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ABSTRACT

The incidence of abdominal and pelvic cancer in pregnancy is low, but it is rising as the popula-
tion of pregnant women gets older. Depending on disease stage, gestational age and patient’s
preference, active surveillance as well as surgery and chemotherapy are feasible options during
pregnancy. Correct diagnosis and staging of the tumor is crucial for choosing the best therapeu-
tic approach. Moreover, a reproducible modality to assess the treatment response is requested.
Magnetic resonance imaging (MRI) is commonly used with good results for the local staging and
treatment response evaluation of most abdominal and pelvic cancers in nonpregnant patients,
and it is considered relatively safe during pregnancy. The purpose of this article is to analyze the
most relevant topics regarding the use of MRI in pregnant women with abdominal and pelvic
cancer. We discuss MRI safety during pregnancy, including the use of gadolinium-based contrast
agents (GBCAs), how to prepare the patient for the exam and MRI technique. This will be followed
by a brief review on the most common malignancies diagnosed during pregnancy and their MRI
appearance.

he diagnosis of cancer during pregnancy is an uncommon event and the estimated

incidence is one in 1000 pregnancies (1). In Europe, 2500 to 5000 new diagnoses

of cancer in pregnant women are estimated annually (2). Since the age of pregnant
women is increasing in developed countries, the diagnosis of cancer will become more
frequent during pregnancy. The most frequent cancer diagnosed in pregnant women is
breast cancer; among abdominal and pelvic tumors, cervical, ovarian and gastrointestinal
cancers are the most frequently reported (3, 4). Symptoms caused by cancer can mimic
the physiologic gestational symptoms and this can lead to a delayed diagnosis with a
more advanced stage, as reported for gastrointestinal cancers (5). On the other hand,
more frequent gynecological examinations in women during pregnancy provides an op-
portunity for the early diagnosis of cervical cancer (6). For abdominal and pelvic cancers
diagnosed during pregnancy chemotherapy and surgical treatment are feasible options;
other alternatives are to terminate the pregnancy or to postpone the treatment until after
delivery (7). The treatment of cancer in a pregnant woman is complex and a multidisci-
plinary approach is needed. Correct staging of the disease is necessary in order to plan
the treatment and a valid modality to assess the treatment response is requested. The
imaging modalities of choice in pregnant women are ultrasonography (US) and magnetic
resonance imaging (MRI), while computed tomography (CT) is considered a second-line
examination and must be reserved for selected cases, and positron emission tomogra-
phy (PET) with radioactive isotopes is contraindicated in pregnancy (8). US is safe during
pregnancy and is usually the firstimaging examination performed in these patients. How-
ever, it is operator dependent and may be limited by the body habitus, the presence of
intestinal gas and the enlarged uterus in late pregnancy, so it can present low values of
sensitivity in the evaluation of deep structures. MRI is commonly used for local staging
and treatment response evaluation of cervical, ovarian, colorectal, renal, pancreatic, and
liver cancer in nonpregnant patients, with good results. It provides multiplanar images of
the abdomen and the pelvis, with an excellent spatial and contrast resolution also with-
out the administration of intravenous contrast agent. Moreover, it does not use ioniz-
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ing radiation and is considered relatively
safe during pregnancy. In this setting, MRI
could help the clinicians to achieve the di-
agnosis and choose the best personalized
treatment for patients, avoiding misdiag-
nosis and waste of time.

We reviewed the literature to analyze
the use of MRI in pregnant patients with
abdominal and pelvic cancers. In the pres-
ent article, we discuss MRI safety during
pregnancy, including the use of gadolini-
um-based contrast agents (GBCAs), how to
prepare the patient for the exam, and the
MRI technique. This will be followed by a
brief review on the most common malig-
nancies diagnosed during pregnancy and
their MRl appearance.

MRI safety during pregnancy

To date, there is no definitive evidence
of detrimental effects of MRI in pregnant
women, but its long-term security has not
yet been conclusively proven (9).

In the MRI system, there are three types
of magnetic fields: static magnetic field,
time-varying magnetic field gradients, and

Since the age of pregnant women is increas-
ing in developed countries, the diagnosis of
cancer will become more frequent during
pregnancy. For abdominal and pelvic can-
cers diagnosed during pregnancy, cervical,
ovarian and gastrointestinal cancers are the
most frequently reported. The diagnosis and
treatment of cancer in a pregnant woman is
complex and a multidisciplinary approach is
needed.

* MRI is an excellent reproducible imaging
technique in pregnant patients with suspi-
cious abdominal or pelvic cancer. It is gener-
ally considered safe in pregnancy, but it pres-
ents several potential risks for fetus health
that the radiologists must be aware of.

* Issues concerning the preparation of the pa-
tient (fasting, informed consent, use of spas-
molytic drugs) and the correct position of the
patient during the exam must be considered
by the radiologist before starting the MRI ex-
amination.

