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Abstract

In women at risk for an ectopic pregnancy, every
effort should be made to exclude the presence of
an intrauterine pregnancy before embarking on an
irreversible treatment for ectopic pregnancy. The
diagnosis of ectopic pregnancy, unless directly visualized
with transvaginal ultrasound, is made with the exclusion
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of an intrauterine pregnancy. Measurement of human
chorionic gonadotrophin and progesterone levels, and
transvaginal ultrasound are the tools used to evaluate
early pregnancy. In women at risk for an ectopic pre-
gnancy, every effort should be made to exclude the
presence of an intrauterine pregnancy before embarking
on an irreversible treatment course. Methotrexate is an
antimetabolite that inhibits DNA synthesis and repair and
cell replication. It is administered to ostensible destroy
a pregnancy, especially ectopic pregnancies. When
administered to an intrauterine pregnancy, embryonic
death and missed abortion is the most common result,
but early embryos that survive this exposure are likely
to have multiple anomalies. The mistaken administration
of methotrexate to an intrauterine pregnancy is made
because of misinterpretation of the discriminatory zone of
human chorionic gonadotropin (hCG), misinterpretation
of early hCG serum levels, misinterpretation of early
transvaginal ultrasound images, and failure to clinically
correlate hCG levels and ultrasound findings.

Key words: Ectopic pregnancy; Ultrasound; Human
chorionic gonadotropin; Methotrexate
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Core tip: In women at risk for an ectopic pregnancy,
every effort should be made to exclude the presence
of an intrauterine pregnancy before embarking on
an irreversible treatment course. Methotrexate is an
antimetabolite that inhibits DNA synthesis and repair
and cell replication. It is administered to ostensible
destroy a pregnancy, especially ectopic pregnancies.
When administered to an intrauterine pregnancy,
embryonic death and missed abortion is the most
common result, but early embryos that survive this
exposure are likely to have multiple anomalies.

Fylstra DL. Avoiding misdiagnosing an early intrauterine
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INTRODUCTION

In women at risk for an ectopic pregnancy, every
effort should be made to exclude the presence of
an intrauterine pregnancy before embarking on an
irreversible treatment for ectopic pregnancy, such as the
administration of methotrexate. When methotrexate is
administered to an intrauterine pregnancy, embryonic
death with missed abortion is the most common result,
but case reports of methotrexate embryopathy have
described embryos that have survived early metho-
trexate exposure.

LITERATURE RESERACH

This is a clinical perspective from experience with cases
when methotrexate has been mistakenly administered
to an undiagnosed intrauterine pregnancy. Included is
a review of serum hCG and progesterone levels and
ultrasound interpretation.

Clinical characteristics

The diagnosis of ectopic pregnancy, unless directly
visualized with transvaginal ultrasound, is made with the
exclusion of an intrauterine pregnancy. The confirmation
of an intrauterine pregnancy with transvaginal ultrasound
relies upon recognition, initially of a true gestational sac,
followed soon thereafter, by recognition of structures
within the sac consistent with a developing embryo. The
term “gestational sac” is a sonographic term and not
an anatomical structure. A true gestational sac has a
thick echogenic rim, a trophoblastic decidual reaction,
surrounding a sonolucent center, the chorionic sac'", The
intradecidual sign is the presence of such a sac buried
beneath the surface of the endometrium, appearing
eccentrically positioned within the endometrium (Figure
1). A “pseudosac” is a collection of fluid within the
endometrial cavity itself, created by bleeding from
the decidualized endometrium associated with an
extrauterine pregnancy implantation (Figure 2). The
precise location of such an early sonolucent uterine fluid
collection should distinguish between a true gestational
sac and a pseudosac.

Prior to the recognition on a definite intrauterine
pregnancy, transvaginal ultrasound measurement of
the endometrial echo thickness in early gestation can
be helpful in predicting pregnancy location. Spandorfer
et al’ reporting on 117 pregnancies with a gestational
age between 5.3 and 6.3 wk found statistically different
endometrial echo thicknesses between patients who
eventually had normal intrauterine, failed intrauterine,
and ectopic gestations. Patients with normal preg-
nancies had endometrial echo thicknesses of 13.42 +
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Figure 1 Transvaginal ultrasound image of a gestational sac consistent
with an early intrauterine pregnancy.

