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Abstract

Objective: Evaluate the effectiveness of Methotrexate in clinical treatment of ectopic pregnancy and
analyze the influence of clinical and laboratory variables on the treatment outcome.

Methods: It was a retrospective study of 95 patients undergoing clinical treatment with Methotrexate
at a private tertiary hospital in the metropolitan region of Belo Horizonte. Variables such as age,
presence of pelvic pain, previous ectopic pregnancy, initial beta-hCG level and largest adnexal mass
measurement were analyzed. The theoretical framework followed a data search in PubMed, selecting
17 articles in total.

Results: The clinical success rate with a dose of Methotrexate was 71,6%. Among the variables
evaluated, only the initial beta-hCG value showed statistical significance with the outcome,
therefore, higher the beta-hCG, lower the chance of treatment effectiveness, with a p-value of 0.002.
The other variables analyzed did not show any significant association.

Conclusion: Methotrexate has been shown to be effective in most cases of ectopic pregnancy, with
the initial beta-hCG value standing out as a predictor of treatment failure. The findings reinforce the
importance of adequate patient selection and laboratory monitoring in clinical follow-up.
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Introduction

Ectopic pregnancy (EP) is a significant cause of maternal
morbidity and mortality in the first trimester of pregnancy.
Its incidence has increased in recent decades, largely due
to improved diagnostic accuracy through transvaginal ultra-
sonography and the measurement of serum beta-hCG levels.
It is a common cause of abdominal pain in gynecology and
has an incidence of 2 to 3% in all pregnancies. Early diagno-
sis has made conservative treatments more viable, particu-
larly medical management with methotrexate (MTX]), which
aims to avoid surgical intervention and preserve fertility.(%

MTX is a folic acid antagonist that inhibits DNA synthe-
sis and cell division. In the context of EP, it promotes tropho-
blastic tissue regression. The single-dose protocol is com-
monly used due to its simplicity and favorable safety profile.
However, treatment success is not guaranteed and may be
influenced by clinical and laboratory factors, including ini-
tial beta-hCG levels, size of the adnexal mass, presence of
fetal cardiac activity, and patient symptoms.2358)

Although several studies have evaluated the efficacy
of MTX, most were conducted in public hospitals, where pa-
tient profiles and health service dynamics differ from those
in private institutions. Thus, it is important to understand
the effectiveness of MTX in different healthcare contexts and
identify variables associated with treatment failure.

The National Institute for Health and Care Excellence
(NICE) in England recommends the use of methotrexate as
first-line therapy for women who can undergo follow-up and
meet the following criteria: 1. They have no significant pain.
2. An uninterrupted ectopic pregnancy with a mass smaller
than 35 mm without a visible heartbeat. 3. A beta-hCG lev-
el below 1500 IU/L without an intrauterine pregnancy con-
firmed by ultrasound.(”

The serum Beta-HCG levels are measured on days 4 and
7 after the medication. If there is a reduction of more than
15% between days 4 and 7, the levels should be measured
weekly until they are below 15 mIU/L. If there is no 15% reduc-
tion, the administration of a second dose of Methotrexate
may be considered.®

Overall, the success rate of Methotrexate for ectopic
pregnancy ranges between 85-95%, with 3-27% requiring
a second dose. Some factors are considered predictors of
success, including an initial Beta-HCG level below 1000 ml-
U/L, absence of a gestational sac on ultrasound, minimal in-
crease of Beta-HCG prior to medication administration, and
a decline in Beta-HCG between days 1 and 4.(23%)

It is important to emphasize to patients undergoing
medical treatment that Methotrexate does not affect future
reproductive function. However, it is recommended that
women who have used Methotrexate wait at least 3 months
before attempting conception again.®® On the other hand,
failure of clinical treatment is associated with the need for
emergency surgical intervention and possible impacts on
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fertility. Therefore, early identification of prognostic factors,
such as elevated beta-hCG levels, is essential to prevent se-
rious complications.(®'®

This study aimed to evaluate the effectiveness of sin-
gle-dose MTX in the treatment of ectopic pregnancy at a pri-
vate tertiary hospital and to analyze clinical and laboratory
factors associated with therapeutic success or failure.

Methods

This was a retrospective, observational study conducted at
a private tertiary hospital in the metropolitan region of Belo
Horizonte, Brazil, from 2019 to 2023.

The inclusion criteria were women aged >18 years, di-
agnosis of ectopic pregnancy confirmed by clinical criteria
and transvaginal ultrasound, clinical stability and eligibility
formedicaltreatment with Methotrexate. The exclusion crite-
ria were contraindications to Methotrexate, such as anemia,
leucopenia, thrombocytopenia, impaired renal and hepatic
function, hypersensitivity, hemodynamic instability, signs
of rupture, initial serum beta-hCG >5,000 mIU/mL, presence
of fetal cardiac activity on ultrasound, adnexal mass > 4 cm,
incomplete medical records or loss to follow-up.

