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 review

Minimizing radiological exposure to 
pregnant women from invasive 
procedures

The vast majority of pregnancies are relatively 
uneventful. Pregnancy-associated cardiovas-
cular disease (CVD) may occur from hyper-
tension [1], cardiomyopathy [2], fibromuscular 
dysplasia (dissections), acquired or congenital 
heart disease [3], acquired coronary disease, 
electrophysiological instability and thrombo-
embolic disease (Figure 1). The contribution of 
underlying etiologies varies around the world, 
with hypertension and acquired valvular heart 
disease more prevalent in the less developed 
regions of the world. In western countries, the 
mortality from hypertensive disease has dropped 
and disorders, such as rheumatic fever, have all 
but disappeared, although an aging maternal 
population is now reaching into the early years 
of acquired coronary disease [4].

Pregnancy can both bring out or destabilize 
otherwise well-compensated disease. The gravid 
state can be associated with a set of clinical syn-
dromes or diseases otherwise not present in the 
nonpregnant state. Pre-existing disease states 
may be well known and have been well charac-
terized with imaging before pregnancy, resulting 
in expected care and little need for further diag-
nosis. On the other hand, occult pre-existing 
diseases may first manifest under the pregnant 
state, or disease induced by pregnancy may 
result in a work-up that requires consideration 
for radiographic imaging.

This review will focus on sources exposure to 
ionizing radiation during pregnancy and describe 
techniques to reduce the amount of radiation 
delivered to the parturient and the fetus.

What types of cardiovascular 
imaging are performed during 
pregnancy?
Advances in imaging technology are occurring 
rapidly and the potential tool chest for both 
diagnostic and interventional needs is expand-
ing. With every iteration of technology come 
improvements in image quality and safety pro-
file. Within the x-ray-dependent technologies, 
image-intensifier advances and digital processing 
make images sharper, while requiring less radia-
tion. Likewise, a variety of other nonradiologic 
technologies have emerged that appear safer 
than x-ray and can often augment or substitute 
for traditional diagnostic and interventional 
x-ray needs.

 � Technology that does not use x-ray 
ionizing energy
Echocardiography
Indications
Echocardiography (ECHO) allows for safe and 
noninvasive assessment of heart structure and 
function. Both transthoracic and trans esophageal 
ECHO can be safely performed at any stage of 
pregnancy. Its development has been indispens-
able and has markedly reduced the overall need 
for x-ray exposure to diagnose valvular heart dis-
ease and characterize the status of myocardial 
function. Shunts can be detected and pulmo-
nary artery pressure can be derived. In addition, 
ECHO allows for volume-status assessment and 
may obviate the use of right-heart catheterization 
to determine ventricular filling pressures.

This review brings together some of the technology and approaches that are evolving in the care of 
pregnancy-associated cardiovascular disease that can be leveraged to reduce x-ray exposure. When 
feasible, the choice of transradial arterial access to both the heart and upper extremity venous access to 
the central venous system represents one advancement that can help remove the pelvic region from the 
primary x-ray beam and reduce exposure to the fetus. In procedures that require femoral approaches, 
other techniques can be used to minimize the net exposure. Few physicians and medical centers can be 
expected to develop the patient experience in these relatively rare disorders. Shared knowledge with 
otherwise well-trained operators and care providers can improve the understanding and hopefully improve 
the outcomes, both maternal and fetal.
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ECHO can also be carried out transthoracic, 
transesophageal and intracardiac during invasive 
procedures. Its use extends beyond just diagnos-
tic considerations and into interventional pro-
cedures, where it can be used for imaging or 
monitoring without radiation exposure. Pacing 
and defibrillator leads can be managed using 
ECHO as well as cardiac biopsy procedures 
instead of tradition fluoroscopy [5]. It can also 
be used to guide drainage needles, such as for 
pericardial tamponade, obviating the need for 
x-ray  exposure under many circumstances [6].

Intracardiac ECHO
Compared with transesophageal ECHO, which 
may be poorly tolerated by parturients and may 
require administration of intravenous seda-
tion that could be potentially harmful to the 
fetus, intracardiac ECHO appears particularly 
suited to the parturient. It can be inserted via 
femoral venous approach with local anesthesia 
only and provides comparable images of car-
diac structures. Thus, the avoidance of intra-
venous sedation or general anesthesia required 
for transesophageal ECHO is highly preferable 
for the fetus and pregnant women.

Danger to the fetus
At present time, and with decades of safe use, 
there appears to be no untoward effects of ECHO 
to the fetus. The use of echocardiographic 

contrast, for example perflutren lipid micro-
spheres (pregnancy category B [101]), should only 
be carried out as clearly indicated.

Cardiac MRI
Indications
Cardiac MRI offers superior imaging of cardiac 
structure and function. It is particularly useful 
for the assessment of viability, myocardial scars 
and in adult congenital heart disease.

Danger to the fetus
The present risks of MRI to the parturient are 
similar to nonpregnant patients. There are two 
possible risks to the fetus resulting from the use 
of MRI during pregnancy – teratogenic and 
acoustic damage. At the present time, there are 
no published adverse effects resulting from MRI 
to parturients or the fetus. Due to limited avail-
able evidence on MRI safety during the time 
of organogenesis, it is reasonable to limit use 
of MRI during the first trimester. The general 
recommendation is that at any time during preg-
nancy, cardiac MRI should be performed only 
when the risk–benefit ratio is justified [7]. None-
theless, the quality of images and the diagnostic 
accuracy of cardiac MRI is superior to almost all 
other imaging modalities that utilize radiation. 
Gadolinium is used at times to enhance con-
trast in MRI. Its use during pregnancy should 
be avoided and used only if absolutely required. 
Gadolinium crosses the placenta and is a cat-
egory C drug [101]. Gadolinium has been shown 
to be teratogenic in animals [7–9].