* The MRI technique must be modified accord-
ing to the type of the tumor, in an attempt to
ensure the highest diagnostic accuracy while
minimizing the risks to the fetus.

* From the perspective of a modern personal-
ized medicine, MRI could be a fundamental
tool in order to plan the most appropriate
treatment for the pregnant patient with can-
cer and to monitor treatment response.

radiofrequency pulses. Each of them could
put the fetus health at risk (10, 11).

Static magnetic field may affect cell mi-
gration, proliferation and differentiation, in
particular during the first trimester in which
organogenesis occurs, thus having a terato-
genic effect. However, this was reported only
by few studies performed in animals, while
many studies carried out on human subjects
have not shown any teratogenic effect after
in utero exposure to MRI (10, 12, 13).

Time-varying magnetic field gradients
are responsible for the production of
acoustic noise and a temporary hearing
loss has been reported in patients under-
going MRI without the use of headphones
(10). Fetus ear completes its development
by 24 weeks of gestation and after this
period fetus hearing could be damaged
by noise. American Academy of Pediatrics
considers 90 dB as the limit above which
the ear of the fetus can suffer permanent
damage; it has been recorded that the
maximum noise produced by MRI reach-
es 120 dB and also that the mother’s body
attenuates about 30 dB (14, 15). Therefore,
the limit of 90 dB could be reached and
passed during an MRI examination, caus-
ing fetal hearing damage. The intensity
and frequency of the noise depend on the
parameters of the MRI sequences and in-
crease with the reduction of the slice thick-
ness, the field of view, the repetition time
and the echo time (10). Currently no cases
of fetal hearing damage have been report-
ed in the literature due to an MRI examina-
tion during pregnancy (15, 16).

Radiofrequency pulses deposit energy
in the body’s tissues in form of heat. The
unit that is used to quantify this energy
deposition is the specific absorption rate
(SAR), expressed in Watts per kilogram
(W/kg). The fetal thermoregulation sys-
tem is strictly dependent on the maternal
system and an increase in maternal tem-
perature could produce heat-induced fetal
abnormalities (11). The upper limit of SAR
permitted during an MRI examination is
4 W/kg for a whole-body scanner for any
patient; at this limit the maximum body
temperature increase is 0.6°C for 20-30
minutes of exam duration (10). There are
no established limits of whole-body SAR
for pregnant patients; however, some au-
thors advise against passing the limit of 2
W/kg for imaging pregnant patients (15).
The SAR increases with the intensity of the
static magnetic field, the flip angle and the
number and spacing of radiofrequency
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pulses (10). To avoid excessively high SAR
values, it is recommended to use magnets
with a strength not higher than 3 T for
imaging pregnant women (11). However,
some authors suggest to avoid more than
1.5T MRI (13, 17). Some pulse sequences,
like the single-shot fast spin-echo (SSFSE)
sequences that are frequently used to im-
age pregnant patients, are associated with
a relatively high SAR when compared with
others such as the gradient-echo (GRE) se-
quences (11).

In 2013, the American College of Radiol-
ogy (ACR) asserted that pregnant patients
can undergo MRI in case of a favorable
risk-benefit ratio, and in particular if: 1)
the information requested cannot be ob-
tained through other nonionizing imag-
ing techniques, e.g., US; 2) the information
obtained can influence the patient’s care
during pregnancy; and 3) it is not prudent
to postpone the exam until after delivery
(18). These conditions are often met if an
abdominal or pelvic tumor is to be staged
or re-staged in a pregnant woman. The In-
ternational Commission on Non-lonizing
Radiation Protection (ICNIRP) suggests to
be cautious in the use of MRI in the first tri-
mester of pregnancy, during which the sen-
sitivity of the fetus to teratogenic agents is
greater, recommending an accurate risk/
benefit analysis (19, 20). On the other hand,
ACR states that no special consideration is
recommended for the first, versus any oth-
er, trimester in pregnancy (18). In fact, al-
though there are only few studies in the lit-
erature concerning the safety of MRI during
the first trimester of pregnancy, there is no
evidence of its possible harmful effect on
the fetus (13).

Repeated administration of high doses of
GBCAs resulted to be teratogenic in some
animal studies (21). Gadolinium chelates
are able to cross the placenta and enter the
fetal circulation; once filtered by the fetal
kidney, they are excreted with the urine in
the amniotic fluid. The amniotic fluid can
be swallowed by the fetus and in this way
gadolinium can be absorbed into the gas-
trointestinal tract and reach the fetal blood-
stream. If gadolinium remains in the fetal
system for a long time, the probability of a
dechelation with release of free toxic gado-
linium ions increases.

