation between fetal size and 

uteroplacental flow (3). Similar relationship has been suggested in humans with the 

finding of higher uterine blood flow in twin pregnancy (4). The increase in uterine 

blood flow is achieved by redistribution of cardiac output to the uterus and mainly by 
a concomitant increase in total cardiac output. Early in pregnancy, the increase in 

uterine blood flow is mainly due to an increase in cardiac output; during the second 

trimester of pregnancy both mechanisms (redistribution and increase in cardiac output) 

are in effect. During the third trimester no ·further increase in cardiac output occurs 

and the continuous increase in uterine blood flow is due to diversion of as much as 

20% of cardiac output to the uterus (Figure 3). 
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The uterine vasculature can accommodate such a flow because of a marked 

decrease in uterine vascular resistance. Several mechanisms are responsible for 

uterine vasodilation. Arterial-venous anastomosis develop in the pregnant uterus. 

Hormonal changes seem to play a major role in decreasing uterine resistance. Uterine 

blood flow has been shown (5) to decrease to almost zero after oophorectomy and 

increase markedly after 2 days of treatment with estrogens. Intravenous Angiotensin 

II in animals increases uterine blood flow (6). These data suggest that steroid 

hormones and the renin-angiotensin system may play a role in the increase in uterine 

blood flow during pregnancy. 

Cardiac output starts to rise probably around the 1Oth week of gestation and 

peaks at 20-24 weeks when it is 30-50% higher than pre-pregnancy value. During 

the third trimester cardiac output does not increase (Figure 4). Actually when 

measured in the supine position, cardiac output at term may drop by more than 20% 

due to the reduction in venous return secondary to vena cava obstruction by the 

distended uterus. 

Figure 4 

~ 
40 

:; 
c. 
:; 
0 
0 

"' '6 
~ 20 (.) 

E I 
G> I ., I 
"' I 
~ I 
0 I E I 

0 13 26 40 

Gestation 

(weeks) 

Changes in cardiac output during pregnancy 

6 

\ 
' 



Early in pregnancy, the increase in card iac output is due to a small, - 10%, 

increase in heart rate and 30% increase in stroke volume. As pregnancy progresses, 

stroke volume does not continue to rise and event !}ally it falls during the last trimester 

as result of the mechanical compression on the inferior vena cava. Heart rate 

continues to rise throughout pregnancy and is the main determinant of the increase 

in cardiac output. On average, heart rate increases by 20 beat/min at term (Figure 5). 

Figure 5 
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In face of the increased cardiac output, a slight fall in systolic arterial blood pressure 

and a more prominent fall in diastolic pressure are observed during pregnancy due to 
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a dramatic fall in systemic vascular resistance. The causes of peripheral vasodilation 

during pregnancy are not fully understood. Metcalf (7) attributed the fall in systemic 

vascular resistance to the creation of artero-venous fistulas in the placenta. However, 

the decrease in vascular resistance is not limited to the uterine bed. Hormonal 

changes may be implicated. Estrogens and prolactin decrease systemic vascular 
resistances in animals (5,8). Prostaglandins PGE2 and PGI 2, which are produced by 

the pregnant uterus (9), decrease peripheral vascular resistance directly and indirectly 

by attenuating during pregnancy the vasoconstrictive effect of angiotensin II. A 

decrease in blood viscosity secondary to hemodilution contributes to decreasing 

peripheral resistances . Blood volume increases significantly during pregnancy. It 

starts to rise as early as the sixth week of gestation and continues to rise until the 

30th week (Figure 6). Considerable variations in blood volume have been reported 

from 20% to 100% (average 50%) of non-pregnant values. The increase in blood 

volume correlates with neonatal weight (10), but also with maternal characteristics 

such as weight and parity, (multiparous > primipara). Although red blood cell mass 

increases during pregnancy, the increase in plasma volume is more prominent leading 

to a decrease in hemoglobin concentration, so called physiologic anemia of pregnancy. 

Hematocrit ranges from 33 to 38% and hemoglobin between 11 and 12 g/1 OOml. 
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Several factors, not completely understood, seem to be responsible for the increase 

in plasma volume. Estrogens increase plasma volume . Renin production by the 

kidney, liver and mainly the uterus increases during pregnancy (11 ). The increase in 

renin-angiotensin stimulates aldosterone production leading to sodium and water 

retention . A growth hormone, chorionic somatomammotropin, produced by the 

placenta may contribute to the increase in plasma volume. The role of atrial 

natriuretic factor is unclear; however, a marked increase in ANF has been noted post

partum at time of puerperal diuresis (12). 

Renal and skin flows increase during pregnancy. Renal blood flow and 

glomerular filtration rate increase during pregnancy on average 30-50% above non

pregnant values. (See figure 3). Changes in renal flow are believed to be mediated by 

estrogen and not by prostacyclin (13) . The increase in skin perfusion seen during 

pregnancy ( 14) is responsible for the increase in skin temperature, manifested 

clinically by warm skin and clammy hands, and presence of palm erythema and 

vascular spiders. Nasal congestion during pregnancy is common due to the increase 

in blood flow to the nasal mucosa. Indirect measurements by thermometry and 

plethysmography suggest a progressive increase in mammary blood flow. Flow to 

other organs is not significantly increased during pregnancy. Data on coronary blood 

flow are not available. 

Oxygen consumption is at term 20-30% higher than prior to pregnancy, due to 

the increased metabolic demands of mother and fetus. A discrepancy exists between 

changes in cardiac output and oxygen consumption with the increase in cardiac 

output occurring early in pregnancy and oxygen consumption rising gradually 

throughout pregnancy and reaching its peak at term. The arterio-venous difference 

is therefore small in early pregnancy and gradually w idens to non-pregnant values at 

the end of gestation. 

In spite of increased blood volume, right ventricular and pulmonary artery 

pressures have been found to be normal in early pregnancy and slightly above normal 

values after 30 weeks of gestation in less than 25% of patients (15). The response 

of the left ventricle to volume overload during pregnancy has been assessed by 

echocardiography (16, 17) . The left ventricle increases progressively in size but no left 

ventricular hypertrophy has been documented . Left ventricular systolic function, as 

assessed by echocardiographic fractional shortening and ejection fraction, is well 

preserved (16) or even increased (17). Cardiac output, during the last trimester of 

pregnancy, can drop by more than 20% in the supine and sitting positions due of 

reduced venous return as documented by echocardiography. Radiologic studies have 
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demonstrated obstruction of the inferior vena cava in almost 90% of women studied 

at term in the supine position ( 18) .. Assumption of the lateral recumbent position or 

lifting of the uterus at surgery have been shown to increase venous return and stroke 

volume by releasing caval obstruction. In 5% of pregnant women a significant 

decrease in blood pressure can occur in the supine position (19-21). Normally the 

decrease in the venous return does not produce a significant drop in blood pressure 

due to a reflex increase in heart rate and systemic vascular resistance. However in 

women with so called "supine hypotensive syndrome", a decrease in venous return 

is associated with vasovagal reaction characterized by bradycardia or no increase in 

heart rate and peripheral vasodilation. Hypotension and bradycardia subside in the 

lateral position. 

During labor and delivery significant circulatory changes occur (22). Some 

patients with pre-existing cardiac disease, who may have been able to tolerate well 

the hemodynamic changes of pregnancy, may become symptomatic for the first time 

during or immediately after delivery. Oxygen consumption increases by 100% during 

labor. During uterine contractions venous return increases by 300-500 mi. Cardiac 

output increases by 50% due to an increase in stroke volume and in myocardial 

contractility, the latter due to an increase in sympathetic discharge during labor. The 

response of heart rate is variable. Some authors (23) have reported a 20% increase 

in heart rate, others have reported no change (24) in response to baroreceptor 

stimulation. Both systolic and diastolic blood pressures increase by at least 20% 

during labor. The increase in blood pressure is cyclic, it has been shown to precede 

uterine contractions by 5-8 seconds and to subside at the end of contraction (25). 

The hemodynamic changes can by influenced by the use and the type of 

anesthesia used during delivery. In particular, the changes in heart rate and blood 

pressure which are mainly mediated through the sympathetic nervous system, can be 

blunted or abolished by anesthesia. Cesarian section is often associated with a 

significant drop in cardiac output and blood pressure and an increase in heart rate. 

These hemodynamic changes are reduced if epidural anesthesia without epinephrine 

is used. 

In spite of blood loss, cardiac output increases immediately after delivery due 

to a marked increase in venous return, secondary to relieved compression of the 

inferior vena cava and shift of blood from the uterus into the systemic circulation. 

Few hours after delivery, cardiac output starts to decline, however it does not return 

to pre-pregnancy levels for several weeks. Heart rate, in contrast, decreases to pre

pregnancy levels shortly after delivery. 
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SYMPTOMS AND CARDIOVASCULAR FINDINGS DURING NORMAL 
PREGNANCY 

The hemodynamic changes which occur d uring gestation may result in 

symptoms and cardiovascular findings which mimic those associated with organic 

heart diseases. Therefore recognition of normal gestational findings is of utmost 

importance for accurate diagnosis of cardiovascular pathology during·pregnancy. The 

most common symptoms and physical findings seen during pregnancy in women 

without cardiovascular disease are listed in Table 1 & 2. 

TABLE 1 

CARDIAC SYMPTOMS DURING NORMAL PREGNANCY 

* fatigue 

* decreased exercise capacity 

*dyspnea 

* orthopnea 

* palpitations 

* lightheadedness 

*syncope 

* excessive perspiration 

* chest pain 

Fatigue and reduced exercise tolerance are common complaints during 

pregnancy and are related to hormonal changes, anemia, increased body weight and 

reduced peak oxygen consumption. The maximal cardiac output which can be 

achieved during exercise is 20% lower during the second and third trimesters than 

prior to pregnancy (26). Possible causes include: 1. decreased venous return, 2. 

decreased cardiac reserve due to higher baseline heart rate and cardiac output, 3. 

decreased performance of the dilated left ventricle when left ventricular afterload 

increases during exercise and 4 . decreased maximal ventilation. 

Resting dyspnea is very common during the last trimester (27) and is due to 

hyperventilation and reduced vital capacity. Orthopnea is often seen at term, 

especially in twin pregnancy and is usually related to elevation of the diaphragm. 

Palpitations, due to the presence of sinus tachycardia, are common. Lightheadedness, 

and rarely syncope, may occur in the supine or sitting position due to decreased 
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venous return secondary to compression of the inferior vena cava. Frequent 

complaints related to increased temperature of the skin are heat intolerance and 

profound perspiration. Chest pain is rare. Its oo.:urrence at term is usually related to 

the presence of hiatal hernia. 

