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17.1             Impact of Pregnancy 
on Cardiovascular Function 

 Building an understanding of the hemodynamic changes that 
occur during pregnancy and the peripartum period is critical 
to applying MRI as a tool to evaluate the cardiovascular sys-
tem. During the fi rst trimester, there is retention of sodium 
and water leading to an increase in total blood volume. 
Although there have been varying reports in the literature, it 
is estimated that overall there is an approximately 50 % 
increase in total blood volume [ 28 ]. This expansion of blood 
volume generally peaks in the second trimester and remains 
elevated through the peripartum period. Although the expan-
sion in plasma volume is associated with a rise in red blood 
cell production, typically a mild decrease in the patient’s 
hematocrit is still observed resulting in a dilutional anemia 
[ 58 ]. The majority of the increased blood volume becomes 
physiologically distributed to the placenta, as well as the 
maternal kidneys and skin. 

 As a result of expansion in blood volume, there is a com-
pensatory increase in cardiac output. Cardiac output, 
defi ned as stroke volume multiplied by heart rate, has been 
shown to rise to a maximum of approximately 50 % above 
baseline. Although these changes are associated with 
enlargement of the left atrium and left ventricle, progres-
sive increase in valve orifi ce area, and left ventricular wall 
thickness [ 68 ], left ventricular function appears to be well 
preserved in the healthy pregnant patient [ 51 ]. The increase 
in cardiac output allows physiological compensatory 
response to increased preload from expansion in blood vol-
ume and decreased afterload from decreased systemic vas-
cular resistance. 

 Additionally, there is a general increase in vascular com-
pliance during pregnancy. This phenomenon is multifacto-
rial, likely infl uenced by a variety of factors including change 
in hormonal balance, increased cardiovascular demands, and 
actual changes in the structure of the vascular wall [ 29 ]. 
Increased vascular compliance puts that patient at height-
ened risk for vascular complications such as dissection and 
aneurysm formation. 

 Pregnancy also results in a hypercoagulable state. 
Fundamentally, there is increased production of several 
coagulation factors, decreased production of protein S, and 
inhibition of the fi brinolytic system [ 74 ]. When paired with 
other infl uences such as increased venous distensibility, inhi-
bition of venous return caused by compression of the inferior 
vena cava by the gravid uterus, and inactivity and prolonged 
bed rest, the risk for development of thromboembolism 
increases dramatically [ 74 ]. 

 The process of labor and delivery can be associated with 
sudden and dramatic hemodynamic changes. Not only is 
there a physiological increase in cardiac output caused by 
return of blood to circulation, pain and anxiety as well as 
anesthesia used during labor all contribute to changes in car-
diac output [ 29 ]. Of course, the prominent rise in cardiac 
output is not present in the case of a cesarean section. Only a 
mild increase in cardiac output during the postpartum period 
can be observed in the case of cesarean section [ 29 ]. 

 During the immediate postpartum period, there is a rise 
in cardiac input, due to uterine involution, followed by a 
gradual return to baseline during the initial postpartum 
months [ 14 ]. 

 Overall, the changes in cardiac function, intravascular 
volume, and vascular compliance create a unique set of clini-
cal risk factors for the pregnant patient. Careful evaluation in 
light of knowledge of the dynamic cardiovascular system is 
critical for prompt and accurate diagnosis. This chapter dis-
cusses use of magnetic resonance imaging (MRI) as a tool 
for evaluation of the cardiovascular system in the pregnant 
patient.  
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17.2     Imaging Approach to Cardiovascular 
Diseases in the Pregnant Patient 

 The variety of cardiovascular diseases that can present dur-
ing pregnancy and the peripartum period necessitates accu-
rate and prompt diagnostic workup. Although cardiac 
computed tomography and traditional angiography are typi-
cally used in the nonpregnant population, their use is gener-
ally avoided in the pregnant patient due to the risks of fetal 
exposure to ionizing radiation (see [ 1 ] for a review of use of 
ionizing radiation in pregnancy). 

 Therefore, the primary imaging options include transtho-
racic and transesophageal echocardiography and 
MRI. Echocardiography, appropriately so, remains the initial 
diagnostic study of choice for workup of many different car-
diovascular diseases during pregnancy. However, continued 
technological advances have allowed MRI to emerge as a 
technique that is often equivocal or even superior to echocar-
diography in some clinical circumstances. 

 As will be detailed in this chapter, MRI has a myriad of 
uses for the diagnostic evaluation of both congenital and 
acquired cardiovascular pathology. MRI is excellent at 
assessing left ventricular geometry and function, as well as 
valve pathology. MRI is thought to be superior to other imag-
ing modalities, in particular for evaluation of pericardial dis-
ease [ 1 ]. Cine imaging allows for assessment of cardiac 
function and blood fl ow dynamics. Non-contrast MR angio-
graphic techniques allow for detailed assessment of vascular 
pathology. 

 The decision to administer gadolinium-based contrast 
agents must be carefully considered. Gadolinium-based con-
trast agents are FDA class C medications, and teratogenic 
effects have been documented in animals exposed to doses of 
3 to 33× clinical human daily doses for up to 12 days [ 18 ]. 
Further discussion of gadolinium and MRI safety with 
respect of the fetus is detailed elsewhere in this book. 

 When selecting an imaging technique, one must consider 
the notable amount of time needed to complete an MRI 
examination. In acute clinical situations, the length of the 
imaging exam might preclude its use. Furthermore, many 
MRI suites are not suited for critically ill patients requiring 
life support measurements and advanced ICU-level care. For 
this reason, faster exams or exams able to be completed at 
bedside may be preferred in critically ill patients. 

 Often echocardiography examinations can be limited by 
poor acoustic window or limited visualization of cardiac 
structures. In this case, MRI is often used as a troubleshoot-
ing tool to obtain a more complete evaluation of the patient 
[ 78 ]. MRI is particularly helpful for aortic pathology, com-
plex congenital heart disease, and cardiac tumors (Fig.  17.1 ).

   In the CHIRP study (Cardiovascular magnetic resonance 
in pregnancy) by Ducas and colleagues [ 25 ], prospective 
comparison between MRI and transthoracic echocardiogra-
phy demonstrated that there was good correlation between 

data on left ventricular mass, stroke volume, and cardiac out-
put. Interestingly, transthoracic echocardiography was found 
to consistently underestimate the values. This study provides 
us with reference cardiac indexes for normal pregnancy for 
future comparison to various pathological conditions.  

17.3     Basics of Cardiac MRI in the Pregnant 
Patient 

 Although a variety of both traditional and experimental MRI 
protocols can be used to assess the cardiovascular system, a 
few key protocols are essentially the workhorses of cardio-
vascular MRI. Basic anatomical assessment is traditionally 
carried out with black blood and bright blood imaging. In 
black blood imaging, a spin echo technique, the cardiac tis-
sues demonstrate high signal intensity. The blood possesses 
low signal intensity, therefore appearing black. In bright 
blood imaging, a gradient echo technique, the cardiac tissues 
possess low signal intensity and the blood pool is bright, pos-
sessing high signal intensity. Not only is the bright blood 
technique good for anatomical assessment, it also allows 
evaluation of left ventricular and valve function as well as 
assessment of any intracardiac shunts. Similar to the bright 
blood technique, steady-state free precession is sometimes 

a
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  Fig. 17.1    This 37-year-old woman G3P2 presented at 24 weeks’ gesta-
tion with increasing shortness of breath. Coronal gated spin echo ( a ) 
and ( b ) axial cine gated gradient echo images demonstrated a 5 cm right 
atrial pedunculated mass (*). She underwent operative delivery at 28 
weeks followed by removal of a right atrial myxoma       
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used to generate cine images with excellent temporal and 
spatial resolution. To complete functional assessment of the 
valves and any intracardiac shunts, fl ow velocity encoding 
technique or phase contrast is often used. 

 Cardiac and respiratory gating may be necessary to ensure 
good diagnostic quality of the images. Traditionally, cardiac 
gating is used throughout the imaging acquisition. Presence 
of atrial fi brillation or excessive irregular beats can interfere 
with cardiac gating and degrade image quality. Presence of 
respiratory motion can also degrade image quality. Either 
breath-hold technique or respiratory gating should be uti-
lized depending on the length of time needed for image 
acquisition of each sequence. Alternatively, ultra-fast “real- 
time” cardiac MR may be performed without cardiac or 
respiratory triggering [ 60 ]. 

 Particular attention should be paid to patient positioning. 
The gravid uterus may cause venous compression and there-
fore affect baseline hemodynamic function. A study per-
formed by Rossi and colleagues [ 69 ] concluded that patient 
position affects venous return, stroke volume, and cardiac 
output. It is suggested that starting at the 20th week of gesta-
tion, patients should be positioned in the left lateral position, 
rather than the supine position. This is of utmost importance 
in patients that may receive serial exams throughout preg-
nancy. Positioning should remain in the left lateral position 
to assure changes in function are not confounded by the 
supine position. 

 The CHIRP study [ 25 ] detailed MRI fi ndings in normal 
healthy pregnant patients. It is important to understand the 
expected physiological changes that occur during pregnancy 
and the associated fi nding on MRI. The authors demon-
strated an increase in left ventricular end-diastolic volume 
and left ventricular end-diastolic diameter in the third trimes-
ter. There was also a signifi cant increase in left ventricular 
mass. Increase in both heart rate and stroke volume resulted 
in calculated increase in cardiac output in the third 
trimester. 