However, to date there is no scientific
evidence of teratogenicity following the
administration of recommended doses of
GBCAs during pregnancy in human sub-
jects (15, 21). The main international sci-
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entific societies agree in recommending
caution in the use of GBCAs in pregnant
patients: the GBCAs should not be rou-
tinely administered to pregnant women
and should be administered only if there
is a clear benefit from its use, which clear-
ly exceeds possible but unknown risks for
the fetus (8, 21, 22). However, a case-by-
case assessment by the clinical and radio-
logical working group is necessary. If the
decision to administer GBCAs is made, an
agent with a low-risk of nephrogenic sys-
temic fibrosis should be used at the low-
est possible dosage, such as Gadobenate
dimeglumine (MultiHance®, Bracco Diag-
nostics, 0.2 mL/kg), Gadobutrol (Gadovist®
or Gadavist®, Bayer HealthCare, 0.1 mL/kg),
Gadoterate meglumine (Dotarem®, Guer-
bet, 0.2 mL/kg), Gadoteridol (ProHance®,
Bracco Diagnostics, 0.2 mL/kg) or Gadox-
etate disodium (Primovist® or Eovist®, Bay-
er Healthcare, 0.1 mL/kg) (22). In any case,
for the study of pregnant patients with
cancer the excellent contrast resolution of
unenhanced MRI in the abdomino-pelvic
region often allows to obtain exhaustive
information even without the use of con-
trast agents (23).

Patient preparation

The management of a patient diagnosed
with cancer during pregnancy is complex
because of ethical, psychological, and reli-
gious issues. A multidisciplinary group that
includes clinicians, surgeons, oncologists,
radiotherapists, radiologists, obstetricians,
and even psychologists is needed.

Before the MRI examination, the radiolo-
gist must speak with the patient to obtain
the informed consent. He must make sure
that the patient understands the impor-
tance of the examination for the manage-
ment of the disease and must explain the
potential risks for the mother and the fetus.
The radiologist must also clarify that to date
there is no documented risk from exposure
to MRI during pregnancy. A template of an
informed consent form for MRl examination
in pregnant patients, referring to the most
recent guidelines of the ACR, can be found
attached to the present article.

In a pregnant patient, the study with MRI
of the abdominal and pelvic region may be
hindered by intestinal peristalsis and fetal
movements, which may degrade the imag-
es. For pregnant patients who have to un-
dergo MRI of abdomen and pelvis, fasting
4 hours prior to examination is suggested

in order to reduce maternal peristalsis and
fetal motion (24).

In nonpregnant patients, to reduce in-
testinal peristalsis before an MRl examina-
tion of the abdomen and pelvis, intrave-
nous (IV) or intramuscular (IM) spasmolytic
drugs are frequently administered; among
them hyoscine butylbromide (Buscopan®,
Boehringer Ingelheim GmbH) is one of
the most commonly used. Its use is nowa-
days being studied to reduce the duration
of delivery, favoring the dilatation of the
cervical canal and it could be used also as
preparation for an MRI examination in a
pregnant patient, but the decision should
be made on a case-by-case basis (25).
Moreover, especially in the third trimester
of pregnancy, the enlarged uterus moves
the intestinal loops from the pelvic region
and the motion artifacts in the pelvic MRI
are mainly due to the movements of the
mother or the fetus rather than intestinal
peristalsis.

MRI technique

The position of the patient during the
examination is an important factor to con-
sider in the case of a pregnant woman. The
classic supine position can cause discom-
fortin the patient and the gravid uterus can
compress the inferior vena cava causing
an impaired venous return that can lead to
syncope; in this position the patient may
also have difficulty breathing and holding
the breath. So the left lateral decubitus is
the suggested position for patients in the
late stages of pregnancy (24).

The duration of the examination should
be as short as possible, both to reduce ma-
ternal fatigue and to minimize the potential
risks for the fetus, but the MRI should last
long enough to allow the necessary infor-
mation to be obtained. Furthermore, the
use of short-duration sequences reduces
motion artifacts.

T2-weighted fast spin echo (FSE) and
SSFSE are the most used sequences for
imaging pregnant patients: they show an-
atomical structures with high detail and
are rapid, thus minimizing artifacts related
to fetal movements. Unfortunately, these
sequences are associated with relatively
high SAR values (26). Low SAR sequences,
like T1-weighted spoiled GRE and steady
state free precession (SSFP) sequences (FI-
ESTA, TrueFISP or Balanced-FFE), are also
employed. In order to minimize the risk to
the fetus, it is recommended to alternate

between high and low SAR sequences
during the examination (15). In particular,
FIESTA sequences show a higher signal-
to-noise ratio compared with SSFSE se-
quences, are motion-insensitive and can
help in the detection of pathologic lymph
nodes and peritoneal carcinomatosis (27).
Moreover they can provide good images
of vascular structures without GBCAs ad-
ministration, which could be particularly
useful for the presurgical planning in a
pregnant patient.

