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Abstract

Objective: To review the MRI appearances of tubal and
non-tubal implantation sites in ectopic pregnancy.
Conclusion: Transvaginal ultrasound is the primary
imaging modality in ectopic pregnancy and MRI is used
as a problem-solving tool in selected indications as
detailed in the article. MRI features of tubal, interstitial,
cervical, cesarean scar, cornual, ovarian, abdominal, and
heterotopic pregnancies are provided to familiarize the
radiologists with their appearances thereby assisting
them in making early and accurate diagnosis.
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Ectopic pregnancy (EP) is defined as a condition in which
the fertilized ovum or blastocyst implants and grows
anywhere outside the endometrial cavity and accounts
for 2% of all pregnancies [1, 2]. EP, without timely
diagnosis and intervention, may be associated with rup-
ture, hemorrhage, hypovolemic shock, and death.
Maternal mortality is significantly increased with tubal
rupture (with tubal rupture also having an impact on
future fertility) which accounts for 4% of pregnancy-re-

lated deaths [3]. Apart from being the leading cause of
maternal mortality in the first trimester, the incidence of
EP is showing an increasing trend. Late primiparity,
infertility, intrauterine contraceptive device, assisted
reproductive techniques (ART), tubal surgeries, pelvic
inflammatory disease, and endometriosis are primary
causes for the increased incidence of EP [4].

Classically, an EP is diagnosed based on clinical
features, transvaginal ultrasonography (TVUS) findings,
and beta human chorionic gonadotropin (hCG) levels;
however, patient factors (such as: obesity, presence of
bowel gas and pain) combined with operator experience
may sometimes limit the usefulness of TVUS. On these
occasions, further imaging may be required to ascertain
the diagnosis, site, and complications related to EP [5, 6].

While MRI is frequently used especially with incon-
clusive sonography in various acute gynecological
emergencies like torsion, hemorrhage within ovarian
cyst, pelvic abscesses, as well as in non-gynaecologic
emergencies presenting in pregnancy such as acute
appendicitis, it is not conventionally used in the diag-
nosis of EP. However in several cases, is a useful prob-
lem-solving tool and may assist management planning in
complicated or rare forms of EP [7, 8].

In this article, we discuss the role of MRI in the
diagnosis of common, uncommon, and rare types of EP
and the utility of MRI for management decisions of EP.
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Diagnosis of ectopic pregnancy

Clinical features

EP has variable clinical presentations. Typically, women
of child-bearing age present with a short history of
amenorrhea (approximately 6–8 weeks), lower abdomi-
nal pain, and vaginal bleeding after a missed period.
Rupture of an EP (commonly at 6–8 weeks) can lead to
severe abdominal pain, rebound tenderness, and drop-
ping hematocrit. These symptoms are neither sensitive,
nor specific, and can occur with other pregnancy-related
or unrelated complications. Further limiting the useful-
ness of clinical findings is the fact that up to 50% of
patients with EP are asymptomatic; hence it is good
practice to document the site of pregnancy in all women
with a positive UPT [5].

Beta hCG

A serum beta hCG level higher than 1500 mIU/ml is sug-
gestive of EP in the appropriate clinical setting after
excluding intrauterine pregnancy (IUP). A single positive
test of serum beta hCG level is of less clinical utility than
serial tests. A doubling time of 50% in a 48 h interval is
noted in normal IUP, while it is less than 50% in failing
IUPorEP.However, serial beta hCG level estimationmay
not be feasible in an emergency setting. Moreover, a
doubling time nearing that of IUP may be seen in up to
21% of EP [9, 10]

TVUS

TVUS is the initial and preferred modality of choice in the
diagnosis of EP. It offers superior contrast resolution as
compared to transabdominal ultrasonography, provides
real time imaging, detects vascularity and demonstrates
fetal cardiac activity throughMmodeDoppler. TVUS has
a reported sensitivity of 69%–99% and specificity of 84%–
99.9%. Lack of intrauterine gestational sac, thick echo-
genic cystic structure in the adnexa with ‘‘ring of fire’’
appearance on Doppler, associated tubal hematoma, or
echogenic fluid in the pouch of Douglas are all imaging
findings that may be seen on TVUS. A yolk sac or embryo
with cardiac activitywithin the sac is highly specific but not
commonly encountered [11, 12].