 � Imaging technologies that use x-ray
Ionizing radiation risks to the fetus 
owing to cardiac procedures
While avoidance of unnecessary ionizing radi-
ation during pregnancy is important, fear of 
potential radiation risk should not be a deter-
rent to the use of life-saving procedures. Esti-
mated radiation dose from cardiac catheteriza-
tion remains far lower than exposure reported to 
cause teratogenicity. The mean exposure to the 
unshielded abdomen is approximately 3 mGy 
for a combination of coronary angiography and 
stent procedure. Only 20% of the exposure 
actually reaches the fetus owing to tissue attenu-
ation of the radiation [10]. Doses greater than 
50 mGy are associated with congenital malfor-
mation and growth retardation [11], and only at 
dosages greater than 100 mGy should termina-
tion of pregnancy be considered on the basis of 
exposure [12]. Radiation dose  nomenclature is 
summarized in Table 1. 

Figure 1. 35-year-old with near-term 
pregnancy presented with acute onset of 
chest pain and ECG suggestive of inferior 
wall myocardial infarction. Coronary 
angiography was performed via right radial 
arterial access. The white arrow points to 
contrast blush on the inner curve of the vessel 
that signifies dissection entry. The large 
proximal vessel is rapidly reduced in caliper 
from diffuse extraluminal compression by 
dissection resulting in ischemia and infarction.
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If there is a need for x-ray energy use during 
pregnancy, the radiation dose can be markedly 
reduced by using low fluoroscopy frame rates 
and careful collimation. Cineangiography and 
magnification result in higher x-ray dosages than 
simple fluoroscopy and lower magnification. 
With newer digital equipment, simple fluoros-
copy can often be saved and high-dose cineradio-
graphy can be avoided. As long as the fetus is not 
directly within the x-ray beam for cardiac pro-
cedures, the exposure of the fetus occurs mainly 
through indirect (scatter) radiation. Therefore, 
placing external shielding to protect the fetus 
is very ineffective [13], although it does reduce 
exposure to the staff. The fetal radiation dose 
cannot be directly measured and is therefore 
estimated [14]. It is encouraging that the overall 
doses to the fetus are low. Nonetheless, the safest 
approach is to avoid radiation during pregnancy 
and, if radiation exposure is needed, carefully 
evaluate the risk–benefit ratio of such procedures 
(Tables 2 & 3) [12].

Ionizing energy exposure is significantly 
higher if the fetus enters the field of the primary 
x-ray beam. This might occur with a difficult 
approach from the femoral artery or vein. Like-
wise, placement of a vena cava filter or potential 
procedures, such as aortic repair or valve implan-
tation, which require large-vessel cannulation 
from the femoral region might impart more 
radiation to the fetus [15]. While this would be 
a significant increase from the dosage expected 
from a routine cardiac catheterization using 
the transradial approach, careful management 
should still allow completion well within  critical 
limits.

Iodinated contrast use during pregnancy
Based on decades of use, administration of iodin-
ated contrast media during pregnancy appears to 
be safe. To date, there are no published reports 
of mutagenic or teratogenic fetal outcomes after 
administration of iodinated contrast media. 
Free iodide present in the contrast medium, 
when administered to the mother, can lower 
fetal and, after delivery, neonatal function of 
the thyroid gland. It appears prudent to check 
neonatal thyroid function during the first week 
post partum. In addition, it is worthwhile to note 
that very small quantity of iodinated contrast dye 
is excreted in breast milk, and minute amounts 
are then absorbed through neonate’s gastroin-
testinal system. This minuscule, yet hypotheti-
cal, associated risk is considered to be too small 
to advise against breast-feeding in the 24 h 
 following iodinated contrast  administration [9].

Left-heart catheterization 
& angiography
Indications
Diagnostic coronary angiography continues to 
represent the gold standard for diagnosis of coro-
nary artery disease. Pregnancy is not a contra-
indication for left heart catheterization – it can be 
performed at any time during pregnancy. Radial 
arterial access is preferable to femoral access due 
to earlier ambulation, increased patient comfort 
and significant reduction in access-related bleed-
ing complications [10]. In addition, during the 
procedure, left lateral decubitus position can 
be more easily maintained with radial access. 
Cardiologists should strictly follow the as low 
as reasonably achievable (ALARA) principle so 
as to limit radiation exposure to the mother and 
the fetus. 

Right heart catheterization
Indications
In recent years, routine use of pulmonary artery 
catheters has significantly decreased in the USA 
[16]. The decrease in use has, at least in part, been 
due to the fact that equally helpful information 
from the significantly more invasive pulmonary 
artery catheter can be obtained noninvasively 
by transthoracic or transesophageal ECHO [17]. 
However, it is important to emphasize that Fick 
and thermodilution cardiac output measure-
ments cannot be measured without the pulmo-
nary artery catheter. Analogously, right-heart 
catheterization is prerequisite for vasoreactivity 
testing in pulmonary hypertension. In parturi-
ents with severe pre-eclampsia and eclampsia, 

Table 1. Radiation dose nomenclature.