0.68 mm. In contrast, those with failed intrauterine and
ectopic gestations measured 9.28 + 0.88 mm and 5.95
£ 0.35 mm, respectively (P < 0.01). In this report,
97% of patients with an echo no greater than 8 mm
had abnormal pregnancies, and 71% of these abnormal
pregnancies were ectopic in location. Only 41% of
those patients with an echo thickness greater than 8
mm were abnormal, and only 14.7% were ectopic in
location. No patient with an endometrial echo thickness
greater than 13 mm had an ectopic pregnancy, and no
patients with an echo thickness less than 6 mm had a
normal pregnancy. Other authors have not been able to
duplicate these discrete, well-stratified echo thickness
separations®®!, Therefore, such absolute endometrial
thickness numbers cannot be absolutely relied upon,
but attention to endometrial thickness can be helpful
in predicting pregnancy location, especially when the
endometrial thickness is very thin or very thick.

The “discriminatory zone” of human chorionic gona-
dotrophin (hCG) is that level of serum hCG at which a
normal and singleton gestation can be visualized within
the endometrial cavity with transvaginal ultrasound.
Depending upon the lab and the reference standard
used, that hCG level is 1500 to 2000 mIU/mL. A failing
pregnancy, including an ectopic implantation, should
be considered, but is not confirmed, when this hCG
threshold is reached and an intrauterine gestational sac
is not seen with transvaginal ultrasound™.

The possibility of ectopic pregnancy is frequently
considered before hCG has reached the discriminatory
zone and before ultrasound recognition'”). Human
chorionic gonadotropin rises exponentially in early nor-
mal pregnancy and should rise at least by 53% in 48
h'®!. This exponential rise is less reliable after 10000
mIU/mL, and at this level pregnancy is better evaluated
with ultrasound. Fifteen percent of normal intrauterine
pregnancies can demonstrate an abnormal early rise of
hCG, but for the majority of gestations, when the hCG
rise is abnormal, at a plateau, or falling, an abnormal
pregnancy is confirmed, but not its location™.

When exact pregnancy dating is available, an intrau-
terine pregnancy, regardless of embryonic number,
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Figure 2 Transvaginal ultrasound image of a fluid collection within the en-
dometrial cavity, a pseudosac, consistent with an extrauterine pregnancy.

should be identified within the endometrial cavity with
transvaginal ultrasonography by 24 embryonic days,
or 38 menstrual days (exact 28 d menstrual cycle)!'?.
This exact pregnhancy dating does not rely on human
chorionic gonadotropin levels. Therefore, failure to
identify an intrauterine pregnancy with such exact
dating is presumptive evidence of a failing pregnancy,
which could be ectopic in location. Without such exact
pregnancy dating, and with no intrauterine pregnancy
identified with transvaginal sonography: the “non-
diagnostic ultrasound”, a serum level of hCG is needed
for ultrasound interpretation ™.

Usually, the transvaginal ultrasound identification
of an intrauterine pregnancy reliably excludes an
extrauterine implantation. A yolk sac is the first visible
structure within the gestational sac, and is a distinct
circular structure with a bright echogenic rim and
sonolucent center (Figure 3), and is recognized 3 wk
post-conception (5 wk after the last menstrual period).
The embryo is first recognized as a thickening along an
edge of the yolk sac, and embryonic cardiac motion can
be first observed 31/2 to 4 wk post-conception (51/2-6
wk after last menstrual period).

An exception to the above is the presence of a
heterotopic pregnancy: the co-existence of an extrau-
terine implantation with an intrauterine pregnancy.
Traditionally, the incidence of heterotopic pregnancy in
spontaneous cycles has been reported to be 1 in 30000
pregnancies™. However, its incidence is actually 1 in
3889 pregnancies'”. The incidence is even higher (1
in 100 pregnancies) in women conceiving with in vitro
fertilization and embryo transfer™. Should a clinical
presentation or abnormal pelvic ultrasound appearance
suggest an ectopic pregnancy, despite visualization of
an intrauterine gestation, the diagnosis of heterotopic
pregnancy should be considered, with the probable
need for diagnostic laparoscopy confirmation and treat-
ment.