Fat suppression can be useful for study-
ing adnexal masses, while in-phase and
opposed-phase GRE imaging is necessary
for the characterization of adrenal lesions
(24).

Diffusion-weighted imaging (DWI) can
be very useful to evaluate tumor extension
and to identify lymph nodal and peritoneal
metastases and could obviate the need for
contrast media administration (1, 28).

Multiple acquisition planes are general-
ly used; in particular, oblique planes with
respect to the major axis of the organ can
be used to better define the infiltration of
adjacent structures, as reported for stag-
ing cervical cancer in nonpregnant pa-
tients (29).

MR-cholangiopancreatography, MR-an-
giography or MR-urography could be used,
if needed, to obtain high-quality images
respectively of the biliary tree, vascular
structures or urinary tract, without contrast
media administration.

If sequences that cause loud noise (such
as fast GRE) are used, limiting the duration
of the sequence is necessary in order to
avoid harm to fetal hearing (11, 15).

In the Table we suggest the most useful
MRI sequences according to the type of
cancer in pregnant patients.

Cervical cancer

Cervical cancer is considered the second
most common cancer diagnosed during
pregnancy (4). The estimated incidence
is 1-10 for 10 000 pregnancies (30). After
a diagnosis is made, treatment options
depend on several factors, such as gesta-
tional age, disease stage and the patient’s
preference. During the first trimester of
pregnancy a conservative approach is
often proposed, while in the third trimes-
ter, if fetal maturity allows it, a Caesarean
section followed by cancer treatment is
performed (31). During the second trimes-
ter, the possibilities are to wait for fetal
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Table. Key MRI sequences for cancer type in pregnant patients

Type of cancer Key MRI sequences

Cervical - Axial T2WI in pelvis
- Axial TTWI in pelvis
- Sagittal T2WI in pelvis
- Axial obligue T2WI in pelvis (perpendicular to the major axis of the cervix)
- Axial oblique DWI in pelvis (in the same plane of axial oblique T2WI)
- Coronal oblique T2WI in pelvis (parallel to the major axis of the cervix)
- Axial T2WI or SSFP in upper abdomen
Ovarian - Axial T2WI in pelvis
- Axial TTWI in pelvis
- Axial TTWI with fat saturation in pelvis
- Axial T2WI or SSFP in upper abdomen
- Axial DWI in pelvis and upper abdomen
- Sagittal T2WI in pelvis
Colon - Axial T2WI or SSFP in pelvis and upper abdomen
- Axial TTWI in pelvis and upper abdomen
- Axial T2WI with fat saturation in pelvis and upper abdomen
- Axial DWI in pelvis and upper abdomen
- Coronal T2WI or SSFP in pelvis and upper abdomen
Rectal - Axial T2WI in pelvis
- Axial T1Wl in pelvis
- Sagittal T2WI in pelvis
- Axial oblique T2W! in pelvis (perpendicular to the major axis of rectal lumen)
- Axial obligue DWI in pelvis (in the same plane of axial oblique T2WI)
- Coronal oblique T2WI in pelvis (parallel to the major axis of rectal lumen)
- Axial T2WI or SSFP in upper abdomen
Kidney and adrenal - Axial T2WI
- Axial in-phase and opposed-phase TTWI
- Axial T2WI with fat saturation
- Axial T1WI with fat saturation
- Axial DWI
- Axial SSFP
- Coronal T2WI
- Sagittal T2WI
Pancreatic - Axial T2WI
- Axial T2WI with fat saturation
- Axial TTWI with fat saturation
- Axial DWI
- Axial SSFP
- Coronal T2WI
- MR-cholangiopancreatography
Liver - Axial T2WI
- Axial in-phase and opposed-phase T1WI
- Axial T2WI with fat saturation
- Axial T1TWI with fat saturation
- Axial DWI
- Axial SSFP
- Coronal T2WI

No post-contrast sequences are shown as contrast medium should not be routinely administered to pregnant
women, but its use should be evaluated on a case-by-case basis.
T1WI, T1-weighted imaging; T2WI, T2-weighted imaging; DWI, diffusion-weighted imaging; SSFP, steady state free precession.
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maturity or to carry out treatment such as
conisation or trachelectomy in early-stage
cervical cancer or neoadjuvant chemo-
therapy (nCT) in locally advanced stages,
to preserve pregnancy until fetal maturi-
ty (34-35 weeks of gestation), reducing
the risks related to prematurity. A rising
number of case reports and experiences
reported in the literature showed promis-
ing results of nCT both in term of mater-
nal and fetal outcome (32). There are no
shared guidelines, the treatment is experi-
mental and must be carried out in special-
ized hospitals. The diagnosis and staging
of locally invasive cervical cancer in preg-
nancy is challenging. The use of staging
pelvic lymphadenectomy is still debated
and accepted just between 22-25 weeks
of gestation (2). Only few studies concern-
ing the use of MRI in this kind of patients
are present in the literature, with a low
number of patients (30, 33). These studies
have reported a good imaging-pathologic
correlation and MRI influenced the clinical
decision in all cases.