Role of MRI in ectopic pregnancy

MRI should be considered only in hemodynamically
stable patients where the information from TVUS is
inadequate or any specific added information is needed for
patientmanagement.MRI offers a larger field of viewwith
excellent tissue contrast and characterization and can be
useful whenTVUS is limited by patient or operator factors
[13]. It provides more specific tissue differentiation than

TVUS and can accurately delineate fresh hemorrhagic
contents and hemoperitoneum from ascites [14].

MRI protocol

MRI in pregnancy should always be focussed to answer
the clinical question while using the minimum number of
low energy pulse sequences required. If an IUP has not
been excluded, then one should attempt to keep the
specific absorption rate (SAR) as low as possible to
further minimize the already extremely low risk to the
fetus. A detailed MRI protocol for evaluation of EP is
generally similar to a protocol designed to evaluate acute
abdominal pain or bleeding in a pregnant woman. Var-
ious sequences and their benefits are discussed in Table 1
[8, 15–17] but generally consist of single-shot fast spin
echo and balanced steady-state free precession sequences
with or without fat suppression.

Indications

The specific indications of MRI in the diagnosis and
treatment of EP are listed below.

(1) MRI is indicated in the diagnosis of EPwhen TVUS
has a limited role from factors such as severe
tenderness, body habitus, bowel gas, co-existence
of ovarian mass, and limited operator experience.

(2) In a non-interstitial tubal pregnancy, a large tubal
hematoma and hemoperitoneum may obscure
visualization of the gestational sac, and MRI is
useful to ascertain the diagnosis, site, and compli-
cations related to EP [18].

(3) MRI has a role even in certain cases where TVUS
has already diagnosed a tubal pregnancy. It is
especially useful in correct topographic localization
in patients with previous tubal surgeries or inflam-
mation, those undergoing ART, when conservative
management or laparoscopic surgery is being
planned in patients who desire fertility preserva-
tion [19].

(4) MRI is particularly useful in early diagnosis of
interstitial pregnancy and to differentiate it from
intrauterine and cornual pregnancy. Curettage
often fails to demonstrate any trophoblastic tissue
in cases of interstitial or intramural EP misdiag-
nosed as IUP and in those cases, MRI helps to
demonstrate the interstitial or intramural location
of EP [20].

(5) MRI is indicated in certain cases to distinguish a
cervical pregnancy from incomplete abortion,
when TVUS is not diagnostic. In cases of misdi-
agnosis of the cervical ectopic as a miscarriage or
incomplete abortion, dilatation and curettage may
lead to severe potentially life-threatening hemor-
rhage [21].
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(6) Early diagnosis of Cesarean scar pregnancy may be
achieved with MRI. Prompt diagnosis is essential in
planning furthermanagement and reducingmaternal
morbidity. Complications such as bladder wall inva-
sion are best detected on MRI [22, 23].

(7) In cases of cornual pregnancies MRI helps in
diagnosis, differentiation from other types of EP,
and in prognostication [24, 25].

(8) MRI has a limited role in an ovarian EP, but is
sometimes useful to distinguish an ovarian EP
from other cystic ovarian lesions such as corpus
luteum, and decidualized endometriomas [15, 26].

(9) In case of a pregnancy of unknown location (no sac
identified on TVUS), MRI in indicated for localiza-
tion of the pregnancy, including cases of abdominal
pregnancy not localized on ultrasound [19, 22].

(10) Acute abdomen in pregnancy is a clinical challenge,
and MRI may be performed in select cases where
TVUS and ultrasound are inconclusive, not only for
detecting EP, but for the diagnosis of other non-
gynaecologic emergencies in pregnancy-like acute
appendicitis and acute cholecystitis. MRI also has a
role in gynaecologic emergencies like hemorrhage
into an ovarian cyst, torsion of adnexal cysts and
masses, and conditions unique to pregnancy-like red
degeneration of fibroid. In these cases, ultrasound
has a limited role, and CT carries the risk of ionizing
radiation to the fetus (biologic dose is as high at
35 msv), which is damaging in the initial periods of
organogenesis, notably the same time in which EP
usually presents [8, 27, 28].