A serum progesterone level can be helpful when the
hCG is elevated, the endometrial echo is thickened and
no gestational sac is seen. In a study spanning several
years and yielding 3674 consecutive emergency room
pregnant women visits, a serum progesterone level
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Figure 3 Transvaginal ultrasound image of an intrauterine true gestational
sac containing a yolk sac.

less than 5 ng/mL had a specificity of nearly 100% in
detecting a failing pregnancy™***. Therefore, with this
low progesterone level, uterine curettage can be used
to differentiate between a failing intrauterine pregnancy
and an ectopic without the fear of interrupting a normal
intrauterine pregnancy. When chorionic villi are seen
on pathology, the diagnosis is a failed intrauterine
pregnancy. If no chronic villi are retrieved from the
uterus, the pregnancy is somewhere else. An exception
to this would be with a history of heavy vaginal bleeding
consistent with a completed spontaneous pregnancy
loss. Therefore, after uterine evacuation and absent
chorionic villi, hCG should be re-measured. A falling
hCG level would support the diagnosis of a spontaneous
loss, and continued observation is recommended. With
a post uterine evacuation persistently elevated hCG,
ectopic pregnancy is confirmed.

Methotrexate is an antimetabolite that binds to the
catalytic site of dihydrofolate reductase, interrupting
the synthesis of purine nucleotides and the amino acids
serine and methionine, thus inhibiting DNA synthesis and
repair and cell replication. It affects actively proliferating
tissues such as bone marrow, buccal and intestinal
mucosa, respiratory epithelium, malignant cells, and
trophoblastic tissue. Systemic methotrexate has been
used to treat gestational trophoblastic disease since 1956
and was first used to treat ectopic pregnancy in 1982,
It is administered to ostensible destroy a pregnancy,
especially ectopic pregnancies. When administered to
an intrauterine pregnancy, embryonic death and missed
abortion is the most common result, but case reports
of methotrexate embryopathy have described embryos
that have survived early methotrexate exposure!’*,
The gestational age at exposure to methotrexate is
critical for the type of malformations observed™’**,
In particular, exposure at 5 to 6 wk gestation, which is
often the case in misdiagnoses of ectopic pregnancy,
may lead to methotrexate embryopathy, including
musculoskeletal, conotruncal, cardiac and central nervous
system abnormalities!’”**., Cardiac defects include
Tetralogy of Fallot, perimembranous ventricular septal
defect, patent foramen ovale, and increased pulmonary
artery pressures. Intrauterine growth restriction occurs,
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Figure 4 Transvaginal ultrasound image of a thickened endometrial echo
before identification of what will be an intrauterine pregnancy.

and, after delivery, neurodevelopmental delay is
common.

Administration of methotrexate to a woman with
a presumptive diagnosis of ectopic pregnancy, which
eventually turns out to have an intrauterine pregnancy,
results from the following:

Misinterpretation of the discriminatory zone of hCG

As stated, the discriminatory level of hCG is defined
by a “normal and singleton” gestation, i.e., a single
embryo pregnancy that is living and intrauterine. If a
pregnancy is not seen within the endometrial cavity
with transvaginal ultrasound when the hCG level has
reached the discriminatory zone, an ectopic pregnancy
may be suspected, but is not diagnosed with certainty.
A single early hCG level is only a marker for gestational
age, and dlinical parameters are more important in the
decision-making process. An early multiple gestation
may not be seen when the singleton hCG discriminatory
level has been reached, and this should especially be
considered in those women who have conceived with
assisted reproduction. Also, because an abnormal
pregnancy would be expected to have a lower hCG level
at any given gestational age, delaying the performance
of a vaginal ultrasound until the hCG level has reached
the discriminatory level could miss the early opportunity
to diagnose an ectopic pregnancy.

Because of the variation in vaginal ultrasound tech-
nical and interpretive abilities and laboratory hCG
levels, before embarking on treatment for a presumed
ectopic pregnancy, especially with methotrexate, every
pregnancy should be given the benefit of the doubt,
even if undesired. The diagnosis may require the use
of diagnostic laparoscopy for confirmation or, simply,
more time and serial measurements of hCG and serial
ultrasounds until the diagnosis is certain.