Several physical findings which are normal during pregnancy can be 

misinterpreted as indicative of congestive heart failure (Table 2). 

TABLE 2 

CARDIOVASCULAR FINDINGS DURING NORMAL PREGNANCY 

* hyperventilation 

* pulmonary bibasilar rales 

* peripheral edema 

* distented jugular veins, prominent v wave 

* displaced left ventricular impulse 

* right ventricular heave 

* palpable systolic pulmonic impulse 

* peripheral pulses with increased pulse pressure 

* capillary pulse 

* increased S 1 

* present S3 

* early and midsystolic ejection murmur at LLSB and pulmonic area 

*venous hum 

* mammary souffle 

Hyperventilation is common during pregnancy. Pulmonary bibasilar rales are 

common during late pregnancy due to compression of the lower lobes and atelectases 

secondary to elevation of the diaphragm and increase in intraabdominal pressure. 

Edema of the lower extremities is a common finding during the third trimester due to 

1. increased femoral venous pressure secondary to compression of the inferior vena 

cava by the enlarged uterus, 2. increased plasma volume and 3. decreased oncotic 

pressure of the plasma. Due to the increased plasma volume and intrathoracic 

pressure the jugular veins are often distended. A prominent v wave has been 

observed in 2/3 of pregnant women and is due to the presence of mild - moderate 
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tricuspid regurgitation as documented by doppler 128). Tricuspid regurgitation is most 

likely secondary to annular dilation seconday t o increased volume of the fluid 

overloaded right ventricle. The left ventricular impulse can be displaced to the left due 

to horizontal and left displacement of t he heart secondary to elevation of the 

diaphragm. For the same reason and for the increase in cardiac output, a right 

ventricular heave and a systolic pulmonic impulse may be often appreciated and lead 

to the misdiagnosis of pulmonary hypertension. The peripheral arterial pulses are full, 

brisk and increased in amplitude. These characteristics and the common presence of 

capillary pulse, caused by anemia and peripheral vasodilation, may suggest the 

presence of aortic regurgitation. The first heart sound is usually increased in intensity 

and widely split. The causes for these changes in first heart sound are unclear, but 

probably related to the hyperkinetic circulation, since similar changes have been 

described in patients with the primary hyperkinetic syndrome and in patients with 

hyperthyroidism, all conditions characterized by a marked increase in cardiac output 

and peripheral vasodilation. A third heart sound is present in the majority of pregnant 

women and probably has the same etiology of the increased f irst heart sound. A 

fourth heart sound is rarely present. The finding of a fourth heart sound is usually 

indicative of the presence of organic cardiac disease. As a result of the increased 

cardiac output, a 2/6 systolic ejection murmur is commonly heard in early and 

midsystole over the left sternal border and in the pulmonic area. The occurrence of 

a flow-related diastolic murmur is rare during normal pregnancy . The finding of a 

diastolic murmur is more often indicative of the presence of an organic cardiac 

disease. In almost all pregnant women, a continuous systo-diastolic murmur, so called 

venous hum, is heard in the supraclavicular fossae . It is usually more prominent on 

the right side, does not radiate below the clavicles and is due to increased blood flow 

in the cervical veins. A systo-diastolic murmur, louder in systole and best heard in the 

supine position over the second and third, right and left intercostal spaces and over 

the breasts is usually present during pregnancy and for the duration of lactation. It 

is called mammary souffle and is due to the increased blood flow in the mammary 

vessels. It can be mistaken for the continuous murmur of a patent ductus arterious. 

However it can be differentiated from it because it is louder in systole, it has 

significant beat to beat and day to day variations and it can be decreased by assuming 

the upright position or by pressing the stethoscope harder against the skin. 

Radiologic findings during normal pregnancy can be incorrectly interpreted as 

indicative of the presence of congestive heart failure and valvular disease. During 

pregnancy the following are normal f indings on chest x-ray: 1. horizontal position of 

the heart, which can simulate cardiomegaly, 2. straightening of the left upper cardiac 

border due to increased prominence of the main pulmonary artery and secondary to 
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the hyperlordosis of pregnancy, 3 . increased pulmonary vascular markings . All these 

findings can be mistaken for t he typical findings seen with left atrial dilation and 

pulmonary congestion. Bilateral small pleural effusions have been described in 2/3 of 

women immediately following delivery (29}. The incidence during pregnancy is 

unknown. 

The most frequent electrocardiographic findings during a normal pregnancy are 

listed in Table 3. Sinus tachycardia is common and at term is present in the majority 

of patients. Shift of the QRS axis, most often to the left, has been described and 

ascribed to the horizontal position of the heart. Because of the rotation of the heart, 

a small q wave and negative P wave are often seen in lead Ill and are abolished by 

inspiration. Transient ST segment depression and flattening of the T wave in the left 

precordial leads are quite common. Atrial and ventricular arrhythmias have been 

described during normal pregnancy and are extremely common during labor and 

delivery. In a study by Upshaw (30), all normal women studied during delivery had 

atrial and ventricular arrhythmias 

TABLE 3 

ELECTROCARDIOGRAPHIC FINDINGS DURING NORMAL PREGNANCY 

* sinus tachycardia 

• QRS - axis deviation 

* q wave and negative P in lead Ill 

* ST-segment depression 

* T-wave flattening 

* atrial and ventricular arrhythmias 

MANAGEMENT OF PATIENTS WITH CARDIAC DISEASES DURING 
PREGNANCY 

The management during pregnancy of patients with preexisting cardiac disease has 

undergone substantial changes and liberalization over the last decade due to medical 

improvements which allow most patients with cardiac disease to carry now a 

pregnancy to term successfully for both the mother and the fetus. 
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The improved success is due t o earlier d iagnosis and close monitoring during 

labor and delivery. Early diagnosis of tlw .cardi<:-tc condition and assessment of its 

severity is of utmost importance for proper management during pregnancy. The 

evaluation may be difficult due to t'he hemodynamic changes produced by the 

pregnancy, which can mask the existence of an oq~anic card iac pathology or prevent 

its accurate assessment. Until recently an accurate assessment of cardiac pathology 

during pregnancy was made more difficult .by the fact that several diagnostic 

procedures commonly used in cardiology should be avoided for the potential risk of 

radiations to the fetus. This limitation has been, however, overcome since the 

introduction of echocardiography and more recently doppler echocardiography. 

Invasive hemodynamic monitoring has made vaginal delivery safer in women with 

cardiac disease by allowing accurate monitoring of several variables, such as 

pressures, oxygenation and fluid status. If abnormalities are not properly corrected, . 

catastrophic consequences for the fetus and the mother may occur. Since significant 

changes in cardiac output and in fluid status follow the delivery, invasive 

hemodynamic monitoring should be continued for at least 24 hrs after partum in high

risk patients. Patients in whom peripartum hemodynamic monitoring is indicated are 

listed in Table 4. 

TABLE 4 

INDICATIONS FOR INVASIVE HEMODYNAMIC MONITORING DURING PERIPARTUM 

* 
* 

* 
* 
* 
* 
* 
* 
* 

NYHA class Ill and IV 

poor LV function, even if asymptomatic 

mitral stenosis 

aortic stenosis 

primary or secondary pulmonary hypertension 

hypoxemia 

ischemic heart disease 

intractable hypertension 

oliguria 
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Vaginal delivery with eventually hemodynamic monitoring, is the preferred 

modality of delivery in patients with cardiac disease because blood loss and 

hemodynamic changes are usually less severe than during cesarean section. Cesarean 

section should be performed only for obstetrical indications. It should be reminded 

that several patients with congenital cardiac disease, even if corrected, may have 
severe cephalo-pelvic disproportion, forcing obstetricians to perform cesarean section. 

In the following pages, we will discuss the changes that pregnancy induce in 

symptoms and cardiovascular physiology of specific cardiovascular diseases, either 

acquired or congenital, and the effect that specific cardiac diseases have on the 

outcome of pregnancy. In general, pregnancy is well tolerated in patients with 

regurgitant lesions, atrial or ventricular septal defect without pulmonary hypertension, 

pulmonary stenosis, hypertrophic cardiomyopathy and mitral valve prolapse. 

Pregnancy is usually complicated by high maternal and fetal morbidity and mortality 

in patients with mitral or aortic stenosis, primary or secondary pulmonary 

hypertension, active rheumatic carditis, Marfan's syndrome, coarctation of the aorta, 

tetralogy of Fallot and any cardiac disease with NYHA class Ill or IV symptoms. 

PERIPARTUM CARDIOMYOPATHY 

The possibility that congestive heart failure can develop during pregnancy in 

previously healthy women has been recognized for more than a century. Meadows 

in 1975 (31), recognized the existence of a separate clinical syndrome called 

peripartum cardiomyopathy, which is characterized by biventricular failure and 

manifests for the first time during the last trimester of pregnancy or in the puerperium 

in the absence of identifiable causes. 

The diagnosis of peripartum cardiomyopathy is made when all the following 

criteria, established by Demakis in 1971 (32) are met: 

1 . development of congestive heart failure during the last month 

of pregnancy or within the first five postpartum months. 

2. absence of another determinable etiology for cardiac failure 

3. absence of demonstrable heart disease prior to the last month 

of pregnancy. 

Undoubtedly, the last criteria is the most difficult to be verified. In fact, in the 
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majority of cases the patients come to the attent ion of a cardiologist only after they 

presented with symptoms and signs of congestive heart failure. The absence of 

cardiac disease prior to pregnancy is usually diagnosed based solely on the absence 

of symptoms prior to gestation and not on objective data . The term of peripartum 

cardiomyopathy is now preferred to the term of postpartum cardiomyopathy because 

even if 85-90% of patients are recognized as having cardiomyopathy following 

delivery, 10-1 5% of patients become symptomatic during the last weeks of pregnancy 

(33). The incidence of peripartum cardiomyopathy varies in different geographic 

areas. In the United States, the incidence has been estimated to be 1 in 3,000 or 1 

in 4,000 deliveries. However, a recent report based on the Parkland population (34) 

suggests a much lower incidence of 1 in 15000 deliveries. The incidence is much 

higher, 1 in 100 deliveries, in Africa, especially in South Africa and Nigeria. In 

Nigeria, where 10% of pregnancies are complicated by postpartum cardiomyopathy 

(35). excessive salt intake associated with excessive water loss has been implicated. 