Contraindications

If there is suspicion of rupture of EP with hypotension,
falling hematocrit, and urgent need for surgical man-
agement, MRI delays patient care and generally should
not be performed. Other relative contraindications to
MRI in general include: claustrophobia, non-compatible
cardiac pacemakers, cochlear implants, and other
metallic devices [15, 29].

Although MRI carries no risk of ionizing radiation to
the fetus, biologic effects such as tissue heating have been
described. In a pregnant woman, especially those with
possible IUP or heterotopic pregnancy, MRI can be per-
formedafter explaining the unknown risks to the patient. In
a large population-based study performed in Ontario Ca-
nada, MRI was not shown to be related with any adverse
maternal or fetal outcomes in any trimester of pregnancy.
Limited MRI sequences with the lowest SAR should be
performed and only when there are clear benefits of the
investigation outweighing possible risks [30, 31].

Gadolinium-enhanced MRI is rarely indicated in the
diagnosis of EP and should be considered only to delineate
the gestational sac when there is difficulty in the identifi-
cation of the sac within a tubal hematoma or hemoperi-
toneum, to assess vascularity in cases of alternate diagnosis
such as ovarian torsion with mass, and to look for active
bleeding. Intravenous gadolinium-based contrast agents
are classified as pregnancy category C drugs by the United
States Food and Drug Administration suggesting that the
results of animal studieshave shownanadverse effect on the
fetus, but adequate studies are not available in humans.
Hence, traditionally it has been suggested that intravenous
gadolinium should be avoided if an IUP is possible and
cannotbe excluded [32, 33].More recently, the studybyRay
JG et al. showed associations between still birth, neonatal
deaths, various skin conditions, and gadolinium exposure
in utero which further emphasizes that gadolinium should
not be used if there is a chance of a viable IUP and con-
sidered only when absolutely necessary [30].

MR imaging appearances in ectopic
pregnancy

EP occurs most commonly in the fallopian tubes and less
commonly in the cervix, previous Cesarean scar, rudi-
mentary horn of a unicornuate uterus, the ovary, peri-
toneal cavity, and even abdominal organs and the
thoracic diaphragm [34]. Most of the features seen on
MRI have similar correlates and are derived from
ultrasound. Hence it is essential to be familiar with the
typical sonographic appearances of EP for optimal and

Table 1. Various MRI sequences used in suspected ectopic pregnancy and their utility

Sequence Utility

Multiplanar T2-weighted MRI (usually half-Fourier single-shot fast spin echo
[ss-FSE or HASTE] sequences), with a fat-suppressed sequence in any plane

Detection of cystic structures, edema, and inflammation (espe-
cially if fat suppressed)

The coronal image helps identify the exact location of the ges-
tational sac in relation to the uterine cornua and tubes

Multiplanar balanced steady-state free precession (FIESTA or True FISP) se-
quence

Bright blood effects useful in confirming vessels and differenti-
ating it from linear structures like appendix

Highest signal to noise ratio and low SAR
Improved spatial resolution compared to ss-FSE/HASTE

T1-weighted gradient recalled echo in any plane (usually axial) Identification of hemoperitoneum, hematomas, endometriomas,
and hemorrhagic cysts

Identification of fat-containing structures such as dermoid cysts
Post-contrast fat-suppressed images Better delineation of gestational sac especially in a background

of tubal hematoma or hemoperitoneum
Tubal and placental enhancement is demonstrated
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prompt reporting of MRI. Sonographic appearances of
different types of EP have been extensively published in
the literature and hence here we are restricting ourselves
to the MRI appearances of EP.

