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Ectopic pregnancy (EP) is diagnosed based on laboratory values and ultrasonography (US) any medium, provided the original
L . L . work is properly cited.

findings. Evaluation for suspected EP should begin with a quantitative measurement of the
serum -human chorionic gonadotropin levels and transvaginal US. MR imaging is not pref-
erentially performed in the evaluation of EP; however, if the findings of transvaginal US are

uncertain, MR imaging can be used, as it has the advantages of superior soft-tissue contrast
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resolution and a wide scanning range. Identifying the exact location of implantation trans-
fer using MR imaging can help in the diagnosis and establishment of treatment strategies
for ectopic pregnancies, including laparoscopy. In particular, as the incidence of heterotop-
ic pregnancy has increased with the recent increase in use of assisted reproductive technol-
ogy, the scope of application of MR imaging is expected to expand further. This pictorial es-
say describes the various manifestations of EP and related conditions on MR imaging and
US. Familiarity with the clinical setting and the US and MR imaging features of EP and asso-
ciated conditions can lead to a more accurate diagnosis and treatment.

Index terms Ectopic Pregnancy; Heterotopic Pregnancy; Magnetic Resonance Imaging;
Ultrasonography

INTRODUCTION

Ectopic pregnancy (EP) is defined as an atypical blastocyst implantation outside
the uterine endometrium. EPs are most frequently found in the fallopian tube, par-
ticularly in the ampullary portion. Other possible locations for EP are the myometri-
um, ovary, cesarean section scar, uterine cervix, and abdominal cavity; however,
these are rare. EPs account for approximately 2% of all pregnancies. Although the
associated mortality rate has decreased significantly, EP remains the prevailing
cause of mortality during the first trimester of pregnancy (1).
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CLINICAL FEATURES

The major risk factors associated with EP include a history of EP, pelvic inflammatory dis-
ease, and gynecologic surgery. Other identified risk factors include the use of intrauterine
contraceptive devices, in vivo fertilization, and documented tubal disease (1). As the propor-
tion of infertile couples has increased worldwide, the demand for in vitro fertilization and
embryo transfer has increased dramatically, leading to an increase in the incidence of EP. The
causes of EP after fertility treatment can be the effects of the treatment itself or a preexisting
disorder (2). The traditional triage of EP symptoms consists of a palpable adnexal mass, vagi-
nal bleeding, and pain. However, this triad only occurs in some patients with EP (approxi-
mately 45%) and can manifest in other conditions, including normal early pregnancy, abor-
tion, and gestational trophoblastic disease. In addition, common medical entities seen in
young women that are not related to pregnancy, such as hemorrhagic ovarian cysts, ovarian
torsion, cholecystitis, and kidney stones, may also present with similar symptoms. Therefore,
a differential diagnosis based on symptoms alone is challenging (3). The natural history of EP
occurs in several ways. Although spontaneous resolution can occur, rupture may occur if the

tumor size increases; if it persists, it may progress to a state of chronic EP (1).

DIAGNOSIS OF EP

SERUM 3-HUMAN CHORIONIC GONADOTROPIN (B-hCG)
Human chorionic gonadotropin (hCG) is a glycoprotein hormone, and the subtype -hCG

increases in a curvilinear manner at the beginning of pregnancy (4). Serum -hCG is a
more sensitive indicator for pregnancy, compared with urine -hCG (3). In pregnancy, se-
rum [-hCG levels ascend until a gestational age (GA) of 9-11 weeks and reach a plateau of
100000 mIU/mL. After a few days of remaining at the plateau level, 3-hCG levels start declining
at a GA of around 20 weeks (1, 4). In a typical pregnancy, the average doubling time of 3-hCG
is 2 days (48 h) (5). p-hCG can be detected using radioimmunoassay 9 days after conception
and approximately 23 days after the last menstrual period (LMP) (3).