Sagittal, axial, and coronal oblique
T2-weighted images are useful in determin-
ing tumor extension, dimension and stro-
mal and parametria infiltration; moreover,
axial pelvic T1- and T2-weighted and axial
abdominal T1- or T2-weighted or FIESTA
images are necessary to evaluate the pres-
ence of metastatic lymph nodes (29). DWI
sequences are very helpful for tumor and
lymph nodes detection.

The MRI appearance of cervical can-
cer during pregnancy is similar to that in
nonpregnant patients: the tumor usual-
ly appears hyperintense compared with
the myometrium (Fig. 1). Anyway, during
pregnancy the cervix could become hyper-
intense and so the tumor appears iso- or
weakly hypointense. A possible pitfall could
be represented by the dilatation of pelvic
veins during pregnancy that could be in-
terpreted as lymph nodes in the axial plane.
The error can be avoided by evaluating
these structures in other planes. Artifacts
related to fetal movement can alter images
of the cervix, especially in the third trimes-
ter of pregnancy; however, rarely this incon-
venience compromises the exam interpre-
tation. MRI determines local extension of
the tumor and is useful for staging cervical
cancer diagnosed in pregnant women and
also is a reproducible tool for determining
the response to nCT administered during
pregnancy (Fig. 2).
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Ovarian cancer

It is estimated that about 2.8-11 ovarian
tumors are diagnosed for 100 000 pregnan-
cies (34). Ovarian cancer can be treated by
surgery, especially at midgestation, while
chemotherapy with platinum compounds
and taxanes can be used during the last
two trimesters of pregnancy (7, 34). Chemo-
therapy should be avoided before 14 weeks
and after 35 weeks and delivery should be
planned at least 3 weeks after the last cy-
cle to avoid hemorrhage, sepsis, and short-
term complications. As demonstrated by
several studies, when US is not able to char-
acterize an adnexal mass, MRI is the best
second-line technique, with an accuracy
reported higher than 80% (35).

The MRI study of adnexal masses re-
quires both T2- and T1-weighted sequenc-
es and at least two orthogonal imaging
planes (usually axial and sagittal) (36). The
sagittal view is useful to evaluate local ex-
tension of the disease. The T1-weighted se-

Figure 1.a-d. MRl in a 35-year-old woman at 28
weeks of pregnancy, diagnosed with cervical cancer:
(a, d), axial T2-weighed images; (b), axial DWIimage;
(c), sagittal T2-weighed image. T2-weighed images
show the cancer as a high signal intensity mass in
the cervix (a, ¢, arrows), also hyperintense on DWI
image (b). A right obturator metastatic lymph node
was also found (d, arrowhead). The gravid uterus is
marked with an asterisk.

quence must be repeated twice, both with
and without fat saturation to detect the
hyperintense signal due to hemorrhagic
material. We suggest the spectral satu-
ration because the saturation obtained
with inversion recovery sequences may be
nonhomogeneous and the bleeding tis-
sue may have the same T1 relaxation time
of the fat tissue, leading to error in differ-
ential diagnosis. Instead, an assessment of
the upper abdomen is mandatory, given
the possibility that peritoneal carcinoma-
tosis is frequently found in “distant loca-
tions” (peri-hepatic or peri-splenic). DWI
sequences have shown promising results
in the detection of peritoneal implants in
patients with gynecological malignancies,
and could be particularly useful in this re-
gard if a decision to not administer GBCAs
is made (37).

A cystic lesion with papillary projections,
wall thickness (>3 mm) and a necrotic sol-
id component is indicative of a malignant
lesion, especially if associated with ascites

(38). Less frequently, metastases may af-
fect the ovary as in the case of Krukenberg
tumors, which are solid metastatic ovarian
masses arising most commonly form gas-
tric carcinomas. These tumors may show
hyperintensity on T2-weighted images,
due to the presence of edema (Fig. 3) (39).
However, only about 5% of the ovarian
masses diagnosed during pregnancy are
malignant and some differential diagnoses
must be considered (34). Serous cystade-
nomas may appear as unilocular cysts with
thin walls and a simple fluid content, with
high T2 and low T1 signal intensity. Muci-
nous cystadenomas are usually multiloc-
ular cysts with a viscous content that can
show various signal intensities on T1- and
T2-weighted images (Fig. 4) (39). Terato-
mas are the most frequent adnexal cystic
mass after the sixteenth week of pregnan-
cy (39). Usually they are hyperintense on
both T1- and T2-weighted sequences, and
fat-suppressed sequences demonstrate
the presence of fatty tissue inside the mass
(Fig. 5). Other benign ovarian masses that
may present during pregnancy are corpus
luteum cysts, theca lutein cysts or endo-
metriomas. Uterine subserosal leiomyo-
mas can also mimic ovarian masses, espe-
cially at US, while MRI usually manages to
characterize the lesion (26).