Non-interstitial tubal pregnancy

This is the most common site, accounting for approxi-
mately 97% of EP (50%–80% in the ampulla, 10%–25%
in the isthmus, and 5%–17% in the fimbrial end) [13, 35].
Complex adnexal mass separate from the ovary with
absent IUP is the most common imaging appearance of
tubal EP. On TVUS, a thick echogenic cystic structure is
seen in the adnexal region separate from the ovary, with
associated echogenic adnexal mass, representing a
hematosalpinx [36, 37]. Similarly MRI shows an oval or
round extrauterine gestational sac lateral to the uterus,
with a cystic appearance and a trilaminar wall on T2
images has been reported in 81% cases: outer
hypointensity representing tubal wall, inner hypointen-
sity corresponding to the extra-embryonic celom/am-
nion, and middle characteristic T2 hyperintensity
corresponding to chorionic villus tissue with distinct
linear- or dot-like areas of T2 low signal within, corre-
sponding to blood vessels [29]. The sac may contain non-
specific liquid, enhancing papillary, dot- or tree-like solid
components, fresh blood, or fluid-fluid level. Fresh or
acute tubal hematoma occurs as a result of rupture of
tubal intramural arterioles caused by trophoblastic
invasion, and appears as T1 hyperintense, with a distinct
low signal on T2-weighted images [18, 27] (Fig. 1).

Hemoperitoneum, seen even in unruptured EP (as a
result of spillage from the blood-filled tube through the
fimbrial end), appears as mildly hyperintense on T1
images, compared with urine in the bladder, and hy-
pointense on T2 images depending on the age of the
blood products (Fig. 2). Although hemoperitoneum in
the pouch of Douglas in a pregnant woman has a 93%
positive predictive value for EP, other causes of
hemoperitoneum such as ruptured ovarian cysts, corpus
luteum, placenta accreta, and spontaneous abortion
must be borne in mind [15, 37].

The corpus luteum of pregnancy may sometimes be
confused with the gestational sac. It is situated in the
ovary and typically has high T1 signal intensity in its
wall, whereas it is often hypointense in an unruptured
gestational sac. It can be associated with acute hemor-
rhage and resolves spontaneously by the end of the sec-
ond trimester [26].

Post-contrast fat-suppressed images, after an IUP has
been excluded, can help better delineate the gestational
sac when there is difficulty in the identification of the sac
within a tubal hematoma or hemoperitoneum; these are
usually well-enhancing thick cystic structures and clearly
visualized even in the background of hematoma. Tubal

enhancement (related to increased vascularity post
implantation) and enhancing papillary projections of
placental tissue may be identified within the tube, re-
ported in 81% of the cases [29, 38]. MRI has a high
diagnostic accuracy for EP. According to a study by
Takahashi A et al., the presence of a direct sign or at
least two indirect signs raised the diagnostic accuracy of
MRI to 100%. Direct sign includes the detection of ec-
topic gestational sac, while indirect signs included tubal
dilatation with hemosalpinx, adnexal hematoma, and
hemorrhagic ascites [39].

Interstitial pregnancy

Interstitial pregnancy is one in which implantation of the
blastocyst occurs in the intramural segment of the fal-
lopian tube, just as it takes off from the cornua or lateral
angle of the uterus. It comprises 2% of all ectopic preg-
nancies [40]. This segment of the tube is completely
surrounded by myometrium and allows greater disten-
sibility of the sac, with the result that rupture is late with
more severe hemorrhage, given the proximity to the
intramyometrial arcuate vasculature, and uterine perfo-
ration in some cases. Maternal mortality is up to 15 times
higher than non-interstitial tubal EP [14, 41].

On TVUS, signs such as the ‘‘interstitial line sign,’’
‘‘myometrial mantle sign,’’ and ‘‘bulging sign’’ require
significant operator expertise, and diagnosis may be
missed or delayed on TVUS [14, 42, 43]. MRI is of
definite clinical utility in doubtful cases. Studies have
shown that the presence of an intact junctional zone
between the gestational sac and the uterine cavity is
suggestive of interstitial pregnancy and are surrounded
by < 5 mm myometrium all around [20, 44] (Fig. 3). In
contrast in angular pregnancy, implantation occurs at
the lateral angle of the uterine cavity, medial to the
uterotubal junction and is not associated with myome-
trium or junctional zone medial to the sac, and typically
demonstrates a wide angle of contact with uterine cavity
[14, 45]. MRI, owing to its ability to tissue characteri-
zation, helps differentiate an interstitial pregnancy from
gestational trophoblastic disease. The latter is usually
associated with disruption of the junctional zone [18, 27].