 The CHIRP study also demonstrated signifi cant increase 
in right ventricular end-diastolic diameter, right ventricular 
mass, and right ventricular volume. Additionally there was 
biatrial enlargement in the third trimester. Interestingly, there 
was no change in the size or geometry of the aortic root or 
ascending aorta during pregnancy.  

17.4     Evaluation of Congenital 
Cardiovascular Diseases 

17.4.1     ASD 

 Atrial septal defects (ASDs) are a fairly common congenital 
heart anomaly and have been found to make up approxi-
mately 13 % of congenital heart disease worldwide [ 76 ]. 
Abnormalities occurring during embryonic formation of the 

heart during organogenesis can result in a variety of different 
defects. The two most common types of ASD are primum 
ASD and secundum ASD. Primum ASD occurs with a defect 
in the most apical section of the intra-atrial septum. In this 
defect, there is an abnormality in the development of the 
endocardial cushions. This type of ASD is often associated 
with malformation of the atrioventricular valves as well as 
ventricular septal defects. The secundum type of ASD results 
from halted formation of the septum secundum. Alternatively, 
this defect also may result from over-absorption of the sep-
tum primum. Secundum ASDs are far more common than 
primum types and are seen twice as frequently in women 
[ 43 ]. ASDs can also involve the sinus venosus and the coro-
nary sinus. Sinus venosus ASDs are quite rare, demonstrat-
ing connection between the superior or inferior vena cava 
and the right pulmonary veins. Ganigara and colleagues [ 34 ] 
point out that diagnosis can be particularly challenging, and 
MRI is an essential diagnostic tool. Involvement with the 
coronary sinus is considered the most rare type. In this form, 
an unroofed coronary sinus connects directly with the left 
atrium. 

 The clinical presentation of patients with ASDs can be 
widely varied depending on the size of the defect and the 
resultant potential left-to-right shunting of blood. Although 
some patients may be asymptomatic for quite some time, 
physiological situations, such as pregnancy, which increase 
demand on the cardiovascular system, may result in symp-
tomatic presentation. Common symptoms include atrial 
arrhythmias or general fatigue, as well as dyspnea. On physi-
cal exam, patients may demonstrate parasternal right ven-
tricular lift. Classically, on auscultation, a fi xed split of the 
S2 heart sound can be heard. Although a systolic ejection 
murmur is often present, this can be easily overlooked as it 
may mimic the physiological murmur of pregnancy. During 
pregnancy, large ASDs may result in congestive heart failure, 
or the patient may also develop atrial arrhythmias, prompting 
a diagnostic workup. Given the hypercoagulable state of 
pregnancy, the development of peripheral deep vein throm-
bosis is of particular concern given the theoretical risk of 
paradoxical embolus. 

 Depending on the acuity of the clinical presentation, 
women may receive initial medical diagnostic workups that 
include EKGs and, in isolated circumstances, a chest 
 radiograph. EKG may show a partial right bundle branch 
block. Depending on the size of the defect, initial radiograph 
may demonstrate enlargement of the right heart and signs of 
pulmonary vascular congestion. Echocardiography is the 
diagnostic test of choice for evaluation of the location and 
extent of the defect. However, in more complicated cases 
cardiac MRI is useful. In fact, more recently MRI is becom-
ing an essential integral part of the complete diagnostic 
workup [ 67 ]. Of particular benefi t, Beerbaum and colleagues 
[ 9 ] demonstrated that cardiac MRI could be used to quantify 
blood fl ow using the phase-contrast cine technique. Cardiac 
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MRI can provide detailed assessment of defect size and loca-
tion and also aid in detection of other associated conditions 
such as anomalous pulmonary venous return. Furthermore, 
MRI can be particularly useful in diagnosing the more rare 
types of ASD such as coronary sinus ASD [ 15 ]. In directly 
comparing cardiac MRI to transesophageal echocardiogra-
phy, Piaw and colleagues [ 64 ] demonstrated cardiac MRI 
cine balanced fast fi eld echo and phase-contrast technique to 
correlate well with measurements obtained via echocardiog-
raphy and provide the added benefi t of additional anatomical 
information. 

 Alpendurada and colleagues [ 3 ] recommend beginning 
the initial MRI evaluation with anatomical images in the 
transaxial, coronal, and sagittal planes using a sequence such 
as single-shot turbo spin echo and single-shot balanced 
steady-state free precession. Cine images are also recom-
mended for adequate anatomical evaluation. For ASDs in 
particular, a short-axis stack in the atrioventricular plane 
may be particularly critical for accurate evaluation. Finally, 
fl ow measurements can be used to assess the dynamic impact 
of the ASD on cardiac function. Similarly, Gulati and col-
leagues [ 42 ], in describing how their institution evaluates 
ASDs, suggest axial black-blood-prepared fast spin echo 
images. This is followed by bright blood steady-state free 
precession cine sequences. Finally velocity-encoded cine 
sequences are used to assess fl ow. 

 In pregnant patients requiring acute invasive intervention, 
such as percutaneous transcatheter ASD closure, MRI has 
proven to be a valuable tool in assessing the impact of inter-
vention. For example, Burgstahler and colleagues [ 13 ] dem-
onstrated the use of MRI to accurately evaluate cardiac 
function post ASD closure. For more detailed and accurate 
assessment, Chen and colleagues [ 16 ] suggest a technique in 
which, following anatomical imaging acquisition, a cine gra-
dient echo-planar sequence is used with a labeling pre-pulse 
to tag across the basal myocardium. Right ventricular tag 
displacement can then be measured and tracked to standard-
ize measurement of right ventricular function.  

17.4.2     VSD 

 Ventricular septal defects (VSDs) while considered the most 
common congenital heart defect are more rare in the adult 
population due to the common occurrence of spontaneous 
closure. As classifi ed by Morello [ 47 ] there are four main 
types of VSD, divided according to anatomical location. 
Type 1 demonstrates infundibular septum defects. In this 
type there is a septal defi ciency between the crista supraven-
tricularis and the aortic and pulmonary valves. Aortic regur-
gitation is common. Type 2 defects are present in the 
membranous septum. This is considered the most common 
type of VSD. If the defect extends into the muscular septum, 

this may be classifi ed as a perimembranous VSD. Type 3 
VSD demonstrates a defect in the inlet septum. The defect is 
therefore located below the level of the mitral and tricuspid 
valves. Type 4 VSD demonstrates defects in the muscular 
septum. This type is not located in close proximity to the 
cardiac valves. An atrioventricular VSD, or Gerbode defect, 
is characterized by a defect in the septum separating the right 
atrium from the left ventricle. This type is exceptionally rare. 

 Severity of clinical symptoms depends on the size and 
location of the defect and the resultant severity of left-to- 
right shunting of blood. Although most women are asymp-
tomatic throughout pregnancy, larger defects may 
potentially result in symptoms associated with left ventric-
ular overload including fatigue and dyspnea. Development 
of pulmonary hypertension or aortic regurgitation is also a 
potential result of larger VSDs. In a study by Karamlou and 
colleagues [ 50 ], women with VSDs in particular, who are at 
increased risk of mortality and peripartum complications, 
often do not receive diagnostic work and care at academic 
centers. Proper diagnostic workup and treatment are criti-
cal given the known increased risk of preeclampsia, prema-
ture labor, and small for gestational age births in women 
with unrepaired VSDs [ 80 ]. 

 Diagnostic workup often begins with an EKG demon-
strating left ventricular hypertrophy. Chest radiography (if 
acquired) often shows nonspecifi c signs such as increased 
pulmonary vascular congestion and left heart enlargement. 
Echocardiography is often the diagnostic imaging test of 
choice to visualize and classify the defect. However, MRI 
may be necessary for more thorough evaluation and deter-
mining need for and timing of potential interventions. MRI 
allows for a more detailed anatomical assessment of the pul-
monary vasculature and allows for quantifi cation of left-to- 
right shunting using phase-contrast cine technique [ 24 ]. 
Specifi c techniques and recommended sequences are similar 
to that detailed in evaluation of the ASD.  

17.4.3     PDA 

 A patent ductus arteriosus (PDA) can occur when the ductus 
arteriosus, or fetal connection between the aorta and the 
main pulmonary artery, fails to undergo natural postnatal 
closure. Although most PDAs are detected and treated early 
in childhood, a few may persist undetected into adulthood. 
Depending on the size of the PDA and the resultant left-to- 
right shunt, there is a potential risk for the development of 
elevated pulmonary vascular resistance. If the defect is sig-
nifi cantly large, patients may present in preeclampsia and 
heart failure due to the increased cardiovascular demands of 
pregnancy [ 2 ]. 

 Initial diagnostic workup often includes a chest radio-
graph demonstrating an enlarged left ventricle and pulmo-
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nary artery as well as increased pulmonary vascular 
congestion. If the PDA is small, the radiograph may appear 
within normal limits. Occasionally calcifi cation of the duc-
tus may be seen on lateral radiograph. Classically, the echo-
cardiography workup shows continuous fl ow within the 
pulmonary artery [ 28 ]. MRI is useful for more complicated 
cases and for surgical planning. MRI allows accurate 
description of the size of the PDA and degree of calcifi ca-
tions [ 4 ]. 

 Because many PDAs are identifi ed and treated in child-
hood, the treatment has the potential to impact the patient 
throughout their adult life. Many of the treatment devices 
and coils are not MRI-compatible and therefore limit diag-
nostic evaluation of the patient during the pregnant and peri-
partum periods. Grifka and colleagues [ 40 ] demonstrate use 
of non-ferromagnetic embolization coils, used for transcath-
eter PDA closure, therefore enabling future successful evalu-
ation with cardiac MRI.  