Measurements of radiation Units

X-ray energy per given volume of air Coulomb/kg

Units of absorbed dose Gy

Amount of energy absorbed in given mass of air Air kerma (J/kg)

Measure of biological damage done to human tissues Sv

Absorbed dose of radiation across given surface area Dose area product (DAP)

Table 2. Radiation and the fetus.

Radiation hazard Dose

Permanent sterility (adult) 5 Gy

Embryonic death 100–500 mGy

Maximum permitted dose for the fetus of a 
pregnant worker

0.5 mSv/month (50 mrem)

Total gestational dose equivalent 5 mSv (500 mrem)

Risk of a congenital malformation/developing 
malignancy after irradiation in utero 

120 (0.024% risk) to 1 rem 
(0.2% risk)

Adapted with permission from [52].
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especially in the presence of pulmonary edema 
or renal insufficiency, pulmonary artery cath-
eterization may be extraordinarily valuable 
in assessing volume status. This is due to the 
development of diastolic dysfunction, which 
complicates noninvasive estimation of left ven-
tricular filling pressures. Nevertheless, in a broad 
range of clinical scenarios, ventricular filling 
pressures are fairly accurately assessed noninva-
sively by  transthoracic [17,18] and transesophageal 
ECHO [19–21].

Computed tomography angiography
Indications
Cardiac structure and function and coronary 
artery anatomy can be noninvasively assessed 
with multidetector computed tomography (CT) 
scanners. Compared with the early scanners, 
modern machines with advanced dose-reduction 
algorithms have produced remarkable reduction 
in the radiation dose.

Danger to the fetus
In experienced centers with quality-control pro-
tocols, the total radiation dose delivered with 
coronary CT angiography can be lowered to 
equivalent or even lower doses than with tradi-
tional invasive coronary catheterization. How-
ever, in the absence of meticulous attention to 
detail, CT can deliver markedly larger radiation 
dose compared with cardiac catheterization. 
The advantage of cardiac CT is that it allows 
the visualization of cardiac structures not vis-
ible by coronary angiography. However, these 
can be imaged using ECHO without the use of 
ionizing radiation. In addition, the amount of 
intravenous contrast dye required for coronary 
CT angiography is greater than for diagnos-
tic catheterization. If coronary intervention is 
needed, it cannot be performed at the time of 
CT imaging and would expose the parturient 
and the fetus to one additional procedure and 

even more radiation exposure. Therefore, for 
the vast majority of clinical conditions, invasive 
coronary angiography remains the preferred 
method for coronary artery disease diagnosis. 
In addition, highly experienced operators can 
obtain diagnostic-quality coronary angiography 
images with the use of only fluoroscopy, thus 
avoiding cineangiography. Such refined tech-
niques reduce radiation exposure to the mother 
and fetus well below any dose achievable with 
cardiac CT.

Nuclear imaging studies
Indications
Testing for cardiac ischemia along with diag-
nosing pulmonary embolism can be done with 
a variety of nuclear tracers such as thallium or 
technetium. While these may play a role in the 
general population, their role in the pregnant 
population is limited. 

Danger to the fetus
These tracers will potentially cross into the fetus 
and the risks associated with their use during key 
developmental stages are unknown. In addition, 
the overall radiation dose is often relatively large 
as far as medical testing is concerned. Alterna-
tive imaging techniques that provide at least 
as good diagnostic precision with less risk to 
the fetus, exist for most of the diagnostic tests 
that use radioactive tracers. This technique 
should be avoided unless other alternatives are 
exhausted [22].

Treatment and diagnostic modalities for vari-
ous cardiac conditions during pregnancy are 
summarized in Table 4. Practical recommenda-
tions for radiation reduction during pregnancy 
are shown in box 1.

Transradial approach to reduce risks 
of invasive procedures
Technologic improvements in imaging technol-
ogy, both within the ionizing radiation field and 
alternative imaging approaches, have resulted in 
serial improvements, but the recent widespread 
introduction of transradial cardiac catheteriza-
tion techniques have provided another impor-
tant advance to improve the safety of these pro-
cedures [23]. Advances in catheter technology 
and reduction in equipment size now allow the 
vast majority of invasive coronary procedures, 
whether diagnostic or interventional, to be car-
ried out by the radial artery [24]. Owing to its 
anatomical position and relatively smaller size 
compared with the traditional femoral artery, 
use of transradial approaches markedly reduce 

Table 3. Typical effective radiation dose from various procedures 
utilizing ionizing radiation.

Procedure Effective dose (mSv)

Chest x-ray (lateral) 0.04

Chest x-ray (anteroposterior) 0.02

Pelvic x-ray 0.07

Computed tomography of the abdomen 10

Computed tomography of the pelvis 10

Coronary angiogram 5–7

Percutaneous coronary intervention Varies

Myocardial perfusion imaging (technetium) 10–12
Adapted with permission from [52].
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vascular complications and associated bleeding 
events in patients [25]. As bleeding events are 
independent predictors of major cardiac events 
and death associated with interventional proce-
dures, this is a major improvement for the general 

population of cardiac patients. In particular, the 
acute myocardial infarction (MI) patient appears 
to benefit, with significant reduction in death 
rates when transradial, rather than transfemoral, 
access is used [26–28].

Table 4. Cardiovascular diseases associated with pregnancy and the diagnostic requirements that minimize 
radiation exposure, potential cardiovascular risks of the condition and potential remaining needs for x-ray 
exposure.