In women with an intrauterine pregnancy (IUP), the 3-hCG levels remain at a minimum of
2000 mIU/mL. Hence, this value is considered the discriminatory level of 3-hCG at which a nor-
mal IUP can be confirmed by transvaginal ultrasonography (US) (3). When there is no evidence
of IUP in a patient with a 3-hCG level exceeding 2000 mIU/mL and surpassing the expected visi-
ble period based on the LMP, the potential diagnoses of very early IUP, pregnancy failure,
and EP must be considered. These conditions are referred to as pregnancies occurring at un-
known locations. The patient should undergo close monitoring through serial US examina-
tions and repeated 3-hCG level checks until an EP or an IUP is determined (1, 3).

US FOR EP DIAGNOSIS
US is the imaging modality of choice for EP (1). Specific US findings of EP include decidual

cysts, pseudosacs, live embryos, tubal rings, ring-of-fire signs, tubal masses, and hemoperi-
toneum.
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ENDOMETRIAL FINDINGS

A “decidual cyst” refers to a well-defined cystic structure typically located at the junction of the
endometrium and the myometrium. It is a small fluid collection typical of EP and lacks an echo-
genic rim (Fig. 1). However, they can also be present in patients with normal early IUP (5). Thus,
it can be present in both the IUP and the EP. A central collection of fluid in the endometrial cavi-
ty is called a pseudosac. The key features of pseudosacs include heterogeneous echogenicity
due to internal blood and debris, mid-cavity location of the endometrium, and the presence of

only a single layer corresponding to the endometrial decidual reaction (Fig. 2) (3, 5, 6).

ADNEXAL FINDINGS

The most specific and pathognomonic finding of EP is a live extrauterine embryo; however,
this sign is uncommon (Fig. 3) (3, 5). The second most specific sign is the presence of an extra-
uterine gestational sac (GS) containing a yolk sac with or without an embryo. However, a hem-
orrhagic cyst must not be mistaken for debris that mimics the yolk sac or embryo (5). A more
common adnexal finding in EP, although slightly less specific, is the tubal ring. The tubal ring
sign refers to an extrauterine mass with a fluid center and a thick echogenic wall that should

Fig. 1. US feature of ectopic pregnancy:
decidual cyst.

The sagittal transvaginal view of the
uterus shows a small fluid collection
at the junction of the endometrium
and myometrium (arrow).

Fig. 2. US feature of ectopic pregnancy:
pseudosac.

A sagittal transvaginal scan of the
uterus shows a small, centrally locat-
ed fluid collection with internal blood
and debris in the endometrial cavity.
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Fig. 3. US feature of ectopic pregnancy: live extrauterine embryo.
A, B. Transvaginal view with m-mode shows embryo (calipers) with normal cardiac activity (arrows).

Fig. 4. US feature of ectopic pregnancy: tubal ring sign.
A, B. Transvaginal view of the uterus and right ovary shows an extrauterine mass (calipers) with thick echo-
genic wall. Note that the mass moves separately from the ovary.

Fig. 5. US feature of EP: the “ring-of-
fire” sign.

Color Doppler US shows increased
blood flow around an EP.

EP = ectopic pregnancy

be differentiated from a corpus luteum cyst (Fig. 4) (1). A related finding is the “ring of fire,”
which refers to the flow around an EP on color Doppler US (Fig. 5). This is because of the low
impedance and high diastolic flow surrounding the tubal ring. However, this phenomenon is
a nonspecific finding more likely to be visualized in the corpus luteum than in the EP (3). Tub-

al pregnancy may also appear as a nonspecific mass with heterogeneous echogenicity and
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without an identifiable GS (Fig. 6). This is the least specific but the most common sonograph-
ic finding in patients with EP (3, 5).