17.4.4     Aortic Stenosis 

 Valvular aortic stenosis (AS) has a wide variety of potential 
underlying causes. Of note, stenosis can occur at the sub- 
and supravalvular levels in addition to the valvular level. 
Congenitally, AS may result from an abnormal unicuspid or 
bicuspid valve which develops calcifi cations. Alternatively, 
calcifi cations can develop on a trileafl et valve, resulting in 
stenosis. Rheumatic heart valve disease may also result in 
AS, discussed later in this chapter. AS is monitored and clas-
sifi ed based on the antegrade velocity of blood across an 
abnormal valve, resulting in varying degrees of obstruction 
to left ventricular ejection. 

 AS can be asymptomatic until the outfl ow obstruction 
becomes hemodynamically signifi cant. Symptoms are rela-
tively nonspecifi c and include shortness of breath, presyn-
cope/syncope, or angina. Ideally, AS is recognized and 
treated prior to pregnancy, as mortality and morbidity are 
increased in patients with AS during pregnancy and the peri-
partum period. Furthermore, women with severe AS who are 
symptomatic during pregnancy are at increased risk of 
requiring cardiac interventions postpartum [ 75 ]. The 2008 
update of the 2006 ACC/AHA guidelines notes severe AS as 
a condition associated with high maternal risk during preg-
nancy. Furthermore, the guidelines suggest counseling to 
delay conception until after treatment. 

 Diagnostic workup often includes EKG and chest radio-
graphs. Chest radiographs may be normal. Alternatively, one 
might see an enlarged left ventricle or post-stenotic aortic 
dilatation. Diagnosis and evaluation are routinely made by 
echocardiography, which allows for detailed analysis of the 
aortic valve. Although echocardiography is the gold standard 
for assessing the aortic valve, cardiac MRI has proven to be 

useful in assessing associated features. Cardiac MRI has 
been used for assessment of left ventricular volume and 
function. Furthermore MRI allows for more detailed assess-
ment of the myocardium.  

17.4.5     Mitral Valve Prolapse 

 Prolapse of the mitral valve can result in varying degrees of 
mitral regurgitation. Prolapse may be congenital or acquired 
in nature. Prolapse is technically defi ned as one or both 
mitral valve leafl ets projecting into the left atrium during 
systole. This may be due to abnormalities in or disruption of 
the valve leafl ets, the chordae, or the papillary muscles. A 
component of myxomatous degeneration of the valve leafl ets 
may also be present. Mitral valve prolapse is present fre-
quently, and the associated mortality and morbidity with the 
pregnant and peripartum periods are relatively low. However, 
one must consider the possibility of the cardiac demands of 
pregnancy precipitating an arrhythmia. Additionally, there is 
a risk of infective endocarditis, for which prophylactic anti-
biotics may be clinically indicated. 

 Although echocardiography is the most appropriate fi rst 
step in assessment of the mitral valve and evaluation of 
degree of regurgitation associated with valve prolapse, MRI 
is emerging as a valuable tool to aid in diagnosis. Not only 
does MRI provide accurate assessment of the mitral valve 
function, it also often elucidates the underlying cause for 
functional abnormality. Cardiac MRI provides excellent 
insight into the geometry of the mitral annulus. As detailed 
by Morello and Gelfand [ 59 ], the degree of mitral valve pro-
lapse is often best assessed by oblique coronal steady-state 
free precession imaging of the left ventricular outfl ow tract 
or alternatively in the four-chamber view. MRI can further be 
used to quantify severity of regurgitation. This can be 
assessed with volumetric methods or fl ow velocity mapping. 
The precise volume of mitral regurgitation can even be 
obtained through subtraction of the aortic fl ow from left ven-
tricular infl ow [ 59 ]. Cardiac MRI can also be used to assess 
the long-term effects of mitral regurgitation. Left ventricular 
hypertrophy and other changes in right ventricular geometry 
can be accurately detailed.  

17.4.6     Coarctation of the Aorta 

 Coarctation of the aorta is generally defi ned as descending 
aorta narrowing, commonly at the insertion sites of the duc-
tus arteriosus distal to the left subclavian artery. This ana-
tomical variation, a congenital anomaly, results in left 
ventricular pressure overload. Of note, coarctation is usually 
present with other cardiac anomalies such as abnormal 
valves, ASD, or VSD. 
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 If the anomaly is not diagnosed until adulthood, the most 
common clinical presentation is hypertension. In severe 
cases, sequel of hypertension such as stroke or aortic dissec-
tion can also be seen. On physical exam, there is a difference 
in systolic blood pressure between the upper and lower 
extremities. The upper extremities display hypertension, 
while the lower extremities are often hypotensive. 

 ECG is most often normal. Chest radiograph demon-
strates typical fi ndings such as rib notching and contour 
indentation of the aorta at the coarctation site, producing the 
classic “3” sign. Echocardiography is often the fi rst advanced 
imaging modality of choice. However, the [ 12 ] ACC/AHA 
adult congenital heart disease guidelines specify that every 
adult with known coarctation, regardless of repair, is required 
to have at least one cardiac MRI (or CT) for a complete diag-
nostic workup. MRI allows for detailed anatomical analysis 
of the location and extent of the coarctation. Furthermore, 
MRI allows for mapping of collateral vessels. When the 
diagnosis is known prior to conception, MRI has been shown 
to allow for prediction of increased risk for hypertensive 
events. Jimenez-Juan and colleagues [ 48 ] demonstrated that 
smaller aortic dimensions correlated to increased risk of 
hypertensive events during pregnancy in women with coarc-
tation of the aorta. MRI has also been proven as an accurate 
tool to predict catheterization gradient across a coarctation 
[ 61 ] and therefore an excellent alternative to angiography 
during pregnancy.  

17.4.7     Pulmonary Stenosis 

 Pulmonary stenosis can occur at the valvular, subvalvular, or 
supravalvular level. Usually, a trileafl et valve with fi brous 
thickening is identifi ed in a patient with congenital pulmonic 
stenosis. The leafl ets are often described as having a charac-
teristic “fi sh-mouth” appearance. PS is often associated with 
right ventricular hypertrophy. Rarely, stenosis can be seen in 
a bicuspid valve. 

 This anomaly is often missed in childhood and may pres-
ent later in adulthood with increased cardiovascular demand 
such as pregnancy. Patients may present with fatigue, pre-
syncope/syncope, or angina. On auscultation, one might 
detect splitting of the second heart sound or a right-sided 
fourth heart sound. Echocardiography is considered the gold 
standard for assessment of the pulmonic valve. In general, 
PS does not present with signifi cantly increased mortality or 
morbidity in the peripartum period. 

 Although echocardiography is traditionally the gold stan-
dard for diagnostic workup, MRI can be of use for more 
complex cases or for planning intervention. Dedicated 
sequences through the pulmonary valve can be obtained 
using steady-state free precession for an accurate analysis of 
valve function. Flow across the valve is analyzed with 

velocity- encoded phase-contrast images. Furthermore, pul-
monary vasculature can also be assessed with a 3D spoiled 
gradient echo angiographic sequence [ 66 ]. MRI cine images 
demonstrate thickened valve leafl ets that take on a dome- 
shaped appearance due to restricted motion. Furthermore, 
cine images often show a dark jet across the pulmonic valve 
due to dephasing caused by high velocity [ 66 ].  

17.4.8     Tetralogy of Fallot 

 Tetralogy of Fallot, fi rst described in 1889 by Étienne-Louis 
Arthur Fallot, is one of the most common congenital cya-
notic heart conditions. Although detection and subsequent 
surgical repair are becoming increasingly more common 
shortly after birth, rarely women do present during preg-
nancy or the peripartum period with an unrepaired defect. 
Tetralogy of Fallot consists of four key anatomical abnor-
malities. First, patients demonstrate pulmonary stenosis. The 
point of maximal stenosis can vary but is most commonly in 
the infundibular position. Second, there is a presence of a 
usually large ventricular septal defect (VSD). Of note, there 
may be multiple VSDs present. The VSD is typically present 
in the perimembranous region and may extend into the mus-
cular septum. Third, there is deviation of the aorta rightward 
such that the aorta overrides the VSD, receiving blood fl ow 
from both ventricles. Fourth, pulmonary stenosis results in 
right ventricular hypertrophy. Postoperative evaluation will 
be discussed later in this chapter. 

 Given the altered hemodynamic fl ow, patients are acutely 
sensitive to changes in systemic vascular resistance. Changes 
that occur throughout pregnancy and particularly in labor 
and delivery create a potential situation of acute cyanosis 
that carries a high risk of mortality and morbidity for both 
the mother and the fetus. 

 Workup generally begins with a chest radiography dem-
onstrating a “boot-shaped” cardiac silhouette. 
Echocardiography is typically the primary method for 
 diagnosis and evaluation. Partington and Valente [ 62 ] 
describe in detail how to approach evaluation with cardiac 
MRI. It is critical to visualize and evaluate the entirety of the 
right ventricular outfl ow tract (RVOT). There is a spectrum 
of varying severities of obstruction that is seen in tetralogy of 
Fallot. The RVOT should be visualized in long-axis as well 
as two- chamber cine views, thus allowing accurate assess-
ment of the hemodynamic fl ow through the tricuspid valve. 
One should look carefully for RVOT aneurysms as well as 
valve abnormalities. If needed in the case of distal pulmo-
nary stenosis, additional sequences such as MRA can be 
added for further assessment of the pulmonary artery. 
Particularly in the peripartum period, detailed and accurate 
assessment of right ventricular function is needed. Potential 
dysfunction of the left ventricle should also be evaluated. 