Abnormality Diagnostic 
requirements

Potential CVD complications Potential x-ray needs

Congenital heart disease

Atrial septal defects ECHO Arrhythmia, shunting
Significant mortality risk with PHTN and Eisenmenger 
physiology

EP procedures
Closure devices
Thromboembolic protection

Ventricular septal 
defects

ECHO Arrhythmia
Significant mortality risk with PHTN and Eisenmenger 
physiology

EP procedures

Ebstein’s anomaly ECHO Atrial arrhythmia EP procedures

Tetralogy of Fallot ECHO
CMR

Significant mortality risk with uncorrected or new 
diagnosis
Repaired lesions at risk for atrial/ventricular arrhythmias 
including sudden death
Potential hemodynamic compromise with incomplete 
repairs
Coronary anomalies

EP procedures
Coronary angiography

Transposition of the 
great arteries

ECHO
CMR
Surgical history

Complete TGA will have previous repairs. Risks of 
coronary ischemia, atrial/ventricular arrhythmia 
depending on type of repair
Congenitally corrected TGA has a more benign course

EP procedures
Coronary angiography

Fontan repair ECHO
CMR
Surgical history

Arrhythmias common, usually atrial EP procedures

Valvular heart disease

Native valvular 
disease

ECHO Stenotic disease of greatest concern Valvuloplasty
Valve implantation

Prosthetic valves ECHO Stenotic degeneration Valve implantation
Valve identification

Acquire syndromes of cardiovascular pain

MI Cardiac markers
ECG
ECHO

Arrhythmia, CHF, death Coronary angiography critical to define 
status of arteries and intervention

Aortic dissection ECHO
CMR

Bleeding, death CT scan or angiography may be needed 
for diagnosis
Percutaneous repair with stent graft

Pericardial disease ECHO Tamponade Rare

Pulmonary 
embolism 

CXR
Doppler legs

Recurrent pulmonary embolism, death Lung scan
CT scan
Pulmonary angiogram/intervention
Vena cava filter

Miscellaneous

Heart failure and 
cardiomyopathy

ECHO CHF, arrhythmia, death Mechanical support devices
Biventricular pacemaker

EP disorders ECG Arrhythmia, sudden death Pacemakers
Defibrillator implant

CHF: Congestive heart failure; CMR: Cardiac MRI; CVD: Cardiovascular disease; CXR: Chest x-ray; ECHO: Electrocardiography; EP: Electrophysiology; MI: Myocardial 
infarction; PHTN: Pulmonary hypertension; TGA: Transposition of great arteries.
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Women, in particular, are an independent 
risk versus men for the development of bleed-
ing and vascular complications after invasive 
cardio vascular procedures. This risk persists 
even with bleeding-reduction strategies, includ-
ing the use of appropriately dosed newer anti-
thrombotic medicines [29]. In addition, the 
most serious of the femoral-access complica-
tions, the retroperitoneal bleed, is more com-
mon in women. Overall, women appear to have 
bleeding or vascular complication rates twice 
those of men [30]. Regardless of whether this 
risk is based on a simple difference in anatomi-
cal size of the femoral arteries or modification 
of the vascular wall and hemostatic system by 
different hormonal milieu, the risk of vascular 
complications and associated bleeding can be 
markedly reduced through the use of transradial 
catheterization. Highly experienced operators 
and centers can achieve remarkable reductions 
in bleeding complications using the femoral 
approach, in particular with the use of closure 
devices and the use of bivalirudin [31].

While many industrial countries around the 
world, including European and Asian coun-
tries such as China, have converted to primar-
ily transradial approaches, several challenges 
have slowed the widespread use of transradial 
approaches in the USA. In general, operator 
volume in the USA is lower than other coun-
tries and may make learning new technology 
more difficult. US operators have also tended 
to favor closure devices to seal femoral arter-
ies over their European counterparts who favor 
manual compression [32]. Women, in particular, 
are somewhat more prone to access failure in the 
radial artery and this question is being exam-
ined in the present SAFE PCI trial being con-
ducted in the USA [102]. The overseas experience 
suggests that despite a slightly reduced access 
success rate, overall benefit will still favor the 
transradial approach [33,34]. Perhaps the most 
important indicator of transradial acceptance is 
the observation that as the shift to transradial 
from transfemoral approaches occurs around 

the world [103], one does not see operators revert-
ing back to the older transfemoral approach, 
but rather short-term obstacles of learning a 
new technique appear minor compared with 
the long-term acceptance of the transradial 
approach.

For pregnant women, the transradial 
approach appears especially attractive for arte-
rial procedures [35]. Beyond the reduction in 
access-site complications and bleeding reduc-
tions that all patients can benefit from, the use 
of the radial artery obviates the risk of radiating 
the fetus if femoral artery access is problem-
atic [36]. In addition, activity can focus on the 
upper half of the woman’s body and provide 
some sense of protection or distancing from the 
fetus. Transradial procedures also allow more 
flexibility in positioning. Especially during the 
second or third trimester with the potential 
for vena cava compression or just mechanical 
compression from the enlarged uterus, arterial 
access at the level of the wrist allows much more 
freedom to have the patient in different posi-
tions, even stomach down, if appropriate and 
more comfortable for the patient. Left lateral 
decubitus position is the most preferable for 
parturients to relieve the pressure of the uterus 
on the inferior vena cava and maintain preload. 
It should be noted, however, that the incidence 
of radial spasm appears to be somewhat higher 
in younger females. Contemporary equipment 
such as hydrophilic sheaths and our understand-
ing of the methods for the prevention and treat-
ment of radial artery spasm (e.g., intra-arterial 
administration of calcium channel blockers) 
has nearly eliminated the occurrence of radial 
artery spasm.