The possible treatment of these tumors,
along with chemotherapy (not recom-
mended in the first quarter, when the tera-
togenicity risk is about 10%), is the surgical
resection without abortion (40). In these
cases, the MRI is even more important to
properly evaluate the controlateral tubes
and ovary, which in young patients can
(and must) be preserved.

Gastrointestinal cancer

Most of these tumors are represent-
ed by colorectal cancers, while gastric or
small intestinal cancers are really rare. The
estimated incidence of colorectal canceris
0.8 per 100 000 pregnancies (41). The di-
agnosis is often delayed and the stage at
the diagnosis is advanced, due to nonspe-
cific signs and symptoms that can easily
be attributed to pregnancy. Surgery and
chemotherapy during pregnancy have
been reported for colorectal cancer (41).
CT is considered the standard imaging
technique for staging nonpregnant pa-
tients with colorectal cancer, but MRI has
been reported to have a similar accuracy
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Figure 2. a-f. MRI performed before (a-c) and after chemotherapy (d-f) in a 37-year-old woman with cervical cancer diagnosed at 21 weeks of pregnancy.
Axial oblique T2-weighed images (a, d), axial oblique DWI images (b, e), sagittal T2-weighed images (¢, f). At baseline MRI (a-c), T2-weighed sequences
show the hyperintense cervical cancer (arrows), also hyperintense on DWI images. No enlarged lymph nodes were detected in abdomen and pelvis. MRI
performed after chemotherapy (d-f) shows a reduction in tumor volume, with a partial response. The gravid uterus is marked with an asterisk. At 34
weeks of pregnancy a caesarean section was performed with the extraction of a viable fetus and the patient underwent hysterectomy, bilateral salpingo-

oophorectomy and pelvic lymphadenectomy.

Figure 3. a-c. MRl performed in a 38-year-old woman at 28 weeks of pregnancy with a
Krukenberg tumor. Axial T2-weighed image (a), axial T1-weighed image (b), coronal T2-weighed
fat suppressed image (c). The exam shows a big mass in the pelvis (arrows) that displaces the
gravid uterus (asterisk) anteriorly and on the right. Notice the high signal intensity of the mass
on T2-weighed fat suppressed image (c), related to the presence of edema.

188. May-June 2020 - Diagnostic and Interventional Radiology

to CT in the diagnosis of colorectal cancer
and it is safer during pregnancy (41). There
are no specific studies regarding the role
of MRI in pregnant patients with colorec-
tal cancer. MRI could be useful for the de-
tection of a colorectal tumor in pregnant
women with obstructive symptoms and
could be used for re-staging the cancer
after the treatment (Fig. 6). The evaluation
of the bowel is based on the principles of
ultrafast imaging, performing breath-hold
SSFSE or GRE sequences (42). To reduce
the acquisition time, sequences should be
acquired in the coronal plane. Fast imag-
ing with SSFP sequences provide a good
anatomical overview with a mixture of
both T1 and T2 contrast. It is better not
to use only fat saturated sequences as
mesenteric and retroperitoneal changes
can be visualized without fat saturation.
T2-weighted sequences (SSFSE or HASTE)
are helpful for the evaluation of colic le-
sions and to evaluate local extensions; fat
suppression is helpful to evaluate extravis-
ceral extension. Moreover, DWI (acquired
on axial planes) is very useful for identify-
ing disease areas that may go undetect-
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ed in morphological sequences, both for
the primary cancer and the pathological
lymph nodes (Fig. 7).

Less frequent malignancies

Renal cell carcinoma is the most com-
mon renal mass diagnosed in pregnancy
(43). If a renal mass is identified at US, MRI
allows a better characterization and is
more accurate in the evaluation of local
extension and distant metastases. In this
context, the administration of GBCAs has
been reported in the literature; however,

according to the most recent guidelines,
GBCAs should be administered in preg-
nant patients only if there is a clear ben-
efit from its use, which clearly exceeds
possible but unknown risks for the fetus
(22, 43). Therefore a case-by-case assess-
ment is always necessary. In addition, MRI
could be useful for the surveillance of re-
nal tumors diagnosed during pregnancy,
if the decision to postpone the treatment
is made.