K.E. Hoque and P.M. Colletti



347

Often found concurrently with RVOT, pulmonary regurgita-
tion can be easily identifi ed and assessed with cardiac 
MRI. A plethora of variations and anomalies can be found in 
tetralogy of Fallot, and cardiac MRI is excellent for provid-
ing detailed anatomical assessment. One can assess for vari-
ations in coronary anatomy, presence of a right-sided aortic 
arch, and anomalies in the pulmonary arteries. Cardiac MRI 
can provide critical diagnostic details, providing anatomical 
information about the entire heart, valves, and many associ-
ated vascular anomalies.  

17.4.9     Ebstein Anomaly 

 Ebstein anomaly results from congenital malformation of the 
tricuspid valve and right ventricle. Normally, the valve con-
sists of three leafl ets: the anterior, posterior, and septal. In 
Ebstein anomaly, the leafl ets extend below the anatomical 
annulus and form varying types of attachment to the ventri-
cle. The leafl ets themselves often display abnormal morphol-
ogy with a wide spectrum of dysplasia and dysfunction. 
Several classifi cation systems have been proposed to describe 
the wide range of pathology seen in this condition encom-
passing both anatomical and functional descriptions (see 
[ 35 ] for a review). Most recently, and perhaps most relevant 
to radiographic descriptions, a classifi cation was proposed 
by Derani and Danielson [ 23 ] which incorporates both echo-
cardiographic appearance and fi ndings at the time of surgical 
evaluation, grading the defect I, II, III, or IV. 

 Although this congenital cyanotic heart anomaly is often 
recognized in infancy or childhood, it may have rare presen-
tation in the adult population. In adults, Ebstein anomaly is 
most likely to present with arrhythmias. Certainly the 
increased cardiovascular demands of pregnancy can poten-
tially precipitate symptoms such as arrhythmia. 

 If performed, initial chest radiography will often demon-
strate features consistent with right atrial enlargement, and 
EKG will demonstrate congruent fi ndings and frequently 
demonstrates right bundle branch block. More thorough 
evaluation is generally performed with echocardiography. 
However, MRI can be a useful tool for evaluation of more 
complex cases. MRI allows for further detailing of the tricus-
pid valve, detailing the severity of tricuspid regurgitation and 
providing functional data on the ventricles as well as ven-
tricular volume. If present, as in some cases, the extent of 
right-to-left shunt can also be assessed. In Ebstein anomaly, 
the right ventricle is divided into two portions. The atrialized 
portion lies above the attachment of the abnormal leafl ets, 
and the remaining functional right ventricle lies below the 
leafl et attachments. Cardiac MRI allows for full analysis of 
the atrialized portion, functional portion, and total right ven-
tricle through the use of cine four-chamber views and axial 
and short-axis views [ 35 ].  

17.4.10     Tricuspid Atresia 

 In tricuspid atresia there is either congenital absence or agen-
esis of the tricuspid valve. This results in lack of communica-
tion between the right atrium and right ventricle. There are 
varying types of atresia with classifi cation based on the ana-
tomical fi ndings. There is, for example, muscular atresia, 
membranous atresia, and valvular atresia. Valvular anoma-
lies are always associated with an atrial septal defect that 
allows communication of blood from the right to the left ven-
tricle. There is also, due to alteration in hemodynamic fl ow, 
right ventricular hypertrophy. Quite often, there is a VSD as 
well. Other potential associations include obstruction of the 
pulmonary outfl ow tract and a hypoplastic pulmonary artery. 
The great arteries may be in normal anatomical position or 
transposed. Tricuspid atresia is generally classifi ed into three 
types, based on anatomical fi ndings. 

 Rarely, tricuspid atresia goes undetected into adulthood; 
however there have been several case reports of adults suc-
cessfully delivering babies with uncorrected tricuspid atresia 
[ 10 ]. Cardiac MRI can be helpful in distinguishing tricuspid 
atresia from Ebstein anomaly. Initial imaging with chest 
radiography demonstrates nonspecifi c fi ndings depending 
on pulmonary blood fl ow. Sometimes, fi ndings consistent 
with right atrial enlargement are present. Patients are typi-
cally evaluated with echocardiography. However, MRI is 
becoming an increasingly more essential piece of the diag-
nostic workup, especially in pre- and postsurgical evalua-
tion. MRI can provide essential information about ventricular 
volume and shunt dynamics, as well as provide detailed ana-
tomical information about the valves. MRI is particularly 
useful in differentiating the different types (I-IV) of tricus-
pid atresia based on the signal intensities of the atrioven-
tricular sulcus [ 32 ].  

17.4.11     Transposition of the Great Vessels 

 Transposition of the great vessels is most commonly seen in 
the dextro variant, in which the pulmonary artery arises from 
the left ventricle and the aorta from the right ventricle. 

 Because transposition of the great vessels is nearly always 
detected and surgically corrected in infancy, the relevance in 
its native state during pregnancy and the peripartum period is 
small.  

17.4.12     Truncus Arteriosus 

 In truncus arteriosus, a single large trunk arises from both 
ventricles and gives rise to both the aorta and the pulmonary 
arteries. In this cyanotic congenital lesion, there is a single 
semilunar valve, which can demonstrate a wide variety of 

17 Magnetic Resonance Imaging of Cardiovascular Diseases in Pregnancy



348

morphologies. This anomaly is typically associated with a 
ventricular septal defect. Variant anomalies of the aorta, such 
as a right-sided aortic arch, are also commonly seen with 
truncus arteriosus. It is exceedingly rare for a patient to make 
it to childbearing age with this congenital lesion without 
some type of surgical correction. 

 If patients do survive into adulthood without surgery, they 
typically display clinical symptoms consistent with 
Eisenmenger syndrome (discussed later), which carries a 
high morbidity and mortality when associated with preg-
nancy. Cardiac MRI can be a critical tool for providing ana-
tomical and functional information. As explained by Fogel 
and Crawford [ 33 ], detailed analysis using steady-state free 
precession, cine imaging, and velocity mapping allows for 
evaluation of the exact type of common trunk as well as 
branches and collateral vessels. Functional assessment of the 
semilunar valve is also achieved. Determining aortic arch 
hypoplasia or interruption is particularly important for deter-
mining where the lesion falls in the different classifi cation 
schemes.  

17.4.13     Single Ventricle 

 Patients with a single ventricle have a single large ventricular 
chamber that received blood from both the right and left 
atria. This rare condition is often associated with transposi-
tion of the great vessels and with pulmonary stenosis. 
Although there are scattered successful pregnancies reported, 
this lesion carries with it high peripartum morbidity and 
mortality for both the mother and the fetus. Patients are at 
greatest risk for thromboembolic disease and congestive 
heart failure. Use of MRI can profi le critical information 
about the ventricular volume and function prior to and fol-
lowing any surgical intervention.  

17.4.14     Eisenmenger Syndrome 

 Eisenmenger syndrome encompasses a spectrum of congeni-
tal lesions, all of which result in severe pulmonary hyperten-
sion and pulmonary vascular obstructive disease. Lesions 
producing this effect, including ASDs, VSDs, and PDAs, 
allow mixing of systemic and pulmonary circulation and 
therefore cyanosis. Pulmonary vascular occlusive disease 
results in shunt reversal or bidirectional shunting. In this rare 
condition there is a high risk of maternal mortality and mor-
bidity during the peripartum period [ 53 ]. Women with this 
condition are recommended to avoid conception. As sys-
temic vascular resistance decreases during pregnancy, there 
is an increase in the right-to-left shunting of blood, resulting 
in decreased arterial oxygen saturation. Ultimately, this cre-
ates heightened hypercoagulability and increases risk of 

thromboembolism. The sudden hemodynamic changes that 
occur during labor and delivery are poorly tolerated and par-
ticularly dangerous in this condition. 

 Detailed diagnostic evaluation of Eisenmenger syndrome 
is of utmost importance. Given the profound risk of both 
maternal and fetal mortality and morbidity with this condi-
tion, a diagnosis of Eisenmenger syndrome may lead some 
to consider termination of a pregnancy. Furthermore, accu-
rate diagnosis during the prepartum period is important, as it 
will infl uence a patient’s decision to proceed with 
conception. 

 Initial chest radiography often demonstrates enlargement 
of the pulmonary arteries with peripheral pruning of the vas-
culature. On cardiac MRI, there is evidence of right ventricu-
lar hypertrophy and often paradoxical bulging of the septum 
toward the left ventricle. As the disease increases in severity, 
one may expect to see right ventricular enlargement and evi-
dence of hypokinesis on cine imaging. Detailing the anatom-
ical defect, allowing the shunt, and quantifying the degree of 
shunt can be done with MRI. Furthermore, the tricuspid and 
pulmonic valves can be evaluated for regurgitation. Full ana-
tomical evaluation with MRI as well as other imaging 
modalities allows for accurate clinical decision-making and 
prognostication.  

17.4.15     Marfan Syndrome 

 Marfan syndrome is an autosomal dominant connective tis-
sue disorder. This disorder affects the entire body, with nota-
ble pathology often appreciated in the eyes, cardiovascular 
system, musculoskeletal system, pulmonary system, and 
skin. Specifi cally, within the cardiovascular system, there is 
often aneurysmal dilatation of the aortic root. Aortic valvular 
regurgitation may be present. Mitral valve prolapse may also 
be present with abnormal morphology of the mitral leafl ets. 