Cervical pregnancy

A cervical pregnancy is one in which implantation occurs
in the endocervical canal of the cervix uteri, below the
level of the internal os, and accounts for less than 1% of
ectopic pregnancies [40]. Typically, the uterus assumes an
‘‘hour-glass’’ or ‘‘figure of eight’’ appearance, with the
narrow waist of the hourglass represented by the internal
os, with a ballooned cervix [5].

Ultrasound shows a rounded sac below the level of
the internal os, with surrounding echogenic margins of
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the ‘‘decidualized’’ cervical stroma. MRI may demon-
strate a heterogeneous hemorrhagic mass with enhancing
papillary components of the placenta distending the
cervical canal. A T2 hypointense rim is seen around the
mass [21, 44] (Fig. 4).

Cervical pregnancy has to be differentiated from
incomplete abortion. In cases of misdiagnosis of the
cervical ectopic as incomplete abortion, dilatation and
curettage may lead to severe potentially life-threatening
hemorrhage, owing to the increased vascularity of the
pregnant cervix, and lack of muscular tamponade effect
of cervical fibrous stroma. Although TVUS may provide
clues such as presence of hematometra, open internal os,
lack of fetal cardiac activity, and no increase in stromal
vascularity in incomplete abortion, MRI is useful in
earlier diagnosis and prompt management. It may

demonstrate a well-defined gestational sac surrounded by
T2 hypointense stromal ring, and absence of T1 hyper-
intense fluid in the endometrial cavity [4, 14, 18, 44].

Cesarean scar pregnancy

Cesarean scar pregnancy in defined as implantation of
the blastocyst in a previous lower segment Cesarean scar,
where the myometrium is thinned with associated fibro-
sis. This comprises approximately 6% of pregnancies in
women with a prior Cesarean section [46]. It carries a
substantial risk of maternal morbidity and mortality re-
lated to uterine dehiscence, rupture, hemorrhage due to
placenta previa and morbidly adherent placenta, preg-
nancy failure and future fertility. This is because the
invasion of trophoblastic tissue occurs in an area of

Fig. 1. Tubal ectopic pregnancy. Twenty-nine-year-old
woman with 11 weeks amenorrhea, vaginal spotting, and
lower abdominal pain for 2 days. A–C Axial fat-saturated T2-
weighted MRI of pelvis (A), axial T1-weighted pre-contrast
(B), and axial T1-weighted post-contrast MRI of pelvis
(C) shows large midline subacute pelvic hematoma with T1

hyperintensity and T2 shading (asterisk) with left hydrosalpinx
(short arrow). Small irregular cystic structure on the left side
(long arrows) with blood products and irregular peripheral
enhancement (long arrows in C) in close relation to the
hematoma suggesting ruptured left tubal ectopic pregnancy.

Fig. 2. Tubal ectopic pregnancy. Thirty-two-year-old woman
with 7 weeks amenorrhea and acute lower abdominal pain.
Beta hCG was positive with no obvious intrauterine
pregnancy. A Axial T2-weighted MRI of pelvis shows pelvic
fluid with fluid levels of varying signal intensity (arrow). B Axial
T1-weighted out-of-phase image shows dependent T1

hyperintensity in the fluid (arrow). Overall features suggest
acute on subacute hematoma. No intrauterine or ectopic
pregnancy could be identified on MRI. Laparoscopy
confirmed hemoperitoneum and right salpingectomy was
done due to suspicion of ectopic pregnancy and
histopathology confirmed tubal pregnancy.
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scarred myometrium where there is paucity of the
decidual layer of endometrium, similar to early placenta
accreta [47].

TVUS may demonstrate a gestational sac which is
located eccentrically and anteriorly in the inferior body
of uterus (above the internal os) with thinning of the
anterior wall of uterus [2]. When in doubt, MRI helps
delineate the exact site of the gestational sac within the
lower segment of uterus in the region of previous Ce-
sarean scar, with significant thinning of the overlying T2
hypointense anterior myometrium (Fig. 5). Sometimes
there may be no myometrium visualized between the sac
and the urinary bladder [13, 48].