Adrenal tumors diagnosed during preg-
nancy are very rare; the most frequently

Figure 4. a-c. MRl in a 39-year-old woman at 12 weeks of pregnancy with an adnexal mucinous
cystadenoma. Axial T2-weighed image (a), axial T1-weighed image (b), sagittal T2-weighed
image (c). The lesion appears as a multilocular cyst, with a viscous content that is predominantly
hyperintense on T2-weighed image and hypointense on T1-weighed image, with some areas of
inhomogeneity (arrows). The gravid uterus is marked with an asterisk.

reported are the pheochromocytomas
with an estimated incidence of 0.007%
(44). MRl is the imaging modality of choice
to localize and diagnose pheochromocy-
tomas and usually it is accurate enough
even without GBCAs administration (44).
The high T2 signal intensity is character-
istic for this type of tumor but it can be
variable due to necrosis, hemorrhage and
calcifications. The use of in-phase and op-
posed-phase T1-weighted sequences al-
lows the diagnosis of lipid-rich adenomas,
thus excluding pheochromocytomas that
do not show signal loss in opposed-phase
sequences (45). One study reported that
DWI can be useful to differentiate malig-
nant pheochromocytomas from benign
ones (46). A condition to keep in mind is
the adrenal hemorrhage, which may hap-
pen during pregnancy and may mimic an
adrenal mass (47). Most often it is unilater-
al and clinically silent. MRI characteristics
depend on the age of the bleeding: it is
hypointense on both T1- and T2-weighted
images in the first week and later can be-
come hyperintense on T1-weighted imag-
es due to the paramagnetic effect of free
methemoglobin. The presence of hyper-
intense areas in T2-weighted sequences is
caused by the serum. Rarely, bleeding may
occur on an existing mass (48).

Only few cases of pancreatic neoplasms
diagnosed during pregnancy are reported
in the literature (49). MRI has been used al-
most always to better define the lesion. For
nonpregnant patients MRI reported a sensi-
tivity for the detection of pancreatic cancer
and an accuracy in determining tumor re-
sectability similar to CT (50).

Liver masses in pregnancy are rare,
usually asymptomatic and incidentally
detected during a routine US exam. The

Figure 5. a-c. MRI performed in a 29-year-old woman at 16 weeks of pregnancy with a right adnexal teratoma. Axial T2-weighed image (a), axial T1-
weighed image (b), axial T1-weighed fat suppressed image (c). The major component of the mass (white arrow) shows a high signal intensity both on

T2- and T1-weighed images (a and b) and the low signal intensity on fat suppressed image (c) is consistent with the presence of fat tissue. Notice also the
presence of a solid lateral component (black arrow). The gravid uterus is marked with an asterisk.
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Figure 6. a-c. MRl in a 31-year-old woman at 19 weeks of pregnancy with an adenocarcinoma of the
sigmoid colon. Axial FIESTA image (a), axial DWI image (b) and coronal T2-weighed image (c). The tumor
appears as a wall thickening of sigmoid colon that causes stenosis of the lumen and is hyperintense on
FIESTA, DWI and T2-weighted images (arrows). Notice how DWI image improves tumor visualization.

The gravid uterus is marked with an asterisk. No enlarged lymph nodes were detected in abdomen and
pelvis. A week later a sigmoidectomy was performed due to a bowel obstruction; chemotherapy was also
started and a cesarean section was performed at 36 weeks of pregnancy.

Figure 7. a-f. MRI performed before (a-c) and after chemotherapy (d-f) in a 37-year-old woman
with cervical cancer diagnosed at 21 weeks of pregnancy. Axial oblique T2-weighed images (a, d),
axial oblique DWI images (b, e), sagittal T2-weighed images (c, f). At baseline MRI (a-c), T2-weighed
sequences show the hyperintense cervical cancer (arrows), also hyperintense on DWI images. No
enlarged lymph nodes were detected in abdomen and pelvis. MRI performed after chemotherapy
(d-f) shows a reduction in tumor volume, with a partial response. The gravid uterus is marked with
an asterisk. At 34 weeks of pregnancy a caesarean section was performed with the extraction of a
viable fetus and the patient underwent hysterectomy, bilateral salpingo-oophorectomy and pelvic
lymphadenectomy.
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most common masses are the benign
ones, like hemangiomas, focal nodular hy-
perplasia (FNH) or hepatocellular adeno-

a (51). Usually, they do not show varia-
tions during pregnancy. However, growth
of adenomas can occur in up to one third
of pregnancies, and larger adenomas (>4
cm) are at risk of developing intralesional
hemorrhage. Their rupture risk increases
in the late months of pregnancy and in the
postpartum period, being directly related
to size and rate of growth: when adeno-
ma is more than 5 cm the risk is significant
(51). MRI findings of these benign lesions
do not vary much between pregnant and
nonpregnant patients (52). Hepatic me-
tastases are rare lesions during pregnan-
cies. Their MRl appearance is variable, but
they usually tend to be hypointense on
T1-weighted images and moderately hy-
perintense on T2-weighted images. They
usually show restricted diffusion in the
DWI sequence (Fig. 8). Sometimes they
can mimic other hepatic lesions, and with-
out contrast media it is difficult to make
an exact diagnosis. In these cases, a biop-
sy can be helpful, despite the absence of
literature data regarding the safety of this
procedure.