 Due to the inherent abnormal dilatation of the aortic root 
in Marfan syndrome, peripartum patients are at particularly 
high risk of aortic dissection, aortic regurgitation, or even 
aortic rupture. Please see Fig.  17.2 . Increased risk of dissec-
tion is multifactorial, likely due to changes in hemodynam-
ics, shifts in hormonal balance, and the inherent defi cit of 
aortic wall elastic fi bers [ 39 ]. Chest radiography typically 
reveals dilatation of the thoracic aorta. In the pregnant 
patient, further anatomical evaluation with cardiac MRI is 
preferred over cardiac CT. Krishnam and colleagues [ 54 ] 
have found that use of unenhanced steady-state free preces-
sion magnetic resonance angiography can be used for accu-
rate diagnosis and assessment of thoracic aortic disease 
without the need for gadolinium-based contrast agents. The 
2010 [ 44 ] ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/
STS/SVM guidelines for the diagnosis and management of 
patients with thoracic aortic disease point out that MRI may 
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in fact be superior to echocardiography given its ability to 
fully characterize anatomical variants and collateral branches 
while also assessing valve pathology and providing data on 
left ventricular function. Functional data and measurements 
of aortic root dilatation allow for accurate decision-making 
regarding need for medical management or surgical repair. 
Should a complication such as aortic dissection occur during 
pregnancy or the peripartum period, cardiac MRI is a valu-
able tool for assessment and follow-up after medical or sur-
gical management.

17.4.16        Absence of the Left Pericardium 

 Congenital absence of the pericardium is a rare but important 
diagnosis to accurately characterize. This congenital anom-
aly can either result in absence of the left pericardium or 
absence of the entire pericardium. While absence of the 
entire pericardium is typically asymptomatic and has a low 
mortality and morbidity rate in pregnancy, absence of the left 
pericardium can result in strangulation of the left atrial 
appendage. Patients can present with conspecifi c symptoms 
such as chest pain and presyncope/syncope. In the presence 
of other associated congenital abnormalities such as ASD, 
there is also a risk of emboli. 

 Chest radiography and echocardiography are not ideal for 
accurate evaluation of the pericardium. Therefore, in preg-
nancy MRI is the preferred diagnostic modality for evalua-
tion of this congenital defect. In a case report by Yamano and 
colleagues [ 79 ], a patient presented with atypical chest pain. 

While radiography and echocardiography supported a diag-
nosis of complete absence of the pericardium, cardiac MRI 
allowed for more detailed evaluation and revealed absence of 
the left pericardium, prompting prophylactic surgical 
management.   

17.5     Evaluation of Acquired 
Cardiovascular Diseases 

17.5.1     Preeclampsia 

 Development of hypertension in pregnancy is a fairly com-
mon occurrence and prompts careful diagnostic workup and 
diligent clinical management to avoid potential maternal and 
fetal complications. Preeclampsia is diagnosed when a previ-
ously normotensive woman beyond 20 weeks’ gestation 
presents with new-onset hypertension and signs of end-organ 
dysfunction or proteinuria. Eclampsia is diagnosed with the 
development of seizures in a patient with preeclampsia. 
Although hypertension in pregnancy does not directly affect 
the myocardium in isolation, the change in hemodynamics 
creates potential functional changes that may become appar-
ent on cardiac MRI evaluation. As detailed by Hamad and 
colleagues [ 65 ], the normal pregnant hemodynamic profi le is 
characterized by increased cardiac output and decreased sys-
temic vascular resistance. However, in preeclampsia there is 
decreased cardiac output and increased systemic vascular 
resistance [ 65 ]. This shift often leads to changes in left 
 ventricular structure and function. Ultimately, the authors 

a b

  Fig. 17.2    A 27-year-old woman with Marfan syndrome with back pain 
and decreased right femoral pulse at 27 weeks’ gestation and history of 
mechanical aortic valve replacement. ( a ,  b ) Sagittal ( a ) and axial ( b ) 
gated steady-state free precession breath-hold MR images show sternal 

surgical artifact and mechanical aortic valve ( oval ,  a ), descending aortic 
dissection ( asterisks  indicate true lumen), fetus with placenta (p), and 
right iliac dissection extension ( circle ,  b ) (Reprinted with permission 
from the American Journal of Roentgenology Colletti et al. [ 19 ])       
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demonstrated impaired left ventricular function, increase in 
left ventricular wall thickness, and atrial enlargement in 
 preeclamptic patients. 

 While cardiac MRI is not traditionally indicated in evalu-
ation and follow-up of a patient with preeclampsia, many 
cardiac conditions may be complicated by preeclampsia, and 
patients may be imaged for a different diagnostic purpose. 
Therefore it is important to understand and recognize subtle 
changes in left ventricular appearance and function. Through 
anatomical and cine imaging, these changes can be 
appreciated.  

17.5.2     Myocarditis 

 Myocarditis, an infl ammatory process, can affect a focal por-
tion of or diffusely involve the myocardium. There are a 
myriad of underlying causes of myocardial infl ammation. 
Causes include infectious diseases such as bacterial and viral 
and other more rare etiologies such as mycotic or parasitic 
organisms. Noninfectious causes leading to myocardial 
infl ammation should also be considered. 

 Clinical presentation is nonspecifi c and generally associ-
ated with typical viral symptoms such as fever and myalgia. 
Severity of cardiac-associated symptoms can vary widely 
with the degree of myocardial involvement. Cardiac symp-
toms are also nonspecifi c and often include fever, fatigue, 
shortness of breath, or palpitations. Tachycardia is often 
present. Severe cases with diffuse myocardial involvement 
may present with collapse of the circulatory system. 
Myocarditis is often associated with presence of a pericardial 
effusion and therefore may also present with cardiac tam-
ponade. In the most severe form, myocarditis may result in 
sudden death. 

 Initial diagnostic workup with chest radiography often 
reveals enlargement of the cardiac silhouette, due to cardiac 
enlargement and/or pericardial effusion. Echocardiography 
is often performed and may reveal edema of the myocar-
dium. Other typical fi ndings include mural thrombi. Careful 
evaluation of the mitral and tricuspid valves must be per-
formed to detect regurgitation. 

 Cardiac MRI is becoming an increasingly more promi-
nent tool in the diagnostic workup of non-ischemic cardiac 
disease. Not only does cardiac MRI accurately characterize 
the left ventricular volume and function, post-contrast imag-
ing demonstrates patchy areas of delayed contrast enhance-
ment. A study by De Cobelli and colleagues [ 22 ] comparing 
biopsy to contrast-enhanced MRI revealed that MRI is a use-
ful noninvasive tool for the diagnosis of myocarditis through 
demonstration of patchy areas of late enhancement. However, 
use of gadolinium-based contrast agents in pregnancy is gen-
erally avoided. Therefore, a new paper by Goenka and col-
leagues [ 38 ] details use of T2 mapping. The authors explain 

that prolongation of T2 relaxation, a result of increased 
mobility in edematous myocardium, results in increased T2 
signal intensity. Quantitative T2 mapping can be employed 
for more sensitive and accurate interpretation of the data in 
the form of T2 mapping. The authors state a T2 steady-state 
free precession technique is preferred. Cardiac MRI can be 
used to monitor disease progression and/or response to 
treatment.  

17.5.3     Peripartum Cardiomyopathy 

 Peripartum cardiomyopathy (or pregnancy-associated car-
diomyopathy) is a rare but potentially very dangerous cause 
of heart failure during the third trimester or the immediate 
postpartum period. Peripartum cardiomyopathy is idiopathic. 
Although a variety of underlying pathophysiological pro-
cesses have been proposed, none have been defi nitely proven 
to cause the condition. Peripartum cardiomyopathy is there-
fore a diagnosis of exclusion. Other causes of heart failure, 
such as congenital structural defects, and metabolic or toxic 
causes must be excluded. 

 Patients typically present with dyspnea and other classic 
symptoms of heart failure. Cough and hemoptysis are often 
present, as the association with pulmonary embolus is rela-
tively high. Initial evaluation with chest radiography typi-
cally shows nonspecifi c fi ndings such as cardiac silhouette 
enlargement. Findings consistent with pulmonary edema and 
pleural effusions may also be present. Echocardiography is 
typically performed and demonstrates marked decrease in 
left ventricular function, without obvious structural defect. 
The right ventricle may also be involved. Cardiac MRI is a 
useful tool for more specifi c and detailed evaluation and is 
generally thought to be required to make the diagnosis. In 
addition to assessment of left ventricular volume and func-
tion, cardiac MRI allows for detailed assessment of the 
myocardium. 

 Arora and colleagues [ 6 ] presented a case collection of 
peripartum cardiomyopathy evaluated with cardiac MRI. The 
authors suggest employing a standard cardiac MRI technique 
which includes two- and four-chamber views, balanced 
steady-state free precession, T2 breath-hold and double 
inversion recovery sequences, and T2 ratio data to evaluate 
edema. In particular, late gadolinium enhancement was also 
assessed with a breath-hold, inversion recovery gradient 
echo sequence following a 15 min delay from contrast 
administration. The authors concluded through retrospective 
review that late gadolinium enhancement is associated with 
poor prognosis in patients with peripartum cardiomyopathy. 
Similarly, in another case study [ 7 ], cardiac MRI demon-
strated global hypokinesis, reduction in left ventricular func-
tion, evidence of myocardial infl ammation/edema on T2 
imaging, and, most notable, delayed myocardial enhance-
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ment. Please see Figs.  17.3 ,  17.4 ,  17.5 , and  17.6 . Cardiac 
MRI is also useful for identifi cation of a potential high-yield 
myocardial biopsy site, should tissue sampling be needed for 
further management [ 11 ].