PELVIC FINDINGS

A hypoechoic finding or mixed echogenicity indicates hemoperitoneum and becomes more
hyperechoic as blood clots organize. Floating echoes or a layered appearance within the fluid
indicates hemoperitoneum, which may be a sign of EP. They typically accumulate in gravity-
dependent areas, most commonly in the cul-de-sac. Fluid collection at the pericolic gutters
and pouch of Morrison can also indicate hemoperitoneum (Fig. 7) (3, 6).

MR IMAGING FOR EP

US is the first-line imaging modality for evaluating abdominal pain in pregnant women.
However, if the US results are inconclusive or if further data are needed, additional diagnos-
tic imaging may be required. CT is an undesirable imaging tool because of concerns regard-
ing the safety of prenatal radiation. In this case, MR imaging can be a helpful problem-solv-
ing tool (7, 8). In pregnant women, gadolinium (Gd) should be used cautiously and only when

Fig. 6. US feature of ectopic pregnancy:
tubal mass.

Transvaginal scan shows a nonspe-
cific mass with heterogeneous echo-
genicity.

Fig. 7. US feature of ectopic pregnancy:
hemoperitoneum.

Transabdominal view of the pelvis
shows large amount of free fluid with
mixed echogenicity.
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necessary, and its potential benefits should be justified. Gd is not recommended to be used
during the first trimester of pregnancy (9). Without using radiation or intravenous contrast
agents, MR imaging can produce images with strong soft-tissue contrast in multiple planes.
MR imaging provides a precise assessment of the lesion and is essential for early identifica-
tion of EP when it cannot be diagnosed using US, thereby aiding decision-making (7, 8, 10). If
MR imaging is performed suitably in hemodynamically and clinically stable patients, various
information on EP can be obtained (11). It can localize the implant site more accurately and
show detailed pelvic anatomy, including the fallopian tubes, round ligaments, and adnexal
structures (12).

Specific MR imaging findings of EP include the absence of an IUP, an adnexal mass dis-

tinct from the ovary, and hemoperitoneum (10).

EXTRAUTERINE GS

Extrauterine GS is the most specific finding of EP on MR imaging, similar to that observed
on US (12). On T1-weighted imaging (T1WI), GS is typically observed as a thick-walled cystic
mass. On T2-weighted imaging (T2WI), the thick wall typically shows three layered rings,
which is known as the “three-ring sign” (Fig. 8A). The thin inner ring consists of the extraem-
bryonic coelom and amnion without blood vessels and is therefore hypointense on T2WI.
The interstitium of the thick middle ring, which is composed of chorionic villus tissues, is
home to numerous fetal capillaries and maternal blood. Hence, it appears hyperintense on
T2WI and shows marked enhancement. The thin outer ring, which appears hypointense on
T2WI, is formed by the adjacent tubal wall (10).

Conversely, the wall of the GS shows diffusion restrictions on diffusion-weighted imaging
(DWTI) and apparent diffusion coefficient (ADC) maps (Fig. 8B, C). These characteristics can be
related to cellular possessions, vascular fibroblastic proliferation, macromolecules within the
cytoplasm, and the extracellular matrix. It is similar to the “ring of fire” on US (Fig. 5). There-
fore, DWI and ADC maps can be valuable in distinguishing EP from other cystic lesions (13).

In large GSs, solid components composed of embryonic tissues can be detected using MR
imaging (10).

Fig. 8. MRimaging findings in a 40-year-old woman with ectopic pregnancy.
A. Transverse T2-weighted imaging shows a thick-walled cyst (arrow), indicating extrauterine gestational sac and a “three-ring sign.”
B, C. Diffusion-weighted imaging (B) and apparent diffusion coefficient map (C) show a “ring-of-restriction” sign (arrows).
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CHANGES IN THE FALLOPIAN TUBE

Changes in the affected fallopian tube can also be used to identify EP. Dilatation of the fal-
lopian tube with hematosalpinx and tubal wall enhancement has been observed (10). Follow-
ing implantation of the ovum into the epithelium of the fallopian tube, chorionic villi and
trophoblasts invade the tubal wall, forming the placenta. During this process, maternal ves-

sels often rupture into the GS, leading to the formation of a tubal hematoma (hematosalpinx)
(Fig. 9) (7).