In Nigeria, according to the tradition, the Hausa Fulani women assume large quantities 

of salt during the first month of puerperium in order to promote lactation . They also 

lie for several days on a heated mud bed for purification. It has been postulated that 

a reduction in renal blood flow occurs initially as result of fluid loss due to excessive 

heat. The reduction in RBF activates the renin-angiotensin-aldosterone system which, 

with the excessive salt intake, leads to fluid retention, hypertension and in 1 0% of 

women congestive heart failure. The majority if not all patients usually respond well 

to diuresis with resolution of symptoms and signs of CHF. Echocardiographic and 

hemodynamic studies demonstrate biventricular dilation, increased filling pressures, 

normal or increased cardiac output and well preserved LV systolic function suggesting 

that at least in Nigeria fluid overload after delivery is the cause of congestive failure 

seen during puerperium. In the United States, a predominance in black women, in 

women older than 30 years, in the lower socioeconomic classes and in twin 

pregnancies has been recognized. The influence of parity has not been settled yet 

(33). 

Since peripartum cardiomyopathy is clinically indistinguishable from idiopathic 

cardiomyopathy, some authors have questioned whether peripartum cardiomyopathy 

exists as a distinct entity or rather patients with preexisting idiopathic dilated 

cardiomyopathy may become symptomatic during the peripartum period due to the 

marked hemodynamic changes which take place at that time. However, several 

epidemiological data support the existence of peripartum cardiomyopathy as a distinct 
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clinical entity: 

1. dilated cardiomyopathy is more frequent in men, and it is 

rare in young women except for t he peripartum period. 

2. in contrast with idiopathic cardiomyopathy, recovery occurs in 50% of 

patients with peripartum CM over a short period of time. 

3. reoccurrence has been demonstrated during subsequent 

pregnancies 

4. patients with preexisting cardiac disease usually become symptomatic 

earlier, during 2nd or 3rd trimester of pregnancy and during delivery, 

rarely during puerperium. In contrast, only a minority of patients with 

peripartum cardiomyopathy present prior to labor; the majority ( > 80%) 

presents between one and three months post partum. 

The cause(s) of peripartum cardiomyopathy is(are) unknown. It has been suggested 

that it may be caused by nutritional deficiency because of its higher incidence in 

Africa and in the lower socioeconomical classes. Although coronary arteriograms are 

normal, the possibility of abnormalities of the small coronary arteries or spasm has not 

been ruled out, even if it appears unlikely due to the presence of generalized 

ventricular hypokinesia and reversibly of the process in at least 50% of patients. 

Intimal thickening of the coronary arteries during pregnancy and puerperium has been 

described and related to the hormonal changes which occur during pregnancy such 

as increase in estrogen, angiotensin II and decreased in prostacyclin (36). A direct 

depressant effect of estrogens on myocardial cells has been also suggested (37). 

An immunological basis for the pathogenesis of peripartum cardiomyopathy has been 

hypotetizied. During pregnancy, the presence of fetal tissue has been demonstrated 

in the maternal blood (38) and the possibility of an immunological maternal response 

to fetal antigens has been postulated. The presence of anti-myosin antibodies has 

been demonstrated in a previously healthy woman who developed congestive heart 

failure at term (39). 

A role for viral infection in the pathogenesis of PPCM has been suggested. 

During pregnancy there is an impairment in cell-mediated immunity to different viruses 

(40.41). Changes in suppressor cell activity may increase the susceptibility to viral 

infections. Mice, infected with either Coxsachiae (42) or encephalomyocarditis virus 

(43) are more susceptible to develop myocarditis, if infected when pregnant. Changes 
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consistent with acute myocarditis have been demonstrated in at least 1 /3 of patients 

with PPCM (44,45). In a significant percentage of cases there is also a family history 

of cardiomyopathy, suggesting that a genetic susceptibility may be present (46). 

Endomyocardial biopsies have often shown changes (lymphocytic infiltrates, myocyte 

degeneration, hemorrhages) consistent with the diagnosis of acute myocarditis, which 

lend support to both the immunological and viral pathogenesis. O'Connell and 

colleagues (44) identified acute myocarditis in 29% of patients with peripartum 

cardiomyopathy, the incidence of myocarditis being only 9% in patients with the 

diagnosis of idiopathic dilated cardiomyopathy. Interestingly in his study, myocarditis 

was identified in all but one, the women who underwent biopsy within 1 week from 

the onset of symptoms, suggesting that negative results in other studies may be due 

to delay in performing biopsy. 

In 80% of patients, onset of symptoms is within 3 months from delivery, in 

10% after 3 months and in 10% during the last month of pregnancy. In all the 

patients who become symptomatic while still pregnant, worsening of symptoms after 

delivery is the rule. Symptoms are those of the typical dilated cardiomyopathy (see 

Table 5) with few peculiar features such as the high incidence of hemoptysis (25% 

of patients). due to pulmonary emboli, and abdominal pain, in the absence of 

hepatomegaly, due to intestinal ischemia or infarcts. The clinical incidence of 

pulmonary and peripheral emboli is as high as 40-60%. Mural thrombi have been 

found at autopsy in > 90% of cases. The higher incidence of thrombi and embolic 

events in PPCM than in idiopathic dilated cardiomyopathy can be due to the decrease 

in fibrinolytic activity, normally seen during pregnancy. Atrial arrhythmia (eg. atrial 

fibrillation) and complex ventricular arrhythmias are as frequent as in idiopathic dilated 

cardiomyopathy and seen in at least 60% of patients. 

TABLE 5 

SYMPTOMS IN PERIPARTUM CARDIOMIOPATHY 

* fatigue 

* exercise intolerance 

* dyspnea 

* orthopnea 

* weight gain 

* peripheral edema 

* hemoptysis 

* abdominal pain 

* chest pain 

* palpitations 
* neurological deficits 

* nausea, vomit 

* syncope 
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Hemodynamic data in patients with peripartum cardiomyopathy have been 

obtained mainly during the acute phase of the illness. They are scanty and have 

produced conflicting results with ejection fraction being reported as normal or reduced 

and cardiac output normal or even elevated in few studies (35,44,47). These 

inconsistencies may have arisen because left ventricular function has been compared 

to either non-pregnant patients with dilated cardiomyopathy or to normal non-pregnant 

women, but not with a normal peripartum population. The disparity of data reflect 

also the wide clinical spectrum of peripartum cardiomyopathy. The overall published 

hemodynamic data suggest that in peripartum cardiomyopathy left ventricular systolic 

function is depressed, right and left ventricular filling pressures are increased and 

cardiac index may be only slightly reduced. 

In the only longitudinal study so far published (48), 14 patients with peripartum 

cardiomyopathy were compared by 20- echocardiographyto a group of age-matched 

post-partum women (Table 6). 

TABLE 6 

LONGITUDINAL CHANGES IN ECHOCARDIOGRAPHIC PARAMETERS IN PPCM 

PPCM Patients (n = 14) 

Controls At presentation 4 months later 

HR beat/min 79 ± 14 91 ± 24 

LVEDVI 67 ± 18 95 ± 22* 63 ± 11 

mi/M2 

LVESVI 27 ± 5 66 ± 18* 33 ± 12 

mi/M2 

EF% 60 ± 5 29 ± 5* 49 ± 11 

LV mass I 96 ± 8 139 ± 38* 100 ± 13 
g/M2 

mass/EDV 1.43 ± 0.12 1.45 ± 0.16 

from data by Cole P., et.al. Am.J.Cardiol. 1987;60:871-876 

L VEDVI = left ventricular end diastolic volume index, L VESVI = left ventricular end 

systolic volume index, EF = ejection fraction, LV mass I = left ventricular mass 

index, mass/EDV = ratio of LV mass to LV end diastolic volume. 
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The left ventricle of PPCM patients was significantly dilated with a mean end-diastolic 

volume index of 95 ± 22 mi/M2 and a mean end-systolic volume index of 66 ± 18 

mi/M 2 versus 67 ± 9 and 27 ± 5 mi/M2 respectl·vely in the normal post-partum patients. 

Left ventricular systolic function was severely depressed with a mean EF of 29 ± 5% 

versus 60 ± 5% in the controls . By 4 months after delivery, left ventricular end

diastolic and end-systolic volume indexes have decreased to 63 ± 11 mi/M2 and 

33 ± 12 mi/M2
, respectively in patients with peripartum cardiomyopathy and left 

ventricular ejection fraction had increased to 49± 11%. The improvement occurred 

early, within six weeks from diagnosis, with a variable, inconsistent further 

improvement at later time. Even if ejection fraction increased and left ventricular 

dimensions decreased in all long-term survivors, these parameters normalized 

completely in only 57% of the surviving patients. These data are in agreement with 

the overall clinical experience that suggests that approximately 50% of PPCM patients 

have clinical improvement and normalization of ventricular function within few months 

from presentation, 25% have a rapid decline resulting in death or leading to cardiac 

transplant and 25% improve clinically but continue to have left ventricular 

dysfunction. The severity of left ventricular dysfunction at presentation may predict 

outcome. In O'Connell's series (44) survivors had at presentation a substantially 

higher ejection fraction and lower left ventricular end-diastolic diameter (Table 7). 

TABLE 7 

HEMODYNAMIC COMPARISON BETWEEN SURVIVORS AND NON-SURVIVORS OF 

PPCM 

SURVIVORS NON-SURVIVORS 

#patients 8 6 

age (years) 29 ± 6 28 ± 6 

EF (%) 23 ± 12 11 ± 2* 
LVEDD (mm) 58 ± 12 69 ± 7* 

Pressures (mmHg) 

PA syst 32 ± 11 41 ± 18 

Wedge 16 ± 9 25 ± 8 

Cl (L/min/M2
) 3.0 ± 1.1 2.2 ± 0.6 

PA = pulmonary artery, Cl = cardiac index, LVEDD = left ventricular end-diastolic 

diameter. 

* p < 0.05 
O'Connell et al. JACC 1986;8:52-6 
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Hemodynamic parameters, such as pulmonary arterial pressure, capillary wedge 

pressure and cardiac index, did not differ significantly between patients who did and 

did not survive. Long-term prognosis in survivors depends on whether heart size and 

left ventricular function normalize within 6 months. In Demakis' series (32). 85% of 

patients who had persistent cardiomegaly at 6 months, died of progressive congestive 

heart failure within 1-2 years. 

The effect of subsequent pregnancy in patients who have recovered is still 

debatable. In Meadows' (31) series, 6 of 10 patients who had subsequent 

pregnancies had reoccurrence of congestive heart failure. In Demakis' study (32), 

only 3 of 21 (16%) pregnancies in eight patients, who had fully recovered from 

PPCM, were complicated by recurrent heart failure, while 50% of pregnancies 

occurring in asymptomatic patients with persistent cardiomegaly were complicated by 

severe heart failure with dismal outcomes for mother and fetus. St. John Sutton and 

colleagues (49) have followed sequentially by echocardiography during pregnancy four 

patients who had completely recovered from previous peripartum cardiomyopathy. 