While the primary focus of advances in tran-
sradial procedures has been on arterial access 
procedures, the same technical advances can be 
used in the venous circulation. Right heart cath-
eterization and myocardial biopsy can be readily 
carried out using a forearm approach [33]. Most 
commonly, venous access is achieved at the level 
of the antecubital fossa. Likewise, passage of a 

Box 1. Practical recommendations for radiation reduction during pregnancy.

 � Reduce fluoroscopy frame rate
 � Keep the intensifier as close as possible to the patient
 � Avoid angulated projections – anteroposterior projections are preferred
 � Avoid the use of cineangiography – fluoroscopy images are preferred (e.g., ‘fluoro-grab’ or ‘image-store’ features available on 

contemporary equipment
 � Use the lowest possible frame rates for cineangiography (e.g., 15 frames/s or lower)
 � Experienced operators are preferred – radiation dose decreases with operator experience
 � Use long (>150 cm) wires during femoral arterial and venous approach to obviate the need to perform iliac and abdominal aortic 

fluoroscopy
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temporary pacing catheter is also possible. The 
basilic vein is large and has a caliper in most to 
accommodate just about any sized device nor-
mally used in the venous system. If the shaft 
length is adequate, venous thrombectomy 
devices, vena cava filters and other equipment 
could all be introduced via the forearm. While 
the use of the forearm for vascular access does 
not eliminate the radiation risk, it does move 
the center of attention away from the pelvis. 
Bleeding is reduced and vascular complications 
markedly reduced. Moving access to the fore-
arm from the central venous neck veins also 
removes the risk of pneumo- and hemo-thorax. 
It should be noted that in parturients, central 
venous access above the diaphragm is preferred.

Medicine and technology have made signifi-
cant advances in imaging and intervention that 
have reduced or eliminated the need for more 
traditional sources that cause greater risk to the 
woman and fetus. The modern introduction of 
the transradial approaches for both diagnosis 
and intervention now adds an approach to car-
diac catheterization that when needed can be 
applied with less risk to the patient. In the preg-
nant patient, the benefits of this newer approach 
extend beyond the standard benefits to include 
potentially less fetal exposure to radiation and 
the ability to improve positional comfort to the 
patient during the procedure. These transradial 
techniques cannot only be applied for arterial 
procedures, but also for venous procedures 
requiring central venous access. This evolution 
in cardiac catheterization has been recognized 
in guidelines suggesting the preferential use of 
transradial techniques in pregnant patients [10] 
and recently by the European Society of Car-
diology, who stated that a transradial approach 
should be the default approach for all patients 
where transradial operators are present [37].

The radiation dose received during radial car-
diac catheterization is decreased with higher opera-
tor expertise. Left radial approach, compared with 
right radial approach, is overall associated with 
somewhat lower radiation doses. It is important to 
note that fluoroscopy times may be somewhat lon-
ger with radial approach compared with femoral 
approach; cineangiography times are equivalent. 
The fetus is generally not exposed directly to the 
x-ray beam during cardiac procedures and mainly 
receives scatter radiation from the mother. The 
degree of scatter radiation is similar between the 
two access routes. Nonetheless, and quite impor-
tantly, the radial approach does eliminate the need 
to perform fluoroscopy of the femoral and iliac 
vessels and the abdominal aorta that, on occasion, 

may be required during femoral approach. Repre-
sentative data with radiation exposure associated 
with radial exposures are summarized in Table 5. 
It should be noted that the studies in Table 5 were 
not performed on parturients and as such may not 
be directly comparable.

Specific forms of CVD associated 
with pregnancy

 � Congenital heart disease
Congenital heart disease may exist in an asymp-
tomatic and/or natural state; it also includes 
those who may have had congenital heart dis-
ease that was surgically repaired or palliated at 
an earlier age. The surgically corrected patient 
has not only the possibility of residual effects 
from the original congenital defect, but also the 
residual effects from surgical trauma and poten-
tially noncurative surgery that might complicate 
pregnancy.

A summary of congenital heart disease and 
primary mode of diagnosis and potential need 
for radiologic exposure is shown in Table 4. In 
general, most diagnosis in the present era can 
be done without x-ray exposure. Abnormal 
valves, ventricular function and shunts found 
within the heart should all be readily appar-
ent with ultrasound techniques whether via 
a trans thoracic or transesophageal approach. 
Complex structural disease can best be sorted 
out with cardiac MRI and the modern need for 
 diagnostic cardiac catheterization is obviated.

While diagnosis can usually be made without 
the introduction of x-ray exposure, the patients 
with congenital heart disease may have a need 
for intervention related to either arrhythmia or 
hemodynamic/embolic complications during 
pregnancy. Different congenital disorders have 
distinct risks for these complications. Medical 
therapy to manage these conditions symptomat-
ically may often suffice, but difficult exceptions 
may arise. Especially problematic may be previ-
ously operated or corrected patients who mani-
fest arrhythmia or hemodynamic instability 
from incomplete repair while pregnant. These 
individuals may need invasive electrophysiol-
ogy evaluation/treatment or potentially closure 
device placement to treat the condition during 
the pregnancy [38]. Coronary angio graphy or 
intervention might potentially be needed in the 
case of myocardial ischemia.

 � Valvular heart disease
The primary concern during pregnancy in val-
vular heart disease is the stenotic valve. With 
increased vascular volume and cardiac output, 
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fixed office size encountered with either aortic 
stenosis or mitral stenosis is the most common 
valvular disease to symptomatically complicate 
pregnancy. In the industrial world, congenital 
aortic stenosis is most common of these, while less 
developed parts of the world or immigrants may 
manifest stenosis from prior rheumatic disease. 
Valvular regurgitation is relatively well tolerated 
during pregnancy and is less problematic, except 
in extremely rare cases.