HEMOPERITONEUM

Isolated bloody ascites have been reported to be a crucial indicator of EP. Acute to sub-
acute blood appears as isointense to hyperintense fluid on TIWI and as a heterogeneous sig-
nal intensity (SI) on T2WTI (Figs. 9-11) (7, 10).

MR IMAGING OF EP-RELATED CONDITIONS

PREGNANCY OF UNKNOWN LOCATION (PUL)

PUL refers to a transient state defined by a positive 3-hCG test without evidence of either
an IUP or an EP on transvaginal US (14). The possible causes of PUL include early normal
IUP, pregnancy failure, or EP (6). In such situations, MR imaging can be used an additional

imaging tool for the diagnosis.

HETEROTOPIC PREGNANCY

Heterotopic pregnancy refers to the simultaneous coexistence of normal IUP and EP (Figs. 10,
11). It can be either spontaneous or the result of assisted conception. Although this condition oc-
curs spontaneously in 1 in 30000 pregnancies, its prevalence increases in women who conceive
through assisted reproduction, to 1 in 1000 (15). The importance of heterotopic pregnancies is

increasing as women undergo assisted reproduction, particularly ovulation induction.

Fig. 9. MR imaging findings in a 42-year-old woman with chronic pelvic pain for 1 year and low level of 3-human chorionic gonadotropin
elevation.

A-C. Transverse T2WI (A), transverse contrast-enhanced-T1WI (B), and coronal T2WI (C) show a heterogeneous mass in the pelvis. The
combined left tubal dilatation and enhancement are shown. A few chorionic villi in a hemorrhagic background at the left adnexa are con-
sistent with ectopic gestation.

WI = weighted imaging
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Fig. 10. MR imaging findings in a 32-year-old woman with sudden abdominal pain due to heterotopic preg-
nancy. She had undergone in vitro fertilization and embryo transfer and had a twin pregnancy (gestational
age: 7T weeks).

A. Transvaginal sonogram shows normal IUP (calipers).

B. Transverse T2WI shows IUP (P) and small hemoperitoneum (F).

C, D. Transverse (C) and sagittal (D) T2WI show right-sided ectopic pregnancy (arrows) and small hemoperi-
toneum (F).

IUP =intrauterine pregnancy, Wl = weighted imaging

Pelvic pain in a patient with assisted reproduction should be considered when ruling out
heterotopic pregnancy, which remains a diagnostic problem (1). MR imaging is a highly ef-
fective modality for detecting intrauterine and extrauterine pregnancies. However, indica-
tions for MR imaging should be determined with caution if ITUP maintenance is desired (16).

CHRONICEP

Chronic EP refers to a type of tubal pregnancy in which silent minor ruptures or abortions
of the EP occur instead of a single episode of bleeding (17). Prolonged mild hemorrhage dur-
ing EP results in hematoma formation, which induces an inflammatory reaction, adhesions,
and formation of a complex pelvic mass (Fig. 9). The clinical features are mild, and the symp-
toms are subtle. In cases of chronic EP, few chorionic villi produce 3-hCG during chronic EP,
which explains a low serum (3-hCG or negative urine pregnancy test (17).

In a sexually active woman of reproductive age, the presence of an adnexal mass with posi-
tive 3-hCG indicates an EP until proven otherwise. However, outside pregnancy, 3-hCG can
also be produced by neoplastic, even malignant germ cells, placental, or embryonal tissues.
These include germ cell tumors, gestational trophoblastic diseases, teratomas, and testicular

https://doi.org/10.3348/jksr.2024.0037
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Fig. 11. MR imaging findings in a 27-year-old woman with right lower quadrant pain for 1 day.