Left ventricular diastolic and systolic diameters did not increase during pregnancy and 

post-partum and left ventricular shortening fraction remained normal (Table 8) . 

TABLE 8 

CHANGES IN LV ECHOCARDIOGRAPHIC DATA DURING PREGNANCY IN PATIENTS 

WITH PREVIOUS PPCM 

Pre-pregnancy At term post-partum 

LVDd mm 52 ± 3 51 ± 4 52 ± 3 

LVDs mm 30 ± 2 32 ± 1 31 ± 2 

FS% 42 ± 2 38 ± 2 39 ± 3 

from data by St. John Sutton, et.al. Am. Heart J . 1991;121 :1776-1778 
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These data suggest that if a patient has a completely normal left ventricular function 

after PPCM, a future pregnancy can be considered but careful follow-up throughout 

it is advised. In asymptomatic patients with persistently reduced left ventricular 

function after PPCM, pregnancy is associated with high rate of fatal deterioration 

suggesting that future pregnancies in this subset of patients should be strongly 

discouraged. 

The treatment of peripartum cardiomyopathy does not differ from treatment of 

idiopathic cardiomyopathy with the following caveats: 

1. AIIIO)atients should be anticoagulated due to the high incidence of emboli. 

2. Diuretics are the first drug of choice, however, caution should be used 

in the pre-delivery period to avoid hypotension. 

3. CEI should be avoided in the pre-delivery period because of high 

incidence of fetal hypotension and renal failure. Hydralazine and 

nitroprusside should be preferentially used. 

4. Since 50% of patients recover, every effort, including the use of IABP 

and mechanical assisted devices should be made to stabilize these 

patients while hoping for spontaneous recovery. Cardiac transplant 

should be considered only in patients who do not stabilize on maximal 

inotropic and mechanical supports. 

5. Immunosuppressive therapy should be considered in patient who continue 

to deteriorate in spite of maximal therapy, especially if biopsy shows 

evidence for myocarditis . 

ISCHEMIC HEART DISEASE 

Coronary artery disease is rare in premenopausal women. The incidence of 

acute myocardial infarct during pregnancy is less than 1 in 10,000 pregnancies. 

However, considering the current trend towards bearing pregnancy later in life, 

ischemic heart disease may be seen in the future more frequently during pregnancy. 

Although coronary atherosclerosis is the primary cause of ischemic heart disease even 

in young women, other less common causes may be seen in pregnant women such 

as coronary artery spasm, coronary emboli, congenital anomalies of coronary arteries, 
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coronary artery dissection, arteritis as in Takayasu's disease and connective tissue 

diseases, aortic dissection, aortic valvular disease. Risk factors for coronary 

atherosclerosis are similar to the ones seen in the male population, including diabetes, 

hypertension, smoking, elevated total cholesterol and LDL, with the addition of an 

unique risk factor represented by the use of oral contraceptives (50) . The risk for Ml 

has been reported to be in women aged 30-39 years 2. 7 times higher if taking oral 

contraceptives (51 ,52) . The combination of heavy smoking and use of oral 

contraceptives increases the risk for Ml 4 fold. The role of oral contraceptives in the 

development of CAD is unclear. Oral contraceptives contain estrogens, which 

increase HDL and triglycerides and decrease LDL, and progesterone, which decreases 

HDL and triglycerides. Other potential mechanisms include increased activity o.f 

factors VIII and X with increased coagulability, platelet abnormalities and increased 

blood pressure . However, recent studies have given conflicting data on the risk of 

oral contraceptives and CAD. In the Nurses' Health Study, in which 120,000 women, 

ages 30-55, were prospectively followed for CAD, past users of oral contraceptives 

were found not to be at increased risk for CAD (53). 

Peripartum myocardial infarct is often associated with angiographically normal 

coronary arteries suggesting spasm as a possible cause (54). Coronary spasm has 

been described in patients with preeclampsia, pregnancy-induced hypertension and in 

patients using ergot derivatives to suppress lactation (55). Coronary artery dissection 

is rare in the general population, however, 17 of 25 cases reviewed by Smith (56) 

occurred in women and 50% of them during pregnancy. The cause(s) for the 

increased risk for coronary dissection during pregnancy is(are) unknown. Estrogens 

have been shown to inhibit collagen and elastin deposition and produce intimal 

hyperplasia. (36,57) Whether these changes are relevant to the occurrence of arterial 

dissection during pregnancy is currently unknown. 

The diagnosis of ischemic heart disease during pregnancy is based on the same 

criteria used to diagnose CAD in non-pregnant patients, however the diagnostic 

procedures which can be performed are limited by safety concerning the fetus . 

Patients are usually managed medically and with bed rest. Beta-blockers are 

currently the most widely used drugs with the risk to the fetus being limited to 

bradycardia and hypoglycemia. Coronary by-pass surgery and angioplasty have been 

performed during pregnancy in only few cases (58). However, these procedures for 

the high risk to the fetus should be considered exclusively when severe ischemia, 

refractory to medical management, is present. Myocardial infarct during pregnancy 

is associated with elevated mortality, which averaged 37% in a recent review, (59). 

24 

\ 
' 



of all the reported cases of myocardial infarct during pregnancy (Table 9). 

TABLE 9 

MATERNAL MORTALITY IN RELATION TO TIME OF Ml DURING PREGNANCY AND TIMING 

OF DELIVERY 

Time of infarct 

I trimester 

II trimester 

Ill trimester 

if delivered < 2 wks 

recurrent Ml 

#Women 

9 

17 

42 

15 

4 

#Deaths 

5 

19 

7 

3 

from Hankins G.D.V. et.al. Obstet. Gynecol. 1985;65:139-146 

%Mortality 

11 

29 

45 

46 

75 

Maternal mortality was particularly elevated when Ml occurred in the third trimester and was 

followed by delivery within 2 weeks or for patients experiencing reinfarction at time of 

delivery. Fetal mortality averaged 34% (Table 10). 

TABLE 10 

FETAL OUTCOME IN PREGNANCIES COMPLICATED BY MATERNAL Ml 

Live birth 

Fetal loss 

at maternal death 

abortion 

stillbirth unrelated to 

maternal death 

Numbers(%) 

47 (66) 

23 (34) 

15 

3 

5 

from Hankins G.D.V. et.al. Obstet. Gynecol. 1985;65:139-146 

25 

\ 
' 



In patients with ischemic heart disease vaginal delivery with epidural anesthesia is 

indicated to reduce fluctuations in heart rate and blood pressure. Beta-blockers should be 

used to prevent maternal tachycardia and reduce myocardial 0 2 consumption, while closed 

hemodynamic monitoring is indicated during delivery and the following 24 hours. 

RHEUMATIC HEART DISEASE 

The incidence of rheumatic heart disease has dramatically declined during the last 

three decades in the Western countries and in the United States. RHO, which accounted for 

80-90% of cases of cardiac disease seen in pregnancy until 1960 in these countries, now 

is responsible for approximately 30% of cases. However, worldwide rheumatic fever is still 

the most common cause of cardiac disease seen during pregnancy. In some areas of the 

United States, such as Texas and Southern California, due to the large population from 

Central America and Mexico, RHO may account for 50-60% of cardiac cases during 

pregnancy. 

Acute rheumatic fever 

Acute rheumatic fever usually occurs before puberty. It may however reoccur during 

pregnancy with fatal consequences for the fetus in most cases and often for the mother too. 

The incidence of chorea has been reported to increase in pregnancy (chorea gravidarum) and 

it can cause preterm labor and intrauterine fetal death (60,61 ). Treatment of acute 

rheumatic fever is the same as in non-pregnant patients. Because of the dire consequences 

if rheumatic fever reoccurs during pregnancy, streptococcal antibiotic prophylaxis should be 

continued during gestation in all patients with a history of rheumatic fever. 

Mitral stenosis 

The most common rheumatic valvular lesion seen in pregnancy is mitral stenosis due 

to its prevalence in young females. Stenotic valvular lesions, such as mitral valve and aortic 

valve stenosis, due to the physiologic increase, during pregnancy, in heart rate and cardiac 

output are not well tolerated. Regurgitant lesions such as mitral valve or aortic valve 

regurgitation, in contrast, are usually well tolerated with no increased maternal or fetal risk 

because of the unloading of the left ventricle during pregnancy resulting from the physiologic 

fall in systemic vascular resistance. 

During pregnancy in patients with mitral stenosis, left atrial pressure will increase as 

resultant of the physiological changes in heart rate, cardiac output and blood volume. An 

increase in heart rate will shorten diastole proportionately more than systole thus diminishing 
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the time available for flow across the mitral valve. For any given level of cardiac output, 

tachycardia will therefore increase the transmitralic gradient and the left atrial pressure. An 

increase in flow, as illustrated in figure 7, will increase transmitralic gradient too. 
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These hemodynamic changes associated with the 40-50% increase in blood volume which 

occurs in gestation, explain why patients with mitral stenosis become symptomatic during 

the 2nd trimester of pregnancy and usually deteriorate during labor and delivery when a 

further increase in heart rate and cardiac output occurs and blood, secondary to uterine 

contractions, is displaced centrally. Twenty-five per cent of patients with mitral stenosis 

become symptomatic for the first time during pregnancy and patients symptomatic prior to 

gestation, usually worsen during the second trimester, when the hemodynamic changes 

peak. 

The therapeutic approach to the pregnant patient with mitral stenosis consists in 

reducing heart rate by use of beta-blockers and blood volume by salt restriction and careful 

(in order to avoid hypotension) use of diuretics. If atrial fibrillation ensues, every attempt 

should be made to restore sinus rhythm· pharmacologically by the use of digoxin and 

quinidine or procainamide or, if drug therapy fails, by cardioversion. Some authors 

recommend the use of digoxin even in patients in sinus rhythm during pregnancy to prevent 

atrial fibrillation and a high ventricular response if atrial fibrillation develops, since the 

occurrence of atrial fibrillation in pregnancy leads to acute pulmonary edema with an 

associated maternal mortality of at least 20%. 

Epidural anesthesia is usually employed during vaginal delivery in patients with mitral 

stenosis to avoid fluctuations in heart rate and blood pressure which can lead to pulmonary 

edema. Beta-blockers are usually used to decrease heart rate and nitroprusside with 

intravenous diuretics is given to decrease pulmonary congestion under invasive hemodynamic 

monitoring to avoid unwanted drop in blood pressure. With this approach maternal mortality 

has been markedly decreased (62). However it still approaches 5% in patients who are 

symptomatically NYHA class Ill and IV and 2% in patients who have had commissurotomy 

prior to pregnancy. In patients who remain severely symptomatic in spite of medical therapy 

or have massive hemoptysis, surgical or percutaneous balloon valvuloplasty is indicated (63). 