Conclusion

MRI is an excellent reproducible imag-
ing technique in pregnant patients with
suspicious abdominal or pelvic cancer. It
does not use ionizing radiations and it is
therefore generally considered safe for the
fetus. However, it presents several poten-
tial risks for the health of the fetus, includ-
ing the ones related to the use of GBCAs,
that radiologists must take into account
to plan the examination in the best and
safest way. Fasting, informed consent, the
use of spasmolytic agents and the correct
position of the patient must be consid-
ered before starting the examination. The
MRI technique must be modified accord-
ing to the type of tumor, in an attempt to
ensure the highest diagnostic accuracy
while minimizing the risks to the fetus.
From the perspective of a modern per-
sonalized medicine, MRI could be a fun-
damental tool in order to plan the most
appropriate treatment for the pregnant
patient with cancer and to monitor treat-
ment response.
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Figure 8. a-d. MRI performed before (a, b) and after chemotherapy (c, d) in a 38-year-old woman
with hepatic metastases by an adenocarcinoma of the colon diagnosed at 13 weeks of pregnancy.
Axial T2-weighed images (a, c), axial DWI images (b, d). At baseline MRI (a, b), two round lesions
were detected in the liver (arrows). The lesions show an high signal intensity on the T2-weighed
image (a) and also on the DWI image (b). A biopsy was performed which confirmed the suspicion of
metastases. At MRI performed after chemotherapy (c, d), only one metastasis remains, with a central
area of hyperintensity due to treatment-induced necrosis (arrow).
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Information sheet and informed consent for magnetic resonance imaging (MRI) during pregnancy
Information sheet

Aim of the diagnostic test
The MRI examination in pregnant women can be performed, after a careful evaluation by the medical doctor in order to exclude the avail-
ability and feasibility of other diagnostic modalities that do not involve the use of ionizing radiation, when the doctor believes that MRI can
provide important information for the diagnosis and treatment, and it is not prudent to postpone the exam until after delivery. The main
conditions in which performing an MRI examination in pregnant women is justified are:

Patients with signs and symptoms of central nervous system pathology;

Patients suffering from neoplastic pathology;

Patients for whom the ultrasound examination is not diagnostic, in case of suspected or ascertained fetal anomalies.

How should the patient prepare for the diagnostic test

To allow you to have the MRI examination in safety, you will be asked to complete and sign, together with the physician, a questionnaire
aimed at excluding the presence of contraindications for exposure to the magnetic field. The questionnaire also lists the things you can't
take with you inside the magnet room.

Description of the examination procedure

The exam length is variable depending on the anatomical location to be investigated and the diagnostic question (average duration: 30
minutes). During the data acquisition phase, you will hear rhythmic noises caused by the normal operation of the machine. Ventilation,
lighting and temperature conditions are such as to ensure maximum comfort and reduce possible claustrophobic effects. During the
examination, it is necessary that you keep calm and don’t move in order not to compromise the diagnostic quality of the investigation.
You can breathe and swallow normally. In some types of investigation you may be required to collaborate by means of respiratory acts
and short periods of breath hold. In the control room service staff is always present, ready to help you in case of need. You will always be
in visual and vocal contact with the operators who carry out the examination and you will be able to warn them of the possible onset of
disturbances through specially prepared signaling devices.

Possible side effects
The possible side effects are the same as for an MRI examination in a nonpregnant woman; rarely, slight disturbances may occur such as claustro-
phobia, heat, itching, wheezing, palpitations, and malaise. In these cases it will be possible to warn the operators using a special signaling device.

Possible risks of the MRI examination in pregnancy

At the current state of medical knowledge, no harmful effects are known to the pregnant woman and the human fetus due to exposure to
magnetic fields and radiofrequency pulses used in the current instrumentation for diagnostic use. No special consideration is recommend-
ed for the first, versus any other, trimester in pregnancy.

Possible alternatives to MRI
You can ask the doctor who will carry out the diagnostic investigation about further clarification regarding the indications for the exam
and any potential alternatives.

Consequences of not undergoing the diagnostic examination
Delay in making the diagnosis or failure to diagnose the disease.

INFORMED CONSENT
Patient surname and name:
Date of birth: Place of birth:
Place of residence: Phone number:

| have read and understood what is explained in the INFORMATION SHEET relating to the diagnostic examination to which I will undergo;

I was informed of the expected advantages, of the possible side effects and / or of the possible risks, of the possible alternatives and of the
possible consequences in case the exam was refused;

| had the opportunity to ask questions and | received clear and comprehensive answers;
Therefore | agree to undergo the MRI examination.
Date and time:

Signature of the patient Stamp and signature of the physician
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