Differentials include a low lying pregnancy and a
cervical pregnancy; the former does not assume an
eccentric anterior location, while the latter distends the
cervical canal [22]. Prompt diagnosis is essential in

planning further management and reducing maternal
morbidity. Similar to a cervical EP, dilatation and
curettage of an undiagnosed Cesarean scar pregnancy
can lead to scar rupture, severe hemorrhage, bladder
injury, and incomplete evacuation due to deep penetra-
tion of the chorionic villus tissue into the fibrous scar
[49].

Cornual pregnancy

Cornual pregnancy can occur in a rudimentary horn
(communicating or non-communicating) of a unicornu-
ate uterus, single horn of a bicornuate or septate uterus.
It has an increased risk of uterine rupture, preterm labor,
and abortion. This is because the myometrium in a
rudimentary horn is often thin and has varying degrees
of capability to placental attachment, and there may be a

Fig. 3. Interstitial pregnancy. Thirty-two-year-old woman
with 8 weeks amenorrhea with no definite intrauterine
pregnancy. A and B Coronal (A) and Axial (B) T2-weighted
MRI of pelvis shows small irregular cystic gestational sac-like
structure (arrows) lateral to the right cornua with preserved

junctional zone (asterisk) suggestive of interstitial pregnancy.
C Axial fat-saturated T1-weighted MRI of pelvis shows T1
hyperintense contents in the endometrial cavity (arrows)
suggestive of blood products.

Fig. 4. Cervical pregnancy. Thirty-seven-year-old woman
who underwent fertility treatment presented with 12 weeks
amenorrhea and vaginal spotting. A Axial T2-weighted MRI of
pelvis shows cystic gestational sac-like structure (arrow) in
the cervical canal with hourglass appearance of the uterus.
B Coronal T2-weighted MRI of pelvis demonstrated the fetus
inside the cervical gestational sac (arrow) and the developing

placenta on the left side invading the cervical stroma
(asterisk). C Sagittal T2-weighted MRI of pelvis shows the
cervical gestational sac (long arrow) with partially open
internal os (black asterisk). Note made of cesarean scar
superior to implantation (short arrow) and myometrial
contraction (white asterisk).
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morbidly adherent placenta. Timely diagnosis helps
prevent these complications [50, 51].

At TVUS, this can sometimes be confused with an
interstitial pregnancy, especially in the setting of previ-
ously undiagnosed uterine anomaly, and MRI is
increasingly preferred for accurate characterization.
MRI findings have been classically described as a ges-
tational sac within the cornua, surrounded by an outer
ring whose signal intensity matches that of the main
uterus, unlike an interstitial pregnancy which is within
the myometrium (Figs. 6 and 7). The main uterus is
displaced laterally and stretched by the enlarging horn
and is called a ‘‘banana-shaped uterus.’’ The sac is de-
scribed as lying more than 1 cm from the lateral wall of
the endometrial cavity (to differentiate it from an inter-
stitial pregnancy) [52, 53]. A ‘pseudopattern’ of an
asymmetric bicornuate uterus, lack of a visual continuity
between the cervical canal and the lumen of the pregnant
horn, and presence of myometrial tissue surrounding the
gestational sac, are certain features described in litera-
ture, which can guide in the diagnosis [25].

MRI is useful in the confident diagnosis of underlying
mullerian duct anomalies providing more specific details
like the uterine contour, presence or absence of com-
munication between the rudimentary horn and the uni-
cornuate uterus, and continuity of the rudimentary horn
lumen with the cervix. MRI also helps in prognostication
in terms of pregnancy outcome and surgical morbidity in
a cornual pregnancy, and guide treatment planning, by
detecting the thickness of myometrium in the rudimen-
tary horn, and diagnosing placenta accreta which cor-
relates with worse outcomes [15, 24].

Ovarian pregnancy

Ovarian EP is quite rare and account for about 0.5%–3%
of all EP [34, 54]. On imaging, gestational sac-like
structure with thick echogenic wall is identified, lying
entirely within the ovary or arising from it, and not
associated with hematosalpinx [55].