17.5.4           Hypertrophic Cardiomyopathy 

 Hypertrophic cardiomyopathy occurs in genetically pre-
disposed individuals, resulting in varying morphological 
manifestations of left ventricular hypertrophy. The struc-
tural changes lead to a hyperdynamic left ventricle and 
can, depending on the lesion location, result in left ven-

tricular outfl ow tract obstruction or even diastolic dysfunc-
tion. Clinical presentation varies widely depending on the 
anatomical location and extent of the hypertrophy. Patients 
can range from a virtually asymptomatic state to severe 
heart failure or even death. Of note, even for patients that 
are asymptomatic prior to conception, there is a risk that 
the shift in hemodynamic function in pregnancy there 
could be precipitation of symptoms and worsening heart 
failure. There is also a theoretical increased risk of arrhyth-
mias in pregnancy in patients with these underlying condi-
tions. In an extensive case selection of patients with 
hypertrophic cardiomyopathy, Maron and colleagues [ 57 ] 
found with the use of cardiovascular MRI that areas of left 

a b

c d

  Fig. 17.3    Patient is a 31-year-old female with history of postpartum 
cardiomyopathy. This study demonstrates cardiomyopathy with four- 
chamber dilatation and poor contractility as well as moderate mitral 
regurgitation and moderate to severe tricuspid regurgitation. A small 
pericardial effusion is seen. The left ventricle demonstrates hypocon-
tractility and hypokinesis throughout the cardiac cycle. Ejection frac-
tion: 11.5 % (normal range 50–70 %). End-diastolic volume index: 
116.8 ml/m 2  (normal range 50–84 ml/m 2 ). End-systolic volume index: 
102.8 ml/m 2  (normal range 17–37 ml/m 2 ). Stroke volume: 27.7 ml. 

Cardiac output: 0.12 lt min/m 2  (normal range 2.6–4.2 lt/min/m 2 ). 
Bilateral pleural effusions and bibasilar parenchymal consolidations 
also noted. ( a ) Steady-state free precession 3-chamber image demon-
strating mitral regurgitation ( arrow ). ( b ) Steady-state free precession 
4-chamber image demonstrating tricuspid regurgitation ( arrow ). ( c ) 
Steady-state free precession 4-chamber image from cine demonstrating 
end-diastole. ( d ) Steady-state free precession 4-chamber image from 
cine demonstrating end-systole       
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ventricular hypertrophy are often segmental and non-dif-
fuse. Furthermore, the case series demonstrated that the 
anterior left ventricular wall is more commonly and pre-
dominantly affected. 

 Although diagnostic evaluation is typically completed 
with echocardiography, many have recently noted that car-
diovascular MRI may provide a more thorough and specifi c 
evaluation. In hypertrophic cardiomyopathy, there is typi-
cally asymmetric thickening of the intraventricular septum. 
MRI is thought to be superior to echocardiography in detailed 
evaluation of segmental areas of left ventricular hypertrophy 
that may be missed or misrepresented on echocardiography 
[ 56 ]. Furthermore, cardiac MRI potentially detects other 
associated pathologies such as scarred apical aneurysms, 
systolic dysfunction, and massive left ventricular hypertro-
phy [ 56 ]. In the postpartum patient, contrast-enhanced stud-

ies also allow assessment of myocardial fi brosis, which 
allows for better risk stratifi cation and selection of appropri-
ate management.  

17.5.5     Acute Pericarditis 

 Acute pericarditis, or infl ammation of the pericardium, can 
be due to a variety of etiologies. Although the most common 
form of pericarditis is idiopathic, other common causes 
include posttraumatic, iatrogenic, and infectious (viral and 
bacterial). Patients typically present with chest pain, which 
classically is exacerbated by leaning forward. Although the 
disease course of pericarditis is often mild and self-limited, 
increased cardiovascular demands of pregnancy can heighten 
symptoms. Chest radiography is nonspecifi c and may show 

a b

  Fig. 17.4    Patient is a 26-year-old female with acute chest pain, severe 
hypertension, and cardiomyopathy after a recent pregnancy. This study 
demonstrates marked left ventricular hypertrophy and left ventricular 
enlargement, consistent with biventricular cardiomyopathy. There is 
diffuse global systolic hypokinesis. Both mild mitral regurgitation and 
mild tricuspid regurgitation are present. There is a small pericardial 
effusion. Left ventricular end-diastolic volume is 246.2 craniocaudal 
(normal range for females is 52–141 cc). The end-systolic volume is 
192.7 cc (normal range for females is 13–51 cc). The left ventricular 
stroke volume is 53.5 cc (normal range is 33–97 cc for females). Left 
ventricular mass is 279.4 g (normal range is 75–175 g for females). The 

ejection fraction is diminished at 21.7 % (normal range is 56–78 %). 
The right ventricular end-diastolic volume is 249.7 (normal range is 
58–154 cc for females). The end-systolic volume is 153.5 cc (normal 
range is 12–68 cc for females). The stroke volume is 96.1 cc (normal 
range is 35–98 cc for females). The right ventricular ejection fraction is 
also diminished, to a lesser extent compared to the left ventricle, at 
33.5 % (normal range is 47–80 % for females). ( a ) Steady-state free 
precession bright blood 2-chamber image from cine demonstrating end- 
diastole. ( b ) Steady-state free precession bright blood 2-chamber image 
from cine demonstrating end-systole       
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a b

  Fig. 17.5    Patient is a 36-year-old female with peripartum cardiomy-
opathy. This study demonstrates global hypokinesis of left ventricle 
with mild left ventricular and left atrial enlargement. There is also mild 
mitral regurgitation and trace aortic regurgitation. Left ventricular end- 
diastolic volume is 162 craniocaudal (normal range for females is 
52–141 cc). The end-systolic volume is 116 cc (normal range for 

females is 13–51 cc). The left ventricular stroke volume is 46 cc (nor-
mal range is 33–97 cc for females). The ejection fraction is diminished 
at 28 % (normal range is 56–78 %). ( a ) Steady-state free precession 
4-chamber image from cine demonstrating end-diastole. ( b ) Steady- 
state free precession 4-chamber image from cine demonstrating 
end-systole       

a b c

  Fig. 17.6    Patient is a 28-year-old female with peripartum cardiomy-
opathy. This study demonstrates dilated cardiomyopathy. There is 
suggestion of non-compaction of the left ventricle. Additionally, 
there is abnormal delayed gadolinium enhancement in a predomi-
nantly patchy mesocardial pattern. There is also moderate mitral and 
mild tricuspid valve regurgitation. There is a small-volume pericar-
dial effusion and trace bilateral pleural effusions. Incidentally, it was 
noted that there was a normal variant bovine arch and a possible pat-
ent foramenovale. Left ventricular end-diastolic volume is 179.9 cra-
niocaudal (normal range for females is 52–141 cc). The end-systolic 

volume is 119.4 cc (normal range for females is 13–51 cc). The left 
ventricular stroke volume is 60.5 cc (normal range is 33–97 cc for 
females). The ejection fraction is diminished at 33.6 % (normal range 
is 56–78 %). ( a ) Steady-state free precession 2-chamber image dem-
onstrating mitral regurgitation ( arrow ). ( b ) Delayed enhancement 
4-chamber image demonstrating delayed enhancement of nearly the 
entire left ventricle, predominantly of the mesocardium. ( c ) Delayed 
enhancement short-axis image demonstrating delayed enhancement 
of the left ventricle       
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an enlarged cardiac silhouette. Although echocardiography 
has traditionally been the imaging modality of choice in 
pregnancy, cardiac MRI is emerging as a useful tool for more 
detailed evaluation. Not only does MRI provide information 
on the extent of involved pericardium, it also potentially dis-
covers other associated abnormalities. In the European 
Association of Cardiovascular Imaging position paper 
“Multimodality imaging in pericardial disease” [ 21 ], Cosyns 
and colleagues detail the strengths of cardiac MRI in evalua-
tion of pericarditis. As detailed by the authors, the black 
blood T1 spin echo sequence is ideal for anatomical evalua-
tion of the pericardium. Pericardial thickness can be mea-
sured and other thoracic abnormalities are detected. In 
contrast, black blood T2-weighted spin echo sequences are 
excellent to evaluate the pericardial fl uid and presence of 
myocardial edema. Gradient echo cine images with steady- 
state free precession and cine imaging assess cardiac func-
tion. Tagging techniques can be used to further evaluate 
adhesions in constrictive pericarditis. In the postpartum 
patients, contrast-enhanced studies including dynamic con-
trast enhancement techniques and late gadolinium enhance-
ment allow more in-depth evaluation of blood supply and 
potential myocardial involvement. 

 Naturally, similar MRI sequences are useful in evaluation 
of a pericardial effusion and pericardial cysts or for evalua-
tion of pericardial restriction.  