A. Transvaginal US demonstrates an intrauterine GS.

B-D. Transverse and coronal T2-weighted imaging show an endometrial GS (P) and another GS (arrows) in the right interstitium of the
uterus, suggesting interstitial and heterotopic pregnancy. A large amount of hemoperitoneum (*) at the right paracolic gutter is evident.
MR imaging can detect EP and intrauterine pregnancy.

E. Laparoscopy shows an EP (arrow) in the right interstitium of the uterus with active bleeding. Hemoperitoneum in the pelvis to the up-
per liver dome is also evident.

EP = ectopic pregnancy, GS = gestational sac

cancers. Thus, in the presence of an adnexal mass, careful evaluation of patients and consid-
ering the possibility of neoplasms that can be a source of 3-hCG production are important. Al-
though 50% of EPs are asymptomatic, abdominal pain resulting from distention, hemorrhage,
or necrosis is a common symptom of most malignant germ cell tumors (18). Therefore, gyne-
cological cancer and EP may be distinguished by comprehensively considering the presence
or absence of symptoms such as abdominal pain, tumor markers, and further imaging (17).

UNUSUALLY LOCATED EP
INTERSTITIAL PREGNANCY

CLINICAL FEATURES

Interstitial pregnancy involves implantation at the most proximal part of the fallopian tube
and intramyometrial segments (1, 7, 16). Compared with tubal pregnancies, these pregnan-
cies have higher rates of morbidity and mortality (5). This high morbidity is associated with
the fact that the interstitial portion of the fallopian tube is elastic; therefore, it dilates more
freely and painlessly than the rest of the tube. This results in a delayed clinical presentation,
compared with typical EP, and the possibility of life-threatening massive hemorrhage (5, 11).
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IMAGING FEATURES

When an IUP is observed at a high location in the uterine fundus and is not entirely sur-
rounded by a 5-mm thick myometrium in all planes, a diagnosis of interstitial pregnancy is
suggested (Fig. 11) (5). On MR imaging, a heterogeneous GS-like structure located just lateral
to the cornua and surrounded by myometrium strongly indicates interstitial pregnancy. This
is represented by a high T2 SI (Fig. 11) (7, 16).

CERVICAL PREGNANCY

CLINICAL FEATURES

A rare type of EP, called cervical pregnancy, occurs when the embryo is implanted in the
cervical mucosa below the level of the internal cervical opening (11). It accounts for less than
1% of all EPs and is associated with in vitro fertilization and previous curettage (1). This con-
dition may clinically mimic ongoing spontaneous abortion, incomplete abortion, gestational

trophoblastic disease, cesarean section pregnancy, or low-lying placenta (12).

IMAGING FEATURES

As the fetus grows within the cervix, the uterus may show an “hourglass” or “figure-of-eight-
like” appearance (1). Furthermore, live embryos with cardiac activity or GS with peritropho-
blastic flow below the internal cervical opening strongly indicate a cervical pregnancy (1, 5).
Cervical pregnancy can be visualized on MR imaging as a lobulated mass with heterogeneous
ST and a partial or complete dark rim on T2WI (11, 12). Contrast-enhanced imaging reveals an
irregular peripheral rim enhancement and densely enhanced papillary components. Mixed-
stage hemorrhage is a probable cause of heterogeneous SI, and enhanced papillary compo-

nents indicate retained products of the fetoplacental tissues (11, 16).

SCAR PREGNANCY

CLINICAL FEATURES

Cesarean scar pregnancy refers to implantation at the site of a previous cesarean delivery
incision, leading to the formation of a GS surrounded by myometrial and fibrous tissue (11,
16). A plausible explanation is that a conduit links the uterine myometrium and endometrial
canal, enabling implantation inside the scar (1). Cesarean scar pregnancy is rare (less than
1% of all pregnancies); however, its incidence increases with the rate of cesarean section de-
liveries (11, 12).