MRI has a limited role, and is sometimes useful to
distinguish an ovarian EP from tubal EP and other cystic
ovarian lesions such as corpus luteum. It is helpful in
localizing the cystic structure to ovary thereby excluding
tubal EP [15, 56]. Next step would be to differentiate
ovarian EP and corpus luteal cyst which is commonly
seen in early pregnancy. Both are located in the ovary
and can contain hemorrhage. GS shows typical trilami-
nar pattern on T2 with slightly irregular wall showing
heterogenous enhancement. In contrast corpus luteal
cyst shows thin smooth T2 hypointense and mildly T1
hyperintense wall and shows homogenous enhancement
[8, 26, 27]. In practice, it is hard to differentiate these two
entities unless definite fetal pole or yolk sac could be
demonstrated.

Theca lutein cysts are typically bilateral, multiple,
occur in the setting of ovarian hyperstimulation, and
have thin walls and no hemorrhage within. Other thin-
walled ovarian functional cysts, chocolate cysts, and
hemorrhagic cysts may also be accurately diagnosed on
MRI [27].

Abdominal pregnancy

Abdominal pregnancy comprises 0.1%–1% of all EP, and
includes sites such as the peritoneal cavity including the

Fig. 5. Cesarean scar pregnancy. Thirty-year-old woman
with 12 weeks amenorrhea and intermittent lower abdominal
pain for 1 week. A–C Sagittal T2-weighted (A), sagittal fat-
saturated T2-weighted (B) and sagittal fat-saturated T1-
weighted (C) MRI of pelvis scans show thick-walled
gestational sac (arrows) within anterior lower uterine

segment scar, with adjacent myometrial thinning (dotted
arrow in B). Endometrial cavity shows T1 hyperintense and
T2 heterogenous contents (black asterisks) suggestive of
blood products. Note made of myometrial contraction (white
asterisk in A).
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pouch of Douglas, the uterine serosa, the broad liga-
ment, uterosacral ligaments, pelvic sidewall, large pelvic
vessels, omentum, bowel, abdominal organs like liver
and spleen, the retroperitoneum, and diaphragm [18, 57,
58]. They have an expected mortality rate of 5%–20% (up
to 7.7 times higher than other ectopic pregnancies), be-
cause the placenta of an abdominal EP has the potential
to invade surrounding organs, derive blood supply, and
present quite late with significant morbidity and mor-
tality [59, 60].

Theories of abdominal implantation are (1) primary
implantation, and (2) secondary to a primarily tubal sac
that aborts through the fimbrial end and reimplants in
the peritoneal cavity. In cases where TVUS has failed to
detect the site (pregnancy of unknown location), MRI

may demonstrate an ectopic gestational sac in the peri-
toneal cavity, with hemoperitoneum and focal peritoneal
enhancement [61, 62]. A fetus may be seen within the sac
because these may present quite late, sometimes even at
term. In fact, when presenting late, it is easier to confuse
an abdominal EP with normal intrauterine pregnancy,
rudimentary horn pregnancy, or uterine rupture. How-
ever, certain features such as a deformed non-round
shape of the sac, absence of myometrial tissue around the
gestational sac or amnion, abnormal location and shape
of the placenta (like a flattened contour), oligohydram-
nios, and abnormal fetal lie may help to raise a suspicion
of abdominal pregnancy [63] (Fig. 8).

MRI is usually diagnostic because it confirms the
abdominal location of the pregnancy by demonstrating

Fig. 6. Cornual pregnancy. Twenty-two-year-old womanwith
10 weeks amenorrhea and eccentric intrauterine pregnancy on
transvaginal ultrasound (not shown here). A and B Axial T2-
weighted (A) and coronal T2-weighted (B) MRI of pelvis show
thick-walled gestational sac (arrows) with fetal parts in the left

horn of an incomplete septate uterus. Right horn endometrial
cavity shows T1 hyperintense (not shown here) and T2
heterogenous contents (asterisks) suggestive of blood
products.