Closed surgical mitral valve commissurotomy has been performed in several patients during 

pregnancy with no maternal death and 98% fetal survival in specialized centers (64) . 

Aortic stenosis 

Rheumatic aortic stenosis is rarely seen in young females. The most likely causes of 

significant aortic stenosis during pregnancy are congenitally stenotic aortic valves due to 

bicuspid or unicuspid valve or for the presence of supra or subvalvular stenosis. The 

presence of mild aortic stenosis can be easily missed in pregnant women since the murmur 

can be mistaken for the flow-related systolic murmur, usually present during pregnancy. The 

presence of reduced peripheral pulses with slow upstroke, a sustained left ventricular 
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impulse and an S4 should raise the suspicion ot ;aortic stenosis and prompt cardiologic 

evaluation. The outcome of pregnancy in patients w'1th aortic stenosis is poor regardless of 

its etiology. In Arias' series (65). in patients with aortic stenosis maternal mortality was 

17% and fetal death 32%. The highest maternal mortality, 40%, was seen after therapeutic 

abortion. Birth weight is usually low and an extremely high incidence (20%) of cardiac and 

systemic defects has been reported in infants of mothers with left ventricular outflow 

obstruction (66) . Patients with aortic stenosis cannot increase stroke volume as required 

during pregnancy for normal fetal growth. Cardiac output in patients with aortic stenosis 

can be increased only by an increase in heart rate. However, excessive increase in heart rate 

is deleterious because it will decrease preload, shorten ejection period, and increase 

myocardial oxygen consumption. In patients with aortic stenosis it is crucial during 

pregnancy to limit the increase in heart rate and oxygen consumption and avoid excessive 

peripheral vasodilation and fluid depletion. The management is mainly based on reduction 

of physical activity, bed rest, and maintenance of venous return. Patients with aortic 

stenosis usually become symptomatic towards the end of pregnancy because of a decrease 

in venous return secondary to caval compression and during delivery because the need to 

increase cardiac output cannot be met and peripheral dilation and blood loss can precipitate 

a dangerous drop in blood pressure. Epidural anesthesia is usually given during delivery to 

avoid fluctuations in blood pressure and attentive fluid replacement may be required to avoid 

hypotension. Percutaneous balloon aortic valvulopasty has been performed in few cases 

successfully during pregnancy (67), but it should be reserved in cases in which patient 

deteriorates in spite of optimal medical management. 

Mitral valve prolapse 

This anomaly, which has been reported in 15-20% of women of childbearing age, has 

no effect on maternal or fetal outcome (68) . During pregnancy, due to the increased left 

ventricular end-diastolic volume, the auscultatory and echocardiographic findings of mitral 

prolapse are reduced. In patients with mitral regurgitation, the regurgitant volume decreases 

secondary to peripheral vasodilation and increase in LV volume. Antibiotic prophylaxis is 

indicated at time of delivery only in patients with regurgitation or thickening of the mitral 

valve leaflets. 

Prosthetic valves 

The risk of pregnancy to the mother and fetus in women with valvular prosthesis 

depends on: 

1 . functional and hemodynamic status of the mother 
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2. type of the valve (mechanical, bioprosthesis), its location and its proper 

functioning 

3. hypercoagulable state of pregnancy 

4. need for anticoagulant therapy 

5. risk for infective endocarditis 

Most patients with a normal functioning prosthetic valve, normal ventricular function 

and no residual significant stenosis or regurgitation can tolerate pregnancy well and may 

expect good maternal and fetal outcomes (69) 

The risk of thromboembolic events during pregnancy is increased due to the 

hypercoagulable state of pregnancy. In patients with mechanical valve in the mitral position 

it has been reported to be 3.6%, which is significantly higher than the 1% risk in non

pregnant subjects. The risk for mechanical aortic valve is less than 0.1 % and similar to the 

risk in the non-pregnant population. 

The use of warfarin is associated with a substantial teratogenic risk, including high 

incidence of fetal loss due to spontaneous abortion and st illbirth, and CNS disease (optic 

nerve atrophy, blindness, microcephaly, mental retardation). The use of coumadin during 

the first trimester has been associated with "coumadin embriopathy" (nasal hypoplasia, 

chondrodysplasia) in 5-30% of newborns. If the mother is taking coumadin at the time of 

delivery, the risk of hemorrhagic complications for both mother and fetus (cerebral 

hemorrhages) is extremely high and in the newborn may persist for several days due to the 

long half-life of the drug and cannot be quickly reversed by vitamin K. To avoid these risks, 

patients who need to be anticoagulated should be immediately switched to heparin when 

they become pregnant and should be continued on heparin until at least the end of the first 

trimester. If appropriate, they can be restarted on coumadin during the second trimester and 

maintained on this drug until 2 weeks prior to the expected delivery date, when heparin is 

restarted. Heparin should be discontinued at the onset of labor and restarted as soon as 

adequate hemostasis has been achieved after delivery. Oral anticoagulants can be restarted 

24-48 hours after partum (70). The prolonged use of heparin has been associated with 

increased risk of bleeding and miscarriage, thrombocitopenia and osteoporosis, but no 

apparent teratogenic effect. The risk for bleeding and abortions can be reduced by the use 

of an adjusted dose of heparin (71 ). 

All patients with prosthetic valves, either mechanical or biological, should receive 

prophylaxis against endocarditis at time of delivery . (See section on congenital heart 

disease.) 
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AORTIC DISSECTION 

Aortic dissection occurs 2-3 times more often in men than in women at any age. It 

is quite uncommon in young subjects except in patients with collagen disease, such as 

Marfan and Ehlers-Danlos syndromes, or aortic coarctation . However, an increased risk for 

aortic dissection during pregnancy has been suggested. Schnitker and Boyer (72) found that 

24 of 49 aortic dissections in females below age 40 years occurred during or shortly after 

pregnancy. Similar findings were obtained by Mandel (73), who found that 36 of 70 aortic 

dissections in young females have occurred during pregnancy. The incidence of aortic 

dissection during pregnancy is higher in multiparous women over 30 years of age and in 

patients with Marfan's syndrome or aortic coarctation. No relation has been established in 

pregnancy between dissection and hypertension. The risk for dissection is not increased in 

patients with preeclampsia or eclampsia and the majority of dissection occurs during the 

third trimester and not during labor when hypertension is often seen . 

Since dissection of other arterial vessels (coronary arteries, splenic artery) has been observed 

during pregnancy (74), it has been postulated that morphological changes of the arterial 

walls occur during pregnancy which predispose to aneurysm formation, dissection and 

rupture. Hormonal changes have been implicated. Estrogens have been shown to inhibit 

collagen and elastin deposition in rat arteries (57) and produce intimal changes (36) . 

However, histopathologic changes have failed so far to show consistent and significant 

changes in the arterial walls in women who died from arterial dissection during pregnancy, 

except in patients with Marfan's syndrome in whom dissection is associated with the typical 

degenerative changes of medial necrosis. 

The management of patients with aortic dissection during pregnancy is similar to the 

treatment of non pregnant patients and is aimed to prevent progression of the dissection. 

Intravenous beta-blockers such as propranolol, are used in association with vasodilators to 

decrease heart rate, blood pressure and shear forces. In pregnant women, hydralazine is 

preferred as vasodilator to nitroprusside because it is safe for the fetus, while nitroprusside 

may cause thiocyanate toxicity in the fetus. In order to avoid the stress of labor, delivery 

in a patient with acute aortic dissection should be performed by cesarean section under 

epidural anesthesia. The outcome for the fetus depends on the extent of dissection but is 

usually poor if the dissection extends into the abdominal aorta and compromises uterine 

blood flow. 

An increased incidence of aortic dissection during pregnancy has been reported in 

patients with Marfan's syndrome. In reviewing maternal and fetal outcomes of pregnancy 

in patients with Marfan, Pyeritz (75) found that 50% of pregnancies were complicated by 
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acute aortic dissection. For this reason pregnancy has been strongly discouraged in patients 
with Marfan. However, a recent more systematic review of the National Registry of 

Marfan's syndrome suggests that the risk for acute dissection during pregnancy is low in 

patients with normal aorta and no cardiac involvement. The risk, in contrast, is high, even 

in asymptomatic patients, if aortic dilation is present. Regarding fetal outcome, a higher than 

normal incidence of spontaneous abortions has been reported in patients with Marfan's 

syndrome. The reasons, in the absence of maternal aortic dissection or cardiac involvement. 

are unknown. However, since a high incidence of spontaneous abortions has been reported 

in patients with Ehler-Danlos syndrome, it is possible that the alteration of the connective 

tissue, common to the two diseases, is responsible for fetal damage or abnormal 
development. 

Aortic dissection has been reported to occur often during pregnancy in patients with 

coarctation of the aorta, even if surgically corrected (76). It usually occurs prior to labor 

(77). Nowadays, in Western countries, uncorrected coarctation of the aorta is found only 

rarely during pregnancy since surgical or balloon-angioplasty correction is usually performed 

during childhood. However, patients with corrected coarctation have often other associated 

anomalies such as bicuspid aortic valve and saccular aneurysms in the circle of Willis. They 

may also have residual narrowing of the distal aorta and its branches and often have arterial 

hypertension. Pregnancy can be complicated in these cases by congestive heart failure and 

angina. An increased risk for rupture of intracranial aneurysms during pregnancy has been 

reported. The rupture of the aorta and cerebral aneurysms is less likely if blood pressure is 

well controlled . An overall 3.5% maternal mortality has been reported with a fetal mortality 

ranging from 13 to 25%. lower birth weight and higher incidence of congenital heart 

disease have been reported (66) in infants born to mothers with uncorrected coarctation 

compared to infants whose mother's coarctation was corrected, suggesting that coarctation 

should be corrected prior to planning of a pregnancy. The management of patients with 

corrected coarctation of the aorta during pregnancy consists mainly in the control of 

hypertension. Patients with aortic stenosis due to associated bicuspid aortic valve are 

managed as the patients with rheumatic aortic stenosis (see page 28) with the focus being 

prevention of systemic hypotension and treatment of congestive heart failure. 