17.5.6     Coronary Artery Disease 
and Myocardial Infarction 

 The spectrum of coronary artery disease ranges from clini-
cally insignifi cant lesions to signifi cant pathology resulting in 
acute myocardial infarction. Typically the workup for anginal 
chest pain includes an EKG and chest radiography followed 
by echocardiography, stress testing, and angiographic evalua-
tion with potential intervention if clinically appropriate. 
However, the pregnant patient presents a unique set of clinical 
challenges. Exposure to ionizing radiation should be mini-
mized if at all possible. Within recent years, we have seen a 
gradual increase in the average maternal age, with patients 
conceiving in the fourth and even fi fth decades. Therefore, 
there has been a concurrent rise in the amount and severity of 
cardiovascular disease in our pregnant population. 

 Not only does atherosclerotic vascular disease present in 
the pregnant population, other coronary pathologies such as 
dissection, thrombus, spasm, and embolism have also been 
reported in pregnant patients [ 27 ]. 

 Fortunately, MRI has emerged as a tool to provide accu-
rate evaluation of coronary artery pathology. Coronary MR 
angiography can be performed without the use of contrast 
and allows noninvasive assessment without use of ionizing 
radiation. Recent advances in technique have improved diag-

nostic quality of imaging, enabling increased clinical utility. 
Ishida and Sakuma [ 46 ] detail nuances of the angiographic 
technique. In short, the authors suggest a free-breathing, 
navigator echo respiratory gating technique with concurrent 
use of an abdominal belt to minimize patient movement. The 
authors additionally recommend a narrow data acquisition 
window. Further evaluation with other standard cardiac MRI 
sequences allows assessment of cardiac function in the case 
of resultant myocardial infarction. Specifi cally, T2-weighted 
images allow for detection of acute infarct-associated myo-
cardial edema [ 27 ]. Of note, the region of myocardial edema 
on cardiac MRI is typically larger than the area of irrevers-
ible myocardial injury [ 81 ]. 

 Interestingly, a large case review by Elkayam and col-
leagues [ 30 ] revealed that in contrast to nonpregnant patients, 
the majority of myocardial infarctions in pregnant patients 
were not actually due to atherosclerotic disease of the coro-
nary arteries. Also of note, the authors found that specifi cally 
in pregnant patients, there was frequent involvement of the 
LAD and LM coronary arteries, and one of most common 
areas affected was the anterior wall. This can result in 
reduced function and potentially profound symptomatic pre-
sentation including cardiogenic shock.  

17.5.7     Rheumatic Heart Disease 

 Although there is declining prevalence of rheumatic heart 
disease in the developed countries, the disease remains 
fairly pervasive in underdeveloped countries. Acute rheu-
matic fever results from infection with group A streptococ-
cus. After the initial viral infection and a latent period of 
2–3 weeks, patients may present with acute carditis. The 
 presentation of acute disease typically involved the entirety 
of the heart and includes a component of valvulitis. 
Following the acute presentation of rheumatic fever, the 
sequel of chronic disease, rheumatic heart disease, can be 
evident. 

 Although pregnant patients are usually initially evalu-
ated with echocardiography, MRI evaluation has the poten-
tial to provide a more detailed anatomical assessment of the 
degree of disease involvement. Acute rheumatic fever typi-
cally involves the pericardium. Pericardial effusions can 
often be complex and loculated [ 55 ]. Furthermore, MRI has 
the benefi t of distinguishing constrictive pericarditis from 
restrictive cardiomyopathy [ 55 ]. As in other disease pro-
cesses, MRI also enables assessments of cardiac volume 
and function. 

 Chronic rheumatic heart disease most frequently results 
in mitral stenosis. This ultimately results in a large diastolic 
gradient, elevation in left atrial pressure, and development of 
pulmonary edema [ 31 ]. Patients typically present with dys-
pnea and symptoms of fl uid overload. With the sudden 
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hemodynamic shifts during pregnancy, labor, and delivery, 
there is a high risk of mortality and morbidity in severe cases. 
Although mitral stenosis is the most common effect of 
chronic rheumatic heart disease, mitral regurgitation, aortic 
stenosis, and aortic regurgitation can also occur.  

17.5.8     Primary Pulmonary Hypertension 

 Primary pulmonary hypertension is a rare but potentially 
very dangerous clinical condition. The diagnosis is one of 
exclusion, as pulmonary hypertension is present without a 
known underlying cause. This progressive clinical condition 
is associated with shortness of breath, fatigue, pain, and syn-
cope. Symptoms progressively worsen, and patients often 
have a short life expectancy at the time of clinical 
presentation. 

 Given that primary pulmonary hypertension is a diagnosis 
of exclusion, diagnostic workup is often extensive. 
Echocardiography and pulmonary function tests often take a 
central role. Other diagnostic tests such as ventilation- 
perfusion scanning are also often used. Cardiac MRI has 
emerged as an additional tool, given its ability to accurately 
assess right ventricular size and function. Therefore, MRI 
aids in forming an accurate prognosis to help guide clinical 
decision-making [ 41 ]. Furthermore, Grothues and colleagues 
[ 41 ] demonstrated excellent reproducibility during cardiac 
MRI to evaluate right ventricular function. For this reason, 
cardiac MRI is an excellent tool for serial follow-up exami-
nation to monitor disease progression. 

 During pregnancy, efforts must be made to reduce ioniz-
ing radiation to the fetus. Therefore, other nontraditional 
diagnostic techniques should be considered for further evalu-
ation of primary pulmonary hypertension. In addition to pro-
viding anatomical assessment and functional assessment of 
ventricular volume and function, phase-contrast velocity 
mapping can be used to assess blood vessel fl ow patterns 
[ 63 ], allowing for detailed assessment of blood fl ow dynam-
ics within the pulmonary arteries. MRA can further be used 
for assessment of the pulmonary arteries.  

17.5.9     Infective Endocarditis 

 Infective endocarditis can result from a variety of underlying 
conditions such as rheumatic heart disease and IV drug abuse. 
In the pregnant patient, timely diagnosis is critical to avoid 
serious maternal and fetal mortality and morbidity. Blood cul-
tures may reveal organisms such as viridans streptococci, 
enterococci, or  Staphylococcus aureus . Echocardiography is 
often the initial diagnostic modality of choice and is used to 
assess for valvular vegetation. In the case where echocardiog-
raphy becomes limited, for example, if there is a diffi cult 

acoustic window, cardiac MRI may be used for further assess-
ment of the valves. 

 Of note, in this systemic disease process, MRI becomes 
useful for evaluation of extracardiac complications. Brain 
MRI is particularly critical to assess for cerebrovascular 
complications. MR angiography is also a useful tool to assess 
for presence of or follow up mycotic aneurysms [ 73 ].  

17.5.10     Vascular Dissections and Aneurysms 

 With the increasing prevalence of cardiovascular disease in 
the pregnant population, it is critical to be aware of diag-
nostic options for initial detection and subsequent follow-
up of vascular pathology. Acute aortic syndrome 
encompasses a spectrum of diseases including aortic dis-
section, intramural hematoma, and penetrating aortic 
ulcers. Sudden changes in blood pressure and hemody-
namic fl ow during pregnancy, labor, and delivery can lead 
to acute cardiovascular complications. Although MRI holds 
the potential to provide detailed anatomical assessment of 
vascular lesions, the long duration of time needed to com-
plete an examination sometimes preclude its use in an acute 
clinical situation. However, after patient stability is 
achieved, MRI is the imaging modality of choice for fol-
low-up examinations or assessment of postsurgical repair. 
As detailed by Clough and Nienaber [ 17 ], MR angiography 
can provide initial evaluation of the aorta, followed by T1 
and T2 black blood images to assess the lumen caliber, wall 
thickness, and signal of the aortic wall. Furthermore, intra-
mural hematoma age can be estimated based on T1 and T2 
signal characteristics. Additionally, steady-state free pre-
cession imaging can be used for detailed evaluation of the 
aortic root and valve. 

 Splenic artery aneurysms are considered the most com-
mon visceral artery aneurysm [ 52 ]. In women with splenic 
artery aneurysms, there is a signifi cant risk or rupture, 
 particularly during the third trimester, labor, and the immedi-
ate postpartum period. In the case of acute rupture, pain and 
sudden cardiovascular collapse are the most common pre-
senting symptoms [ 52 ]. Nausea and vomiting are also some-
times present. Ultrasound and immediate surgical 
intervention are often warranted. After patient stability is 
achieved, MR angiography can be used for further assess-
ment and follow-up. 

 Similarly, there is also a risk of renal artery aneurysm rup-
ture, ovarian artery aneurysm rupture, or rupture of the utero- 
ovarian vein, particularly during the third trimester, labor, 
and the postpartum period [ 8 ]. In these cases, patients are 
often not clinically stable enough to undergo extensive cross- 
sectional imaging prior to intervention. However, MR angi-
ography is a powerful tool for assessment of intervention and 
serial follow-up [ 49 ].   
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17.6     Thromboembolic Disease 

17.6.1     Deep Vein Thrombosis 

 Pregnant and postpartum patients are at elevated risk for devel-
opment of a deep vein thrombosis. Prompt diagnosis is critical 
and however sometimes challenging given that normal preg-
nancy can mask classic symptoms. Interestingly, in pregnant 
females, the majority of deep vein thromboses have been 
reported in either the left lower extremity or pelvis [ 37 ]. 
Diagnosis and follow-up evaluation are typically conducted 
with ultrasonography. However, particularly for detection of 
pelvic vein thrombosis, MR venography is a reasonable alter-
native. Time-of-fl ight technique can be used to avoid need for 
gadolinium administration. Please see Fig.  17.7 . Sampson and 
colleagues [ 70 ], through a large meta-analysis, concluded that 
MRI has equivalent sensitivity and is specifi c to ultrasound for 
diagnosis for DVT. However, it is important to understand that 
at this time, a relative paucity of robust data exists to validate 
MRI as a reasonable and trusted clinical alternative to ultra-
sound for the diagnosis of deep vein thrombosis.