Prosthetic cardiac valves may also complicate 
pregnancy [39]. ECHO may not be very help-
ful in precisely defining a particular valve and 
radiography might play a role in precise identifi-
cation [40]. Most complicating issues with pros-
thetic valves involve questions of anticoagulation 
and endocarditis prophylaxis that usually do not 
require x-ray imaging.

Diagnosis and evaluation of valvular lesions, 
whether congenital, acquired or prosthetic, can 
be done with ECHO without the need for car-
diac catheterization. While most situations can 
be managed medically in these patients, there is 
a growing field of percutaneous technology for 
treating valvular disease that could potentially 
be used in pregnant women. Both aortic [41] 
and mitral balloon valvuloplasty [42] have been 
available for several decades to alleviate valvular 
stenosis and require some degree of radiography 
for placement of catheters [43].

 � Syndromes of cardiovascular 
chest pain
Myocardial infarction
Chest pain and symptoms with significant 
overlap with those associated with MI occur 

commonly during pregnancy. On most occa-
sions it is not of cardiac origin and a noncardio-
vascular etiology can be considered. MI during 
pregnancy is infrequent and has been estimated 
to occur in 2.8–6.2 per 100,000 deliveries 
[44,45]. It occurs most often in the third trimes-
ter and in the immediate postpartum period. 
MIs are frequently associated with maternal 
use of tobacco, hypertension, diabetes, hyper-
lipidemia, family history of coronary artery 
disease and those of African–American or His-
panic ethnicity. Maternal mortality from MI 
in  pregnancy has been estimated at 5.1% [45].

Unlike typical MI, in parturients with MI, 
coronary anatomy demonstrates atherosclerosis 
in only 40% of patients (type I MI) with spon-
taneous coronary artery dissection (type II MI) 
seen in as high as 27% of patients. Coronary 
arteries considered ‘angiographically normal’ are 
encountered in approximately 13% of patients 
[46]. MI with ‘normal’ coronaries seen on angi-
ography is most often associated with coronary 
artery spasm or coronary embolism. Coronary 
artery spasm can either be spontaneous, or can 
be caused by ergonovine or cocaine. In the 
antepartum period, coronary atherosclerosis is 
seen more frequently than coronary dissection, 
which is encountered more frequently during 
the peripartum period [46]. The very high rate 
of spontaneous coronary dissection seen in this 
population has been thought to be due to the 
hormonal changes of pregnancy. Owing to the 
uncertainty of etiology, diagnostic coronary 
angiography may be needed just to confirm 
diagnosis as therapy can vary significantly 
depending on etiology.

Table 5. Radiation exposure with radial and femoral coronary catheterization.

Study (year) Radiation measure n Femoral access Radial access p-value Ref.

Randomized trials

Brueck et al. (2009) DAP (Gycm2) 1024 38.2 41.9 0.034 [53]

Achenbach et al. (2008) DAP (mGycm2) 307 3199 3737 NS [54]

Lange et al. (2012) DAP for CATH (Gycm2) 210 21.9 23.2 NS [55]

Jolly et al. (2013) Air kerma (J/kg) 1445 930 1046 0.051 [56]

Observational trials

Neill et al. (2010) DAP (µGym2) for diagnostic CATH 1813 1657 1837 <0.001 [57]

Lehmann et al. (2011) Radiation exposure time (min) 1466 10.1 11.3 NS [58]

Brasselet et al. (2008) Radiation exposure for CATH (µSv)
Radiation exposure for CATH with 
ad hoc PCI (µSv)

420 37.5
103.0

59.0
125.5

<0.0001
<0.001

[59]

Lo et al. (2006) Radiation exposure (Gycm2)
DAP (µGycm2) for PCI

59 31
3392

33.9
3682

NS
NS

[60]

Sandborg et al. (2004) DAP for CATH (Gycm2)
DAP for CATH with PTCA (Gycm2)

142 38
47

51
75

0.003
0.013

[61]

CATH: Diagnostic coronary angiography; DAP: Dose area product; NS: Not significant; PCI: Percutaneous coronary intervention; PTCA: Percutaneous transluminal 
coronary angioplasty. 
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Modern therapy for acute MI requires rapid 
reperfusion of the closed coronary vessel. While 
some success can be obtained with thrombolytic 
therapy, much better and dependable success 
is obtained using percutaneous interventional 
approaches in the catheterization laboratory 
using x-ray imaging. Radial arterial approach 
for percutaneous coronary intervention is pref-
erable due to lowered bleeding complications and 
association with lower mortality in ST-segment 
elevation myocardial infarction when compared 
with femoral arterial access [27].

Many of these therapies have unproven track 
records in pregnancy or will complicate with 
enhanced bleeding risk, but the net benefit will 
favor rapid use of the cardiac catheterization 
laboratory along with x-ray exposure to salvage 
as much myocardium acutely as possible. X-ray 
exposure should be minimized without risk-
ing success of the procedure, while fallout from 
medications needed to optimize the longer-term 
results will need to be managed by the care team 
afterwards. Survival of the pregnancy is depen-
dent on cardiac salvage, and rapid care must be 
provided without delays over potential fetal x-ray 
exposure. With modern equipment, techniques 
and shielding, fetal x-ray exposure should be con-
tained well within tolerated limits.