HYPERTROPHIC CARDIOMYOPATHY 

Hypertrophic cardiomyopathy is a primary myocardial disease, with in most of the 

cases an autosomal dominant inheritance, characterized by hypertrophy of the ventricular 

myocardium. The hypertrophy may involve the interventricular septum, the entire left 

ventricle and to variable extent the right ventricle or be localized to various segments, most 
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commonly the interventricular septum and may or may not be associated with left ventricular 

outflow tract obstruction. The symptoms in hypertrophic cardiomyopathy are related to the 

poor compliance of the hypertrophied myocardium, which leads to an increase in ventricular 

filling pressures and pulmonary congestion thus causing dyspnea and to a decrease in stroke 

volume which leads to the symptoms of angina and reduced exercise tolerance . Patients 

with hypertrophic CM have also an increased incidence of tachyarrhythmias, both atrial and 

ventricular, which often lead to syncopal episodes and in one third of patients sudden death. 

Patients with hypertrophic cardiomyopathy usually tolerate pregnancy well for 2 reasons: 

1 . the expansion in blood volume which occurs during gestation leads to an increase 

in left ventricular end-diastolic diameter thus decreasing LV outflow tract 

obstruction. 

2. during pregnancy myocardial compliance increases probably as a result of the effect 

on the myocardium of estrogens. 

This increase in compliance leads to an improvement in diastolic relaxation and filling 

of the ventricle, to a decrease in left atrial pressure and dyspnea. However, the sinus 

tachycardia which is normally present during pregnancy may have a deleterious effect by 

decreasing the diastolic filling t ime. Therefore, administration of beta-blockers may be 

required to control heart rate. Patients with hypertrophic cardiomyopathy may worsen 

during the third trimester of pregnancy if venous return is impaired due to compression of 

the inferior vena cava by the enlarged uterus. The decrease in venous return may lead to 

increased LV obstruction, drop in stroke volume and syncopal episodes. Patients should be 

advised to rest in the left lateral decubitus to avoid a decrease in venous return and the use 

of diuretics to relieve the edema of pregnancy should be proscribed. 

The diagnosis of hypertrophic cardiomyopathy during pregnancy could be challenging. 

During normal pregnancy, the peripheral pulses, brisk and full, and the systolic murmur may 

mimic the typical findings of hypertrophic cardiomyopathy. On the other hand, the intensity 

of the systolic murmur of hypertrophic cardiomyopathy is usually reduced during pregnancy 

and the murmur can be mistaken for the flow related murmur of a normal pregnancy. The 

presence of an 54 and the increase in murmur intensity in the upright position or during 

Valsalva maneuver should suggest the presence of hypertrophic cardiomyopathy and prompt 

an echocardiographic study. 

The effect of pregnancy on the risk for sudden death, which is responsible for at least 

one third of the deaths occurring in patients with HCM, is unknown, but it seems not to be 

increased. Fetal outcome is not influenced by the presence of hypertrophic cardiomyopathy 

in the mother (781 (Table 11 ). 
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TABLE 11 

FETAL AND MATERNAL OUTCOMES IN HYPERTROPHIC CARDIOMYOPATHY 

82 pregnancies in 35 women 

FETAL OUTCOME 

low weight at birth 

miscarriage 

intrauterine death 

MATERNAL OUTCOME 

dyspnea and/or CHF 

chest pain 

palpitation 

ventricular arrhythmias 

syncope 

sudden death (VF) 

#of cases (%) 

8 (10) 

16 (20) 

1 (1.2) 

17 (20) 

5 (6) 

3 (4) 

2 (2.4) 
1 (1.2) 

1 (1.2) 

from Kumar A in Cardiac Problems in Pregnancy. Elkayam and Gleicher ed. Alan R. Liss Inc, 

New York 1990. Chapter 10:129 

reference #78. 

Vaginal delivery, in the left-lateral decubitus, can be accomplished in patients with 

hypertrophic cardiomyopathy without increased maternal and fetal risks, if the following 

precautions are taken: 

1 . the use of prostaplandins, to improve uterine contractions, should be avoided 

because of their peripheral vasodilating effect. Oxytocin and ergonovine are the 

drugs of choice to induce labor. 

2. hypovolemia should be avoided, and blood loss should be carefully monitored 

and replaced. 
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3. beta-blockers should be administered to avoid the myocardial effect of the 
sympathetic stimulation associated with the pain and stress of delivery . 

4 . antibiotic prophylaxis should be instituted because of increased risk for 

endocarditis in these patients. 

In the event of premature labor, treatment with beta-agonists must be avoided since 

it will increase left ventricular outflow obstruction. Magnesium sulfate is the tocolytic agent 

of choice in these patients. 

CONGENITAL HEART DISEASE 

The incidence of congenital heart disease (CHDl during pregnancy has risen during the 

last three decades reflecting the advances in medical and surgical management of these 

patients which has allowed more patients with CHD to reach childbearing age. (See figure 

2). While in the early '50 the ratio of rheumatic to congenital heart disease in pregnancy 

was 20:1, currently this ratio is approaching 1 : 1. Most types of CHD have been reported 

during pregnancy. The most commonly reported lesions are in order of frequency: atrial 

septal defect, patent ductus arteriosus, ventricular septal defect, pulmonic stenosis, aortic 

stenosis, coarctation of the aorta and tetralogy of Fallot because 1. are the most common 

congenital cardiac diseases, 2. asymptomatic survival into the III-IV decades is common 

especially for ASD, PS, AS and coarctation even if not surgically corrected, 3 . some of these 

defects such as ASD and PDA are more common in females. 

In the largest reported group of 233 patients with CHD followed through pregnancy, 

128 patients had left to right shunts, 51 obstruction of either left or right ventricular outflow 

tract and 35 cyanotic disease (66). 

Some general considerations about complications during pregnancy and their 

management apply to all the patients with CHD and will be discussed here. Some 

complications are peculiar to specific forms of CHD and will be discussed separately. 

The maternal outcome is determined by the nature of the underlying CHD, whether 

surgical correction has been performed and complete correction achieved, functional capacity 

prior to pregnancy, presence of pulmonary hypertension, presence of cyanosis. Based on 

the results of two large series (79,80) it is clear that patients with acyanotic CHD, who are 

NYHA functional class I or II can tolerate pregnancy well without significant complications 
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for the mother and fetus. Maternal and fetal mortality are similar to patients without cardiac 

disease and morbidity is only slightly increased at 8%. In patients with NYHA functional 

class Ill or IV, cardiovascular morbidity is elevated at 30%, with congestive heart failure 

(25% of patients), arrhythmia and hypertension being the most frequent complications, 

followed by angina and infective endocarditis. 

The presence of cyanosis increases maternal morbidity to 50% and mortality to 4% 

The presence of pulmonary hypertension greatly increases maternal morbidity and mortality 

to prohibitive levels (40%) and will be discussed separately. 

Maternal functional capacity and the presence of cyanosis determine fetal outcome. 

Fetal loss (spontaneous abortion, stillbirth) is significantly lower in acyanotic mothers (20%) 

than in cyanotic mothers (45%) and is markedly reduced after surgical correction in patients 

with cyanotic lesions if they become acyanotic. Fetal loss averages 32% in patients with 

impaired functional capacity and is 20% in patients who are NYHA class I or II. 

Prematurity and low birth weight for gestational age are common in infants of cyanotic 

mothers (80) with infants of acyanotic mother weighing on average 3,300 ± 600 g vs 

2.400 ± 800 g in infants of cyanotic mothers. Prematurity has been reported to correlate 

with maternal hemoglobin and hematocrit (66). 

The incidence of CHD in the offspring of women with CHD is increased at 3-16% 

compared to the normal population ( < 1 %) even when cases with a well established genetic 

transmission (hypertrophic CM, Noonan's syndrome) are excluded (66). The risk appears to 

be greater in the offspring of women with non-corrected left or right ventricular outflow tract 

obstruction, as aortic and pulmonic stenosis, coarctation of the aorta, reaching 20%. The 

most frequent anomalies seen in infants born to mothers with CHD are ventricular septal 

defect and bicuspid aorta. In addition, an increase incidence of non-cardiac anomalies 

including hemangioma, orthopedic deformities, inguinal hernia, mental retardation, 

genitourinary tract obstruction has been described with the highest incidence (14%) in the 

offspring of mothers with LV obstruction (66). 

Vaginal delivery has been shown to be tolerated better than cesarean section by most 

patients with CHD, with fewer maternal and fetal complications reported provided that 

systemic hypotension which can produce reversal of left to right shunt or worsening of right 

to left shunt is avoided. Continuous hemodynamic monitoring should be obtained in all 

patients with symptoms of congestive heart failure, pulmonary hypertension and cyanosis. 
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Oxygen should be given to all hypoxemic patients, and blood loss replaced immediately to 

avoid hypovolemia and hypotension . Systemic hypotension should be avoided and if it 

occurs corrected by volume replacement and a-stimulants. 

Although infective endocarditis is a rare complication of vaginal delivery with a 

reported incidence of 0.10% in patients with rheumatic heart disease and no reported case 

in patients without cardiac disease,prophylaxis is usually given to all patients with CHD 

except to patients with isolated secundum-type ASD, uncorrected or corrected without a 

prosthetic patch, and patients who underwent ligat ion and division of PDA more than six 

months prior to delivery. Prophylaxis is mandatory in patients with prosthesis and in all 

patients, if placenta had to be removed manually. 

The recommended regimen for prophylaxis is: 

- ampicillin 2gm IV(or IM) plus gentamicin 1.5mg/kg IV(or IM) (not to exceed 80mg) 

30' before delivery, followed by amoxicillin 1.5gm orally 6 hrs after or the same parenteral 

regimen may be repeated 8 hrs after. 

- or in patients allergic to penicillin, vancomycin 1 g IV, administered over 1 hour

period , plus gentamicin 1.5mg/kg IV(or IM) (not to exceed 80mg). 1 hour before delivery. 

Dose may be repeated 8 hrs. after. 

Atrial septal defect (ASDl 

ASD is the most common CHD seen during pregnancy. Quite often patients are 

diagnosed as having ASD for the first time during pregnancy. The diagnosis of ASD, during 

pregnancy could be difficult since the systolic murmur is similar to the flow-related murmur 

of pregnancy. Clues to the diagnosis are the presence of fixed-splitting of S2 and the 

findings on electrocardiogram of right deviation of the QRS axis and incomplete, or complete, 

right bundle branch block. Echocardiography, TEE if needed, will confirm the diagnosis. 

If pat ient does not have pulmonary hypertension and/or atrial arrhythmias, 

complications which are. however uncommon before age 40-45 years, pregnancy is well 

tolerated. However, occasionally patients may present with signs of right ventricular failure 

due the normal increase in plasma volume which occurs during pregnancy. Reversal of left 

to right interatrial shunt during pregnancy in a patient without pulmonary hypertension can 

occur following pulmonary emboli, especially during puerperium, or if severe hypotension 

ser.ondary to blood loss occurs at delivery. In 219 pregnancies in 113 women with ASD 

only one maternal death has been reported (81 ). The offspring of mothers with ASD has 
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been reported to have congenital ca1diac disease with an incidence of 14% if mother he; 

ostium primum-type ASD or 2.5% if she had ostium secundum-type ASD. Sixty percent c 

children had concordant defect (66). 