17.6.2        Pulmonary Embolism 

 Development of a pulmonary embolism can result from the 
presence of deep vein thrombosis and, depending on the size, 
has potential for high mortality and morbidity during preg-
nancy and the peripartum period. Please see Fig.  17.8 . The 
gold standard for diagnosis and evaluation of pulmonary 
embolism remains ventilation-perfusion scans and computed 

tomography pulmonary angiography. Although magnetic 
resonance pulmonary angiography has been proposed as a 
diagnostic tool for the diagnosis of pulmonary embolism in 
the pregnant patient, there is limited data supporting its 
effi cacy.

17.6.3        Takayasu Arteritis 

 Takayasu arteritis is an idiopathic chronic vasculitis that pri-
marily affects the aorta and its branches. Acutely, the disease 
may present with fever, fatigue, and weight loss. Diagnosis 
and appropriate management are critical as patients may 
present with hypertension due to the signifi cant vascular 
disease. 

 The American College of Rheumatology 1990 [ 5 ] criteria 
for the classifi cation of Takayasu arteritis describe the patho-
logical imaging fi ndings as “arteriographic narrowing or 
occlusion of the entire aorta, its primary branches, or large 
arteries in the proximal upper or lower extremities, not due 
to arteriosclerosis, fi bromuscular dysplasia, or other causes”. 
These characteristic fi ndings can be evident on non-contrast 
MR angiography using time-of-fl ight imaging technique 
[ 71 ]. Confi rmation with conventional angiography or CT 
angiography can be obtained postpartum if needed.  

17.6.4     Amniotic Fluid Embolism 

 Amniotic fl uid embolism, also known as anaphylactoid syn-
drome of pregnancy, is a devastating clinical condition. If a 

a b c

  Fig. 17.7    This 32-year-old woman presented at 30 weeks with mark-
edly swollen legs. Venous Doppler demonstrated bilateral patency with-
out thrombosis. 2D time-of-fl ight MR venography with superior 
saturation ( a ) demonstrated bilateral compressive cutoff ( open arrow-
heads ) of the iliac veins with extensive collateralization via abdominal 
vessels ( larger arrows ) and paraspinal and epidural veins ( small 
arrows ). Incidentally noted are fetal vessels ( f ). An isolated reconstruc-
tion of the fetal vessels ( b ) demonstrates fetal subclavian vein ( v ), 

 superior vena cava ( s ), aortic arch ( a ), and iliac artery ( i ). Selected ves-
sels are detected as the fetus had cephalic presentation so that caudal 
fl ow was demonstrated due to maternal superior saturation. Repeat 2D 
time-of- fl ight MR venography with superior saturation after delivery 
( c ) demonstrates normal pelvic veins. It is clear that pregnancy may 
cause signifi cant external venous compression with collateral formation 
and increased risk for thrombosis (Colletti and Sylvestre [ 20  reprinted 
with permission)       
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communication forms between the uterine veins and the 
amniotic sac, then amniotic fl uid can enter into venous circu-
lation. This can precipitate anaphylaxis- and shocklike 
symptoms resulting in dramatic circulatory collapse and 

hypoxemia, carrying with it high maternal mortality and 
morbidity risks [ 36 ]. 

 Should a patient survive the acute presentation, MRI can 
be a useful tool for evaluation of myocardial damage 

a

b

  Fig. 17.8    A 36-year-old woman with shortness of breath in week 12 of 
pregnancy. ( a ,  b ) Coronal (a) and axial (b) steady-state free precession 
breath-hold localizer images show left main pulmonary artery fi lling 

defects ( oval ,  a ;  circle ,  b ) interpreted as acute pulmonary embolism. No 
further examination was required (Reprinted with permission from the 
American Journal of Roentgenology Colletti et al.  19 ])       
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 following the acute presentation. Evidence of late gadolin-
ium may be present, indicating presence of focal myocardial 
damage [ 45 ]. Through analysis of a case report, Hosoya and 
colleagues [ 45 ] proposed that the fi nding of late gadolinium 
enhancement supports the theory that cardiac complications 
seen in amniotic fl uid embolism may be due to direct left 
ventricular myocardial injury due to immune reactions and 
not due to pulmonary embolism.   

17.7     Evaluation of Postsurgical 
Cardiovascular Diseases 

17.7.1     Artifi cial Heart Valves 

 Although the topic of MRI safety with regard to the develop-
ing fetus is discussed extensively elsewhere in this book, 
there are specifi c safety considerations with regard to artifi -
cial valves. The majority of artifi cial heart valves are consid-

ered MRI-safe. However, the valves used in the TAVI 
procedure (transcatheter aortic valve implantation) are noted 
to be MRI-conditional. A careful patient history should be 
obtained prior to any imaging, and confi rmation of MRI 
compatibility should be confi rmed. 

 Given the potential for cardiovascular complications to 
arise or worsen during pregnancy and the peripartum period, 
the need for diagnostic evaluation of the postoperative heart 
may occur. MRI allows for detailed assessment of both 
native and prosthetic valves. Similar to assessment of native 
valves, MRI can be used to evaluate structure and function of 
the prosthesis. It is of particular importance to accurately 
diagnose prosthetic valve endocarditis.  

17.7.2     Cardiac Surgery 

 Sternal wires are considered MRI-compatible and normally 
do not signifi cantly degrade the diagnostic quality of the 

a b

c d e

f

  Fig. 17.9    This 32-year-old woman, gravida 2, para 1, presents with 
shortness of breath at 28 weeks of pregnancy. Her fi rst pregnancy was 
uneventful. Echocardiology demonstrated corrected transformation 
with prominent systemic AV valve insuffi ciency and dilated left ventri-
cle and left atrium. Gated spin echo MRI ( a – c ) demonstrates corrected 
transposition of the great arteries. Image ( d)  demonstrates a dilated and 
hypertrophied systemic anatomical right ventricle. The moderator band 
“m” is hypertrophic, the left atrium “*” is dilated, and a small posterior 

pericardial effusion “e” is noted. Axial gradient echo cine images ( e ,  f ) 
demonstrate a prominent posterior low signal jet ( arrows ) of systemic 
AV valve insuffi ciency. With corrected transposition, the systemic ven-
tricle is an anatomical right ventricle with a tricuspid AV valve. Patients 
with corrected transposition are prone to systemic ventricular failure 
and AV valve insuffi ciency. Both of these conditions are likely to appear 
during or immediately after pregnancy.  Ao  aorta,  P  main pulmonary 
artery, * dilated left atrium,  m  moderator band       
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image [ 77 ]. Similarly, vascular clips, stents, annuloplasty 
rings, and many prostheses are also considered MRI- 
compatible [ 77 ]. 

 Pacemakers and implantable cardioverter defi brillators 
may be MRI-conditional, and patients may be given a pocket 
card to carry with them listing device-specifi c safe and 
unsafe imaging conditions. 

 A variety of congenital heart conditions are often repaired 
at birth or shortly thereafter. MRI is an ideal imaging modal-
ity, allowing for detailed anatomical assessment of the post-
surgical structure and function of the heart. Shunt dynamics 
can be assessed, and ventricular function can be measured. 
Because MRI is increasingly more common in the pediatric 
population for pre- and postoperative assessment of congeni-
tal defects, data acquired during pregnancy can theoretically 
be compared to earlier studies to gain accurate assessment of 
the effects of changing hemodynamics on the postsurgical 
heart. Please see Fig.  17.9 . For example, in one study Assenza 
and colleagues [ 26 ] assessed pregnant patients with history 
of surgical repair of tetralogy of Fallot. In this small study, 
the authors demonstrated that pregnancy was associated with 
an accelerated rate of right ventricular remodeling with rela-
tive perseveration in right ventricular systolic function.

17.7.3        Cardiac Transplantation 

 As transplant medicine continues to progress, increasing 
numbers of post-transplant pregnant patients create the need 
for complex peripartum monitoring and care. Cardiac MRI is 
ideal for post-transplant monitoring and assessment for 
potential acute and chronic transplant complications. Not 
only does MRI provide data on the structure of the left ven-
tricle, but it also assesses function. In the pre- and postpar-
tum period, contrast administration can allow for further 
assessment for infarction, viral myocarditis, cardiomyopa-
thy, and signs of rejection [ 72 ].   

17.8     Summary and Recommendations 

 Cardiac MRI holds tremendous potential for evaluation of 
cardiovascular disease during pregnancy and the peripartum 
period. The use of nonionizing radiation combined with the 
fact that most imaging techniques can be performed without 
the use of gadolinium-based contrast agents makes this tech-
nique ideal for evaluation of the pregnant patient. 
Furthermore, the ability to detail subtle anatomical abnor-
malities and elucidate precise differences in blood fl ow and 
function makes this technique ideal for evaluation of com-
plex cardiovascular conditions. 

 Echocardiography is often the initial and preferred imag-
ing modality for many of the described clinical conditions. 
However, this technique can be limited for a variety of 

 reasons including poor acoustic window in the pregnant 
body habitus. MRI is then the preferred modality to com-
plete diagnosis and fully characterize the disease. 

 As the science of MRI continues to progress at a rapid 
rate, image quality and the wide breadth of clinical applica-
tions will continue to expand.     
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