Aortic dissection
It has been estimated that half of aortic dis-
sections and ruptures in women younger than 
40 years old are associated with pregnancy [47]. 
Hormonal effects of estrogen have been proposed 
as putative factors causing weakening of the aor-
tic media and predisposing it to dissection during 
pregnancy. This tendency may share common 
pathophysiology with the propensity for coro-
nary artery dissection. Certain other conditions 
that have been known to be associated with arte-
rial wall abnormalities, such as bicuspid aortic 
valve disease, discussed previously, and Mar-
fan’s  Syndrome, are also associated with aortic 
dissections.

The initial differential and diagnosis of dis-
section can be usually made with an echocardio-
gram. Imaging may also be done with MRI tech-
nology if conditions are suitable. Once the diag-
nosis has been made, there may be a role for CT 
scanning to rapidly define the extent of disease 
despite potential radiation burden. Acute dissec-
tion can be highly lethal, and precise  diagnosis is 
important and should take precedence.

While therapy for dissection has historically 
involved a decision between medical or surgical 
approaches, this is changing. There are a variety 

of less invasive or percutaneous approaches that 
have been used or are being developed to contain 
dissection and aneurysms. These require femoral 
access and the use of large catheters with x-ray. 
As aortic dissection is a lethal disease, the x-ray 
risk should be negligible in comparison with the 
potential for benefit in such a rare situation.

Pericardial disease
Pericardial disease with fluid accumulation and 
potentially tamponade is possible from a wide 
variety of etiologies. Diagnosis is almost uni-
versally done by ECHO. Ultrasound can both 
define the extent of pericardial fluid and whether 
tamponade physiology is present.

Therapeutic and diagnostic pericardiocente-
sis or surgical pericardial window can be safely 
performed during pregnancy. Classically, per-
cutaneous drainage was done using fluoroscopy, 
but echocardiographic rather than fluoroscopic 
guidance is preferred as it eliminates radiation 
exposure and is safer [48]. Currently, most experi-
enced physicians will perform pericardial drain-
age with the use of ECHO alone, reserving the 
use of fluoroscopy to manage unforeseen com-
plications that results in pericardial effusions or 
tamponade.

 � Cardiomyopathy & heart failure
Cardiomyopathy complicating pregnancy repre-
sents a spectrum of diseases ranging from prior 
disease decompensated by the hemodynamic 
stress of pregnancy to disease processes that 
appear distinctly related to the pregnant state. 
Assessment of ventricular function can easily 
be done using ECHO technology without the 
use of x-ray. Where assessment of etiology is 
required, estimated pulmonary pressures, val-
vular status, constrictive/restrictive physiology 
and potential shunt pathology can all be derived 
using ultrasound. If coronary artery disease is 
suspected, the definitive diagnosis would be cor-
onary angiography that can be done if necessary. 
Given the age of these patients, atherosclerotic 
coronary disease is unlikely and angiography 
can be limited. Right ventricular biopsy can 
also be done under ultrasound guidance to avoid 
x-ray exposure. It is also possible from a forearm 
approach in addition to jugular or subclavian 
veins as an alternative to reduce radiation expo-
sure to a minimum over femoral access.

Acute or severely decompensated myopathies 
may require more aggressive invasive therapy. 
This could include intra-aortic balloon pumps, 
extracorporeal membrane oxygenation or other 
mechanical support devices. These devices with 
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large bore cannulas do require femoral access 
and care needs to be taken to limit direct-beam 
exposure to the fetus. Women who need these 
devices are extremely ill and consequently radia-
tion exposure to the fetus is unavoidable if both 
are to survive.

 � Electrophysiological disease
Cardiac rhythm abnormalities are frequently 
associated with pregnancy. For the majority of 
times, it is not pathological and is easily con-
trolled with reassurance or simple medication. 
Rarely, medical therapy may not be enough and 
invasive, catheter techniques may be indicated.

Atrial dysrhythmia can be cured with abla-
tion techniques. Electrode placement may 
require some exposure to fluoroscopy [49]. In a 
similar fashion, ventricular tachycardia, such as 
that seen originating in a scar from prior cor-
rective congenital heart surgery, may also be 
very effectively controlled using ablative tech-
niques. The most common techniques presently 
use radio frequency. Successful catheter-based 
ablation in pregnant women has been reported 
with no or minimal radiation exposure [50]. 

Device therapy may also be needed during 
pregnancy. Pacemakers for heart block or more 
complex defibrillators for terminating poten-
tially lethal dysrhythmia may need placement 
or replacement during pregnancy. Traditional 
lead placement is with fluoroscopy, but ultra-
sound placement can be used to markedly reduce 
exposure.

Conclusion
Pregnancy associated CVD that requires radio-
logic intervention or diagnosis is uncommon. 
A variety of imaging techniques that do not 
rely on x-ray radiation, such as ultrasound and 
MRI, have been developed and appear to be safe 
in pregnancy. Their use has markedly reduced 
the need for ionizing radiation. When x-ray is 
needed, a newer approach to cardiac catheter-
ization, known as transradial cardiac catheter-
ization, has become the procedure of choice, 
both for its overall safety and efficiency in most 
patients and especially in the pregnant patient.