IMAGING FEATURES

On US, the GS, located on the anterior wall of the inferior part of the uterus, can be visual-
ized. The myometrium may also be thinned anteriorly owing to compression by the GS (1).
MR imaging findings include an empty uterus/cervical canal, a GS-like structure in the ante-
rior part of the lower uterine segment, and the location of a prior cesarean section. A mark-
edly thin myometrium can be observed between the GS and bladder wall (12, 16).
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OVARIAN PREGNANCY

CLINICAL FEATURES

Ovarian pregnancy refers to the implantation of a fertilized ovum in the ovary. It comprises
up to 3% of all EPs. Ovarian pregnancies are significantly associated with the use of intra-
uterine devices (11). In this condition, the challenge is distinguishing ovarian EP from func-

tional ovarian cysts, such as corpus luteum or hemorrhagic cysts.

IMAGING FEATURES

Ovarian pregnancies typically present with ovarian cysts characterized by thick echogenic
peripheral vascular rings (5, 19). Ovarian pregnancy is associated with the presence of GS,
chorionic villi, or an aberrant cyst within the ovary with a hyperechoic ring, as well as nor-
mal fallopian tubes (1, 5).

On MR imaging, ovarian pregnancy can be observed as a GS-like structure, either on or in-
side the ovary, often containing an acute hematoma with low SI on T2WI (11). Additionally,
they show thickened, irregular walls with heterogeneous enhancement (12, 16).

ABDOMINAL PREGNANCY

CLINICAL FEATURES

The definition of abdominal pregnancy (1.3% of all EPs) is the implantation of a GS outside
the uterus, fallopian tubes, and ovaries within the peritoneal cavity (12). Pregnancy com-
monly occurs in the anterior and posterior uterine pouches, uterus, and adnexal serosa (12).
Because pregnancy can potentially advance GA, it is associated with high morbidity and

Fig. 12. MR imaging finding in a 28-
year-old woman with abdominal EP.
Coronal T2-weighted imaging shows
a well-defined cystic lesion with a
thick peripheral wall (arrow) in the
lateral aspect of the ascending colon,
suggested to be the focus of the EP.
Adapted from Kim et al. Abdom Ra-
diol (NY) 2022;47:2254-2276, with
permission of Springer Nature (20).
EP = ectopic pregnancy
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Table 1. MR Imaging of Ectopic Pregnancy

MR Features

Extrauterine gestational sac Thick-walled cystic mass on T1WI
“3-ring sign” on T2WI; three layered wall of inner hypo - middle hyper - outer hypo SI
Diffusion restriction (+)
Solid components (%) in large gestational sac
Changes in fallopian tube Dilatation of fallopian tube
Tubal hematoma (hemosalphinx)
Tubal wall enhancement
Hemoperitoneum Collects in gravity-dependent areas, most commonly in the cul-de-sac
Iso- to hyper Sl on T1WI
Heterogeneous Sl on T2WI
Sl =signal intensity, Wl = weighted imaging

mortality due to delayed detection and usually requires surgical treatment (16).

IMAGING FEATURES

Typical US findings in an abdominal pregnancy include an empty uterus and no myome-
trial tissue between the maternal bladder and the pregnancy (11).

The findings of abdominal EP on MR imaging include the presence of a GS outside the re-
productive tract (Fig. 12), which may or may not show hemorrhage. For example, it has been
found in the pouch of Douglas. An important finding is the absence of myometrium sur-
rounding the sac. These findings are best observed on T2WI (7, 12, 20). Peritoneal enhance-

ment surrounding the sac can also be observed (16).

CONCLUSION

MR imaging is a useful problem-solving imaging tool for diagnosing EP and systematically
evaluates the entire abdomen (Tables 1, 2).

Radiologists should be comfortable diagnosing EP on MR imaging, particularly when US
findings are equivocal or inconclusive. Familiarity with both US and MR imaging features of
EP and related conditions and making a comprehensive interpretation considering the clini-

cal setting can facilitate a more accurate diagnosis with prompt and appropriate treatment.
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