Fig. 7. Cornual pregnancy. Twenty-eight-year-old woman
with 7 weeks amenorrhea and transvaginal ultrasound
showed eccentric intrauterine pregnancy versus interstitial
pregnancy (not shown here). A–C Coronal T2-weighted (A),
axial T2-weighted (B), and axial fat-saturated T1-weighted
(C) MRI of pelvis scans show small cystic gestational sac-like

structure (arrows) lateral to left cornua with intact junctional
zone but surrounded completely by myometrium suggesting
non-communicating rudimentary horn pregnancy rather than
an interstitial pregnancy. Gestational sac shows T1
hyperintensity (arrow in C) suggestive of blood. Empty
endometrial cavity (asterisk) in the dominant horn.
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lack of T2 hypointense myometrium around the products
of conception. It also detects site of placental attach-
ment, which helps plan further management [64]. MR
angiography may enable further planning by identifying
the dominant vascular supply of the sac. Sometimes, the
diagnosis of abdominal ectopic pregnancy may be mis-
sed, and a lithopedion may form and be detected inci-
dentally at a later date [65].

Heterotopic pregnancy

Heterotopic pregnancy, in which there is simultaneous
presence of pregnancies at two separate sites, usually a
combination of IUP and EP, although thought to be rare
and almost non-existent, has increased in incidence ow-
ing to ART. The reported incidence is one in 4000
pregnancies increasing to about one in 100 pregnancies in

women undergoing ART [18, 56]. It is important to
diagnose heterotopic pregnancy to minimize morbidity
and mortality to both mother and the intrauterine fetus
resulting from rupture of a missed concomitant EP.

Visualization of an intrauterine pregnancy may not
completely exclude an EP, and the adnexa, ovaries, cer-
vix, and pouch of Douglas must be thoroughly scanned,
especially in clinically suspect patients. Sometimes, it
may present as an abdominal emergency, after abortion
or termination of an IUP, due to rupture of an undiag-
nosed EP. Imaging features are those of an IUP with
associated decidual reaction, along with a coexisting
extrauterine sac, usually tubal or ovarian (Fig. 9). There
may be ancillary features of ovarian hyperstimulation,
such as bilaterally enlarged ovaries or theca lutein cysts
[14, 66].

Fig.8. Abdominal pregnancy. Twenty-six-year-old woman
with 17 weeks amenorrhea. A–C Sagittal T2-weighted (A),
axial T2-weighted (B), and axial fat-saturated T1-weighted
(C) MRI of pelvis scans shows intraabdominal (cul de sac)

pregnancy along the posterior aspect of uterus (arrow in A).
Placenta is on the right pelvic side wall (asterisk in B). There
was a hematosalpinx on the right (short arrow in C) and small
volume hemoperitoneum (long arrow in C) on the left.

Fig. 9. Heterotopic pregnancy. Thirty-two-year-old woman
with 8 weeks amenorrhea. A and B Coronal T2-weighted MRI
of pelvis shows intrauterine gestational sac (asterisk) and
irregular thick-walled right adnexal cystic structure separate

from the right ovary (long arrow) suggestive of unruptured
right tubal pregnancy. Also note the right ovarian small
smooth-walled cystic lesion suggestive of corpus luteal cyst
(short arrows).

S. Ramanathan et al.: Imaging of common, uncommon and rare implantation sites 3433



MRI in these cases is controversial, especially in cases
where continuation of intrauterine pregnancy is desired,
because there are not enough studies proving the safety
of MRI in the first trimester, when organogenesis is at its
peak. Nonetheless, it may prove useful in certain clinical
scenarios, weighing the potential benefits against possible
risks to the fetus [22, 38].

Conclusion

EP once a rare entity, is demonstrating a rising incidence
in recent years and remains the leading cause of maternal
mortality in the first trimester. MRI is not conventionally
used in the diagnosis of EP, but can be a problem-solving
tool, and help plan further management in complicated
or rare forms of EP where TVUS is non-diagnostic or
inconclusive. MRI has a high diagnostic accuracy for EP,
owing to its multiplanar capabilities, larger FOV, and
unique ability to identify tissue characteristics and blood
products. It is especially useful in correct topographic
localization in patients with previous tubal surgeries or
inflammation, those undergoing ART, and when con-
servative management or laparoscopic surgery is being
planned. It is essential for the radiologist to be oriented
to the MR imaging appearance of EP as this diagnosis
should be considered in any woman of reproductive age
presenting with acute abdomen, hemoperitoneum, or
adnexal mass. In conclusion, precise knowledge of the
clinical presentations and imaging characteristics of the
common as well as rare form of EP, and using MRI as a
diagnostic tool in the relevant cases, will go a long way in
improving patient outcome.
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