Classic diseases of young pregnant patients 
include acquired valvular disease, congenital car-
diac abnormalities and myopathic disorders of the 
heart. Advances have essentially eliminated the 
need for x-ray-based diagnosis in these patients, 
but interventional techniques such as valvulo-
plasty, closure devices and percutaneous valve 
implants that may play a role in some of these 
patients do require the use of x-ray. Coronary 

disease, whether related to spontaneous dissection 
or atherosclerosis as the maternal age advances 
into the early years of coronary disease, also repre-
sents a challenge for which x-ray technologies for 
both diagnosis and intervention still play a critical 
role. Finally, disorders of cardiac rhythm, with a 
need for ablation or device therapy, and invasive 
control of thromboembolic disease with venous 
filters, are other areas that may intersect with the 
pregnant population and require x-ray exposure.

While technologies have developed that do not 
require the risk of x-ray exposure, treatments and 
the complexity of disease potentially seen in the 
pregnant patients also continues to evolve. Diag-
nosis and treatment that required x-ray in the past 
may be managed without today, but newer forms 
of therapy have developed that need the energy 
of x-ray. For this, future improvements in moni-
toring [51], imaging technologies, and ongoing 
respect for the ALARA principle will optimize 
future care.

Future perspective
An expanding population of patients with con-
genital heart disease growing up to be adults, 
and the pressure for women at older reproductive 
ages to conceive, will continue to foster a popu-
lation of pregnant patients with CVD. Imaging 
techniques and interventions will evolve that do 
not require ionizing radiation, but at the same 
time new interventions may develop to treat 
pregnancy-associated heart disease that previ-
ously had not been considered and requires 
ionizing radiation exposures. Augmenting new 
x-ray imaging technology with improved digital 
image intensifiers, real-time radiation-exposure 
monitoring with personal dosimeters that will 
give instantaneous radiation-exposure feedback 
and encourage minimizing exposure to ionizing 
radiation. Strict adherence to ALARA principle 
will remain the cornerstone of any therapeutic 
and diagnostic procedure requiring ionizing 
radiation, as even the most optimistic view of the 
future management of CVD can not completely 
eliminate the need for x-ray exposure.
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Executive summary

What types of cardiovascular imaging are performed during pregnancy?
 � Technology that does not use x-ray-ionizing energy includes echocardiography (ECHO) and cardiac MRI; both are extremely safe during 

pregnancy and have contributed to the reduced need for x-ray exposure.
 � Imaging technology that uses x-ray is still necessary, despite advances in less risky imaging technologies. Advances in x-ray imaging 

have actually reduced the radiation exposure to the fetus to very low levels, while operator-driven techniques can further insure lowest 
exposure possible. The primary use of x-ray energies include placement of devices, such as vena cava filters and electrophysiologic 
devices, in addition to coronary angiography and interventions for acute coronary syndromes.

Transradial approach to reduce risks of invasive procedures
 � Advances in catheter technology and miniaturization of equipment has allowed widespread introduction of transradial approaches to 

both the central arterial and venous system.
 � This approach potentially reduces x-ray exposure to the fetus by removing the primary x-ray beam from the pelvic region during vascular 

access. It also allows for improved the positioning of the pregnant patient on the examining table.
 � Multiple clinical trials have now shown this approach to be superior to transfemoral approaches with regard to vascular complications 

and blood loss. In acute myocardial infarction, a survival benefit is seen over transfemoral techniques when carried out by experienced 
operators.

Imaging of specific cardiovascular diseases associated with pregnancy
 � A broad range of congenital heart disease can be diagnosed and managed with non-x-ray technologies. This advance has been met with 

a variety of newer interventional techniques, such as occluder devices and valve implants, that continue to require x-ray technologies. 
The expanding adult population with surgically treated congenital heart disease has resulted in a growing population of patients with 
rhythm problems originating within the surgical scars that need therapy by electrophysiologists using x-rays.

 � Valvular disease can usually be diagnosed adequately without x-ray exposure, but interventions of this disease require x-rays to perform 
balloon angioplasty, valve placement or potentially replacement. Percutaneous approaches to repairing and replacing valves are rapidly 
being developed and potentially may play an important role in those women who enter pregnancy with valve disease that might 
otherwise be lethal.

 � Evaluation of chest pain syndromes is one area that depends highly on x-ray technologies. In particular, the diagnosis and therapy of 
myocardial infarction and acute syndromes requires rapid utilization of these x-ray technologies. Aortic dissections likewise can be 
diagnosed at times with ECHO or MRI, but at times, the clinical situation still may require a CT scan with contrast or an aortogram for 
definitive diagnosis. Pericardial disorders now can be diagnosed with ECHO and treated with ECHO guidance if pericardiocentesis is 
needed, essentially eliminating the need for x-ray technologies.

 � Cardiomyopathy and heart failure from a diagnostic viewpoint can be readily managed with ECHO and MRI technologies. There still may 
be a role for x-ray guidance for myocardial biopsy if needed and cardiac catheterization if the etiology is uncertain. Likewise, some of 
the newer interventional techniques, such as mechanical support for the circulation used in extremely sick patients, may still need the 
application of x-ray techniques.

 � Electrophysiologic disease is an area that is growing with newer invasive techniques to control rhythm disorders and prevent sudden 
death. While some catheter placement may be done using alternative technologies, the use of x-ray techniques is still needed in many 
circumstances, such as ablations and complex pacing–defibrillator devices.

Future of x-ray imaging
 � Technology using nonionizing energies continues to evolve and replace some uses of x-ray, but medical advances in interventional 

techniques continue to push the demand for the best quality imaging only available from high-energy x-ray equipment and will continue 
to do so for the foreseeable future.

 � Continued attention to limiting x-ray exposure of the patient to that needed for as low as reasonably achievable (ALARA), increased 
sensitivity of imaging chains and real-time x-ray dose monitoring will enhance medical care in the future.
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