Misinterpretation of early hCG serum levels

Barnhart, etal, have redefined early hCG curves®®. They
report a cohort of women who presented with abdominal
pain and/or vaginal bleeding, symptoms which would
place these women at risk for ectopic implantation, but
who eventually had normal intrauterine pregnancies.
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Figure 5 Transvaginal ultrasound image of a thin endometrial echo asso-
ciated with and ectopic pregnancy.

Ninety-nine percent of these early normal intrauterine
pregnancies demonstrated an early hCG rise of at least
53% in 48 h. Relying on hCG measurements less than
after a true 48 h interval or the use of the old concept of
true doubling or a 66% rise in 48 h could misdiagnose
an intrauterine pregnancy as an ectopic™®.

Misinterpretation of early transvaginal ultrasound
findings
In a woman with a positive pregnancy and before
the recognition of an intrauterine pregnancy with
transvaginal ultrasound, endometrial echo thickness
can be evaluated (Figures 4 and 5). As stated before,
endometrial echo thickness can be helpful, but not
definitive, in diagnosing pregnancy location: the thinner
the endometrial echo, especially when less than 8 mm,
the more likely the gestation is an ectopic implantation®.
As stated before, absence of an intrauterine gestational
sac on transvaginal ultrasound is not diagnostic of
an extrauterine implantation, and clinical parameters
must be considered in addition to absolute hCG levels,
and because of the variation in the technical quality
and interpretive ability of vaginal ultrasound and
variation in laboratory hCG levels, the diagnoses of
an ectopic pregnancy should not be made based on a
single non-diagnostic ultrasound or a single hCG level.
Furthermore, the location and appearance of an early
intrauterine fluid collection may not always meet the
criteria for a true gestational sac: eccentrically located
sonolucent area surrounded by an echogenic rim.
Emergency room bedside sonography performed
by emergency room personnel may differ significantly
in quality and protocol from sonography performed
by radiologists or trained gynecologists. A recent
emergency room study reported that within a group
of 161 women who were eventually proven to have a
living intrauterine pregnancy, 47 (29%) were missed
with initial emergency room bedside sonography with
hCG levels as high as 100000 mIU/mL (mean hCG
level of missed intrauterine pregnancies was 6633
mIU/mL)"Y. When the transvaginal ultrasound imaging
interpretation is rendered by an emergency room
physician or a radiologist, it would be prudent for the
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Figure 6 Non-surgical algorithm for the early diagnosis of ectopic pregnancy utilizing vaginal ultrasound, including endometrial echo thickness, serum human
chorionic gonadotrophin and serum progesterone. hCG: Human chorionic gonadotropin; US: Ultrasound; EP: Ectopic pregnancy; IUP: Inverted urothelial papilloma.

treating gynecologist to view the ultrasound images
and discuss the findings with the other physician
before embarking of treatment of a suspected ectopic
pregnancy. Unless absolutely diagnostic, caution is
recommended in interpreting a single hCG level and a
single ultrasound image.

CONCLUSION

The true overall incidence of methotrexate exposure to
early intrauterine pregnancies is unknown and probably
under reported because few cases are found in the
medical literature. Every effort should be made to
exclude an intrauterine pregnancy before embarking
on an irreversible ectopic pregnancy treatment course,
i.e., methotrexate. Unless a clinical emergency exists,
which would also be a contraindication to medical
management, expectant management with follow up
hCG levels and follow up ultrasound imaging will even-
tually lead to the correct diagnosis. Administration of
methotrexate is never an emergency. Laparoscopy
confirmation should not be disregarded when felt
clinically appropriate. A thickened endometrial echo
without a gestation sac needs follow up ultrasound
imaging. Any intrauterine fluid collection should be
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considered a probable gestational sac until proven
otherwise. A low serum progesterone can justify
endometrial curettage to differentiate between a failing
intrauterine pregnancy and an ectopic pregnancy. The
rise of hCG should be interpreted in view of the new hCG
curves.

Figure 6 is a suggested non-surgical diagnostic
algorithm utilizing these diagnostic principles. The
algorithm has not been tested to yield sensitivity,
specificity, positive or negative predictive values, but
adds the evaluation of endometrial thickness to the
criteria of previous non-surgical algorithms. Every
woman with the potential diagnosis of ectopic pregnancy
should be counseled on the need for close follow up
while awaiting diagnostic confirmation, rather than
proceeding with an irreversible treatment with only a
suspicion.
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