Ventricular septal defect IVSDl 

The clinical course during pregnancy of patients with VDS is determined by the size 

of the defect and the status of the pulmonary vasculature. If VSD is small, pregnancy is well 

tolerated . If large, even in the absence of pulmonary hypertension, patients may present 

with symptoms and signs of congestive heart failure. In the presence of pulmonary 

hypertension, pregnancy is complicated by elevated maternal and fetal mortality (see 

discussion on Eisenmenger's syndrome) . 

In patients with large VSD, but no pulmonary hypertension, Meldenson (82) has 

reported congestive heart failure in 8% and a maternal mortality rate of 5%. Deaths 

occurred at time of delivery, secondary to severe systemic hypotension and sudden reversal 

of interventricular shunt. All the deaths occurred prior to institution of routine hemodynamic 

monitoring during labor and delivery. Since institution of hemodynamic monitoring, no death 

has been reported in patients with large VSD, without pulmonary hypertension. However, 

patients with large VSD are still at risk of developing congestive heart failure, which is 

usually easily controlled by fluid restriction. Pregnancy following closure of VSD is usually 

uncomplicated. 

The occurrence of CHD in children born to mother with VSD is elevated at 22%, with 

VSD reoccurring in 50% of cases (66). 

Patent ductus arteriosus IPDAl 

Almost all patients with PDA nowadays in the United States undergo surgical 

correction in childhood and lead thereafter a completely normal life, pregnancy included. In 

the rare patient with non-corrected PDA seen during pregnancy, gestation is well tolerated 

if pulmonary hypertension is not present, with no mortality reported in the most recent series 

and only occasional patients experiencing dyspnea and congestive heart failure. As for VSD 

the major risk is at time of delivery if hypotension occurs with secondary reversal of the 

shunt. Fetal loss has been reported to occur in 20% of cases and 11% of live born infants 

have CHD (66) . 
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Aortic stenosis 

See discussion under rhtmmatic. heart .dis.evJS'e. (Page 28). 

Coarctation of the aorta 

See discussion under aortic dissection .. {P.age 32). 

Pulmonary stenosis 

Pulmonary stenosis is well tolerated, if not severe, during childhood, but it may 

worsen in adulthood when additional right ventricular outflow obstruction can develop 

secondary to the development of right ventricular hypertrophy. Therefore it is not 

uncommon for a patient to become symptomatic and be diagnosed for the first time as 

having pulmonary stenosis during pregnancy. The diagnosis could be difficult since the 

systolic murmur of pulmonic stenosis can be misdiagnosed as the normal flow-related 

murmur of pregnancy. The presence of a systolic thrill, RV parasternal lift, S4 and widely 

split S2 should offer clues to the diagnosis of pulmonary stenosis. No maternal death has 

been reported during pregnancy, however right ventricular failure has been reported to 

complicate as many as 50% of pregnancies (82). In more recent reports, the incidence of 

CHF in patients with pulmonary stenosis during pregnancy is lower at approximately 1 0% 

(81 ). Fetal loss is around 25% with 20% of live born infants having CHD. Low weight at 

birth is quite common. For the occasional patient with refractory right ventricular failure, 

valvulotomy or balloon valvuloplasty during pregnancy should be considered. 

Tetralogy of Fallot (TFl 

TF is the most common form of cyanotic CHD in adults. It is seen often at the 

present time in pregnant patients since surgical correction (palliative or definitive) has 

allowed more patients to survive beyond puberty. Patients who had partial or total surgical 

correction do well with at least 75% of them being alive 20 years after surgery. Since most 

of patients (95%) with uncorrected tetralogy of Fallot will die before age 25 years, the 

finding of a pregnant patient with uncorrected TF is rare. 

The symptoms in patients with TF depend on the size of the ventricular septal defect 

and degree of pulmonic stenosis. If uncorrected, the severity of pulmonary stenosis, the 

degree of shunting and cyanosis increase with the development of right ventricular 

39 

• \ 



hypertrophy. The fall in systemic vascular resistance, which normally occurs during 

pregnancy will increase right to left shunting and worsen the cyanosis. The shunt will also 

increase because of the increase in right-sided pressures due to volume expansion of 

pregnancy. Maternal mortality in cases of non-corrected tetralogy of Fallot has been 

reported to be 5% (82). Correction, even if partial, has improved maternal and fetal 

outcome. Two recent reports (66,81) described pregnancies in 37 women with partial or 

complete surgical corrections of TF without maternal mortality. Seventy-two percent of 

pregnancies resulted in live-born infants, with a slightly better outcome (78%) if mothers 

were acyanotic. An increased incidence of CHD has been reported in infants born to 

mothers with TF. The presence of a maternal hematocrit of 60% or more, arterial 02 

saturation of < 80%, right ventricular hypertension and syncope portends a very poor 

outcome for the mother and fetus . In cyanotic or symptomatic patients labor and delivery 

should be always done under hemodynamic monitoring to avoid systemic hypotension and 

further oxygen desaturation. In completely corrected patients the risk for both mother and 

fetus does not appear to be increased, however experience with such patients is still quite 

limited. The administration of oxygen is recommended in all cases. 

Other cyanotic congenital heart diseases are rarely seen during pregnancy because 

patients rarely reach adulthood. Patients with Ebstein's anomaly often survive into the third 

and fourth decades and successful pregnancies have been reported in patients with this rare 

anomaly. However, severe maternal complications have been reported including right 

ventricular failure, paradoxical emboli and endocarditis. The presence of a significant right 

to left shunting at the atrial level and cyanosis increase the risk for maternal complications 

and fetal loss. During labor, oxygen administration, avoidance of systemic hypotension and 

blood loss are important in order to decrease the incidence of maternal complications. 

Eisenmenger's syndrome. 

Pulmonary vascular changes can develop in response to increased pulmonary blood 

flow in patients with left to right shunts, such as in patients with ASD, VSD and PDA. The 

increase in pulmonary vascular resistance leads to pulmonary hypertension and reversal of 

the shunt. The presence of pulmonary hypertension and right to left shunting is named 

Eisenmenger's syndrome. Pulmonary hypertension develops most frequently in patients with 

large VSD and PDA, in whc.m the pulmonary to systemic flow ratio exceeds 1.5:1.0. 

Pulmonary hypertension is rarely seen in patients with ASD before age 40 years. 

Pregnancy in patients with pulmonary hypertension is associated with an extremely 
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high maternal and fetal mortality and therefore should be strongly discouraged. In a review 

of the literature, Gleicher (83) described an overall maternal mortality of 52%. Mortality was 

60% in patients with VSD, 44% in patients with ASD and 42% in patients with PDA. The 

majority of maternal deaths occurred at delivery or within one week from delivery and was 

associated with thromboemboli, hypovolemia and cesarian section. In a more recent review 

(84) maternal mortality was slightly lower, but still elevated at 38%. In Gleicher's review 

(83) only 26% of pregnancies produced a live-born infant, 55% of deliveries were premature, 

30% of live-born infants had growth retardation and perinatal mortality was extremely high 

at 28%, mainly due to prematurity. 

Because of the increased incidence ofthromboembolic events, anticoagulant treatment 

with heparin is indicated starting at approximately 20 weeks of gestation and should 

probably be continued for the first month after delivery (85). Since premature delivery 

occurs in the majority of cases, elective hospitalization during the last trimester of pregnancy 

is advised. Spontaneous labor is preferable to induction. Vaginal delivery has been shown 

to have a better outcome than cesarean section, if intensive hemodynamic monitoring is 

obtained and 0 2 is administered in high concentration (86). Patients should remain 

hospitalized for at least two weeks after delivery since deterioration often occurs in the early 

puerperium. 

PRIMARY PULMONARY HYPERTENSION (PPH) 

PPH is a rare disease which can occur at any age. Its incidence is maximal in the third 

and fourth decades in females, with a female/male ratio of 1. 7:1 in the caucasian population 

and 4:1 in the black population. The prognosis is poor. The mean survival after the onset 

of symptoms is only 2-3 years (Figure 8). The clinical course is highly variable and cannot 

be predicted on the basis of clinical presentation, hemodynamic data and even histological 

findings on lung biopsy. However once right ventricular failure ensues, survival beyond 2 

years is unlikely. The hemodynamic abnormalities seem to follow a typical pattern with 

patients in the asymptomatic or mildly symptomatic phases having elevated pulmonary artery 

pressure and resistance but well preserved cardiac output. Progression of the disease and 

clinical deterioration are associated with a drop in cardiac output rather than an increase in 

PA (figure 9). The findings of a cardiac index < 2.5 l/min/M2
, elevated right atrial pressure 

and arterial 0 2 tension < 70 mmHg are indicative of an extremely poor prognosis, with none 

of the patients with all the above characteristics living more than 1 year. Patients die of 

intractable right ventricular failure or sudden death, usually due to atrial tachyarrhythmias. 
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The cause(s) of PPH is(are) unknown. The current hypothesis is that an initial , yet 

unknown, insult to the pulmonary endothelium leads to intimal prol iferation with smooth 

muscle hypertrophy and intravascular thrombosis. PPH is often first diagnosed during 

pregnancy (86,87). However, it is possible that pulmonary hypertension was present prior 

to gestation and the patients became symptomatic as a result of the increase in heart rate, 
volume expansion and peripheral vasodilat ion which accompany pregnancy. It is also 

possible that the hypercoagulable state of pregnancy leads to pulmonary emboli or thrombi, 

which worsen the degree of preexisting pulmonary hypertension. The gestational hormonal 

changes may also play a role. Estrogens have been shown to produce arterial intimal 

proliferation (36) and vasoconstriction of the arteries supplying the endometrium as well as 

of other systemic arteries (88). An increased incidence of PPH has been suggested in 

women taking oral contraceptives (89), but recent data from the NIH registry on PPH (90) 

did not confirm the relation between the use of oral contraceptives and PPH. 

The diagnosis of PPH during pregnancy is difficult since the symptoms of the 

disease (fatigue, dyspnea, ·dizziness, palpitations, peripheral edema) can be easily attributed 

to pregnancy. Maternal and fetal outcome are extremely poor for reasons similar to the ones 

discussed under management of pregnancy in patients with Eisenmenger's syndrome (see 

page 40). The outcome of pregnancy has been reported in at least 35 patients with PPH 

(91-93). Forty percent of them died during pregnancy or in the early postpartum. The 

maternal outcome was not related to either the severity of PPH or the duration of symptoms, 

with a mortality as high as 32% being reported even in asymptomatic patients. Deterioration 

and death can occur at any time during pregnancy, however the incidence is higher during 

the third trimester and in the early puerperium. Patients with PPH, who survived pregnancy 

without deterioration seem to have a better long-term survival ( > 6 years) than patients 

who survived pregnancy but experienced clinical deterioration in whom, according to 

McCaffrey (91) survival was < 2 years. The increase in heart rate and blood volume and 

possibly pulmonary vasoconstriction secondary to estrogens will increase the burden for the 

right ventricle and in patients with patent foramen ovale lead to intraatrial right to left shunt. 

On the other hand, the need for higher cardiac output cannot be met and the presence of 

anemia may contribute to the development of myocardial ischemia. The higher incidence of 

complications, death included, at delivery or immediately after it is due to the hemodynamic 

changes which take place during it. Closed monitoring and avoidance of hypotension are 

crucial. Fetal outcome is extremely poor. A high incidence of fetal deaths as well as of 

congenital malformations has been reported (91 ). 

Because of the high maternal and fetal mortality, pregnancy is contraindicated in 
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patients with PPH and should be discouraged. Oral contraceptives are, however, 

contraindicated because these drugs have been reported to worsen pulmonary hypertension . 

Tubal ligation, even if associated with high risk because of anesthesia, should be considered 

for asymptomatic or mildly symptomatic patients. Should pregnancy occur and the patient 

decides to continue pregnancy, physical activity should be restricted and patient hospitalized 

starting at the beginning of third trimester, even if clinically stable. Anticoagulant therapy 

has been shown to improve survival in non-pregnant patients with PPH (94) and should be 

prescribed to patients with PPH during pregnancy because of the increased risk for thrombi. 

The problems inherent to anticoagulant therapy during pregnancy have been discussed in 

details on page 30. 

Vasodilator therapy may benefit some patients with PPH. Calcium channel blockers 

and prostacyclin are at the present time the only drugs shown to improve symptoms and 

possibly survival in patients with PPH (95,96). However, prostacyclin is contraindicated 

during pregnancy for its well-known effect on uterine contractions and no data exist on the 

safety of calcium channel blocker administration during pregnancy. 

CARDIOVASCULAR DRUGS DURING PREGNANCY 

The administration to the mother of any drug during pregnancy is a major concern not 

only because of the unintended exposure of the fetus to the pharmacologic agent but 

because of the uncertainty of drug response, toxicity and metabolim during the course of 

pregnancy. During pregnancy, the gastrointestinal absorption of drugs may be altered 

because of changes in gastric secretion and motility. Volume of distribution of the drug is 

increased and renal elimination of drugs is usually augmented. Alterations in drug disposition 

may result from a progressive decrease in maternal serum albumin with corresponding 

increase in the free fraction of the drug, thus effecting clearance and half-life of drugs. 

DIGITALIS 

It has been widely used during pregnancy throughout the years for the treatment of 

women with congestive heart failure and more recently for the management of fetal 

supraventricular tachycardia. The volume of distribution of the drug is markedly increased 

during pregnancy. Digitalis crosses the placenta readily. After intravenous administration 

of radioactive digoxin, the drug is detected in the umbilical cord within 5 minutes and within 

30 minutes fetal plasma concentrations are similar to the maternal values (97). Despite its 

transplacental passage, only few adverse effects on the fetus have been 
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documented such as low birth weight and premature labor. The low birth weight, even 

when corrected for gestational age, has been attributed to altered aminoacids transport 

across the placenta. Digitalis has been also shown to shorten duration of pregnancy and 

labor due to its direct inotropic effect on the myocardium. 

ANTIARRHYTHMIC AGENTS 

Quinidine has been extensively used during pregnancy in the treatment of maternal 

and fetal, atrial and ventricular arrhythmias. It crosses the placenta readily and similar blood 

levels are present in the mother and in the fetus. No teratogenic effect has been 

documented and fetal side effects are rare. It may increase uterine contractions and promote 

premature labor. When given in large doses, it has been shown to produce fetal 

thrombocytopenia and damage to the VIII cranial nerve of the fetus. 

Procainamide No teratogenic effect has been documented and the drug is considered 

safe for the fetus. However the information available is quite limited. 

Phenytoin (diphenylhydantoin) is now used as antiarrhythmic agent only for the 

treatment of ventricular arrhythmias resulting from digitalis toxicity. Phenytoin has been 

shown to be teratogenic when given during the first trimester of pregnancy. It produces a 

wide spectrum of birth defects (fetal hydantoin syndrome) including mental retardation, 

growth retardation, craniofacial malformations (cleft palate, broad nasal bridge with short 

upturned nose) and genital abnormalities (98,99). The antifolic properties of phenytoin are 

probably responsible for the congenital abnormalities. Life-threatening bleeding has been 

documented in infants exposed to the drug in utero, probably due to its antivitamin K effect. 

In addition, few cases of congenital neuroblastoma and mesenchynoma have been described. 

Because of its teratogenic effect this drug should not be used during pregnancy. 

Lidocaine is mainly used for epidural or local anesthesia, rarely as an antiarrhythmic 

agent during pregnancy. It crosses the placenta and after epidural administration the 

umbilical cord concentration is approximately 50% of the maternal blood levels. No 

teratogenic effect has been documented and its use for the acute treatment of ventricular 

arrhythmias is considered safe. However, especially in the presence of fetal acidosis it may 

produce fetal bradycardia and CNS depression with apnea, hypotonia and seizure. 

Mexiletine Little is known about the potential teratogenic effect of this drug since 

experience during pregnancy is quite limited. Fetal bradycardia, low birth weight, low Apgar 
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score and hypoglycemia have been reported in few cases. 

Amiodarone No teratogenic effect has been reported. However the drug crosses the 

placenta and can produce premature birth, fetal bradycardia and congenital hypothyroidism 

(100). The safety information now available is limited and the use of amiodarone during 

pregnancy should be limited to cases of severe ventricular arrhythmias, refractory to 

treatment with quinidine and beta-blockers. 

BET A BLOCKING AGENTS 

Beta adrenergic blocking drugs have been extensively used during pregnancy for the 

treatment of hypertension, arrhythmias, hypertrophic cardiomyopathy and other non-cardiac 

diseases, such as hyperthyroidism and migraine. The sympathetic nervous system controls 

umbilical blood flow, uterine tone and contractility. Beta-blockers decrease uterine blood 

flow, fetal and maternal heart rate and increase myometrial activity. Beta receptor 

stimulants exert a tocolytic effect and increase uterine blood flow. The stimulation or 

blockade of a receptors does not affect umbilical blood flow but has opposite effects on 

myometrial contractions (Table 12). 

Table 12 

EFFECTS OF a AND pRECEPTOR STIMULATION AND BLOCKADE DURING PREGNANCY 

STIMULATION BLOCKADE 

a p a p 
maternal HR t ~ 

fetal HR t ~ 

umbelical flow t ~ 

myometrial activity t ~ ~ t 

Prooranolol has been extensively used in pregnant women for at least 25 years. It 

crosses the placenta and because of decreased hepatic metabolism, its half-life in neonates 

is prolonged during the first 10 days of life. Several fetal adverse effects (Table 13) have 

been documented, the most consistent finding being fetal growth retardation. Pruyn (101) 

has documented poor intrauterine growth in 6 of 12 pregnancies, which was attributed to . 
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decrease in uterine flow. However, in several pms?-ective studies for a total of 94 

pregnancies, fetal growth retardation was documented in. o nly 4% of cases. Other reported 

adverse effects include bradycardia, hypoglycemia an.tJ hyperbili rubinemia. Since propranolol 

increases uterine contractions, the use of a beta 1-selective blocking agent, such as 

metoprolol or atenolol is preferred. 

TABLE 13 

ADVERSE EFFECTS OF P-BLOCKERS IN PREGNANCY AND IN THE NEONATE 

* intrauterine growth retardation 

* maternal bradycardia 

* fetal bradycardia 

* premature labor 

* delayed neonatal breathing 

* neonatal hypoglycemia 

* neonatal hyperbilirubinemia 

ANTIHYPERTENSIVE DRUGS 

Hydralazine and Methylolopa have been extensively used for the treatment of 

hypertension without teratogenic effects or adverse effects for both mother and fetus and 

are considered the drugs of choice for the treatment of hypertension during pregnancy. 

Converting enzyme inhibitors are contraindicated during pregnancy because of the 

potential teratogenic effects (skull ossification) and the risk for severe fetal hypotension 

leading to anuria and fetal renal failure (102, 103) . The risk for premature delivery and low 

birth weight has been also documented. 

Calcium channel blockers. No teratogenic effect has been documented. Verapamil 

has been extensively used during pregnancy as an antiarrhythmic agent for the treatment of 

supraventricular tachycardia and as an antihypertensive drug. Its use during pregnancy is 

usually safe, but it might impair uterine contractions during labor and worsen post-partum 

bleeding. Therefore its use should be discontinued at term, if possible. 
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Nifedipine has been used as a t ocolytic agent ( 1 04) and in the treatment of 

hypertension, especially of hypertensive crisis. Its long-term use has been associated with 

premature delivery and small gestational weight. 

Diuretics. No teratogenic effect has been documented. However, their use should 

be limited to the treatment of fluid overload in patients with CHF. They should not be 

routinely employed for the treatment of hypertension or of the dependent edema of 

pregnancy, because of the potential risk for the fetus of severe hypotension secondary to 

volume depletion. 

Nitroprusside The experience with nitroprusside in pregnancy is quite limited. 

Thiocyanate toxicity has been documented in fetuses of animals due to decreased hepatic 

metabolism. This possibility should be kept in mind and its use limited only to emergency 

situation (e.g. dissection of aorta). In its place, intravenous nitroglycerin can be safely used. 

ANTICOAGULANT THERAPY 

The use of warfarin and heparin has been discussed on page 30 . 

TO COL YTIC THERAPY 

To suppress premature uterine contractions beta-stimulant agents, such as terbutaline 

and salbutamol, are commonly employed. Their use has been complicated by the occurrence 

of arrhythmias, both atrial and ventricular, and pulmonary edema. These complications have 

occurred in women without organic cardiac disease and this possibility should be kept in 

mind when evaluating patients who suddenly develop pulmonary edema or ventricular 

arrhythmias during pregnancy. The presence of pre-existing cardiac disease is a 

contraindication to their use. Magnesium sulfate or nifedipine should be used in women with 

pre-existing cardiac disease to prevent premature labor. 
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