Patients received a single intramuscular dose of meth-
otrexate (50 mg/m? of body surface area). Serum beta-hCG
levels were monitored immediately before MTX adminis-
tration, defined as day 1, and subsequently on days 4, and
7 post-treatment. A >15% decrease in beta-hCG from day 4
to day 7 was considered indicative of treatment response.
Patients not meeting this criterion were offered a second
MTX dose. Expectant management is not part of the routine
practice at this institution; methotrexate is the standard
therapeutic approach for all eligible patients.

The variables analyzed included: age, parity, presence
of pelvic pain, history of previous ectopic pregnancy, ini-
tial beta-hCG level, and maximum diameter of the adnexal
mass. Patients were categorized into two groups based on
treatment outcome: success (resolution without surgery)
and failure (requiring surgical intervention).

The theoretical framework was obtained through a sys-
tematic review in the PubMed database using the keywords
“ectopic pregnancy,” “methotrexate,” and “effectiveness,’
covering the years 2019 to 2024, which resulted in 242 stud-
ies. Paid texts were excluded, leaving 144 results. After ex-
cluding articles based on titles that addressed unrelated
topics, 28 articles remained. Finally, 13 articles were select-
ed after full-text reading.

Although the time frame of the literature review was
limited to 2019-2024, three articles from previous years
were intentionally and carefully included due to their on-
going clinical and conceptual relevance in the current con-
text. The guideline of the Royal College of Obstetricians and
Gynaecologists remains an international reference for the
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Total number of patients who received
Methotrexate: 95 patients

A4

L4

Patients who showed resolution
after the 1st dose of Methotrexate:
68 patients (71.57%)

Patients who required additional
treatment after the first dose:
27 patients (28.42%)

v \

v

Multiple-dose protocol for ectopic
pregnancy in cesarean scar:
1 patient (1.05%)

Received a second dose of
Methotrexate:
15 patients (16.78%)

Referred for additional surgical treatment:
11 patients (11.57%)
-8due to suspected tubal rupture
-3 due to persistent elevation of Beta-HCG

v

L4

Resolution after the second dose
of Methotrexate:
12 patients (12.63%)

Need for surgical treatment even
after the second dose:
3 patients (3.15%)

Figure 1. Flow of the patients observed in the study according to treatment and success rate. 71.6% of the patients achieved clinical success
with a single dose of Methotrexate, while 12.6% showed resolution with treatment using two doses. 1% required treatment with multiple doses,
and in total, 14 patients underwent additional surgical treatment for resolution

Figure 2. Transvaginal ultrasound from the study cohort, showing a
right adnexal mass with peripheral vascularization (arrow), consis-
ent with the classical tubal ring sign of ectopic pregnancy

diagnostic and therapeutic management of ectopic preg-
nancy and is widely cited by contemporary studies. The work
of Stovall et al. (1991)® describes the original single-dose
Methotrexate protocol, which serves as the basis for virtu-
ally all subsequent clinical studies on the subject. Bourne
et al. (2013)™ present a well-founded critique of the NICE
guidelines, addressing practical and ethical implications
regarding treatment accessibility, making it relevant for dis-
cussions on public health and patient safety. Therefore, their
inclusion was justified by historical, clinical, and method-
ological relevance, as well as the lack of recent publications
that fully replace their content.

Descriptive statistics were presented as means and
standard deviations or medians and interquartile rang-
es, depending on distribution. Comparisons between
groups were made using Student’s t-test, Mann-Whitney U
test, chi-square test, or Fisher’s exact test, as appropriate.
Multivariate logistic regression was performed to identify
independent predictors of treatment failure. Statistical sig-
nificance was set at p<0.05.

Theresearchwasapproved by the institution’s Research
Ethics Committee under protocol number Certificado de
Apresentacéo para Apreciagéo Etica: 78267124.5.0000.5128,
Process n° 6.798.288 of May 01, 2024.

Results

A total of 95 patients with a confirmed diagnosis of ectopic
pregnancy were treated with methotrexate between 2019
and 2023. The mean age of the participants was 30.8 years
(#5.4), and the median initial beta-hCG level was 1,436 mIU/
mL (interquartile range: 798-2,507). Most patients (83.2%)
reported pelvic pain at the time of diagnosis, and 18.9% had
a previous history of ectopic pregnancy. The mean diameter
of the adnexal mass was 2.9 cm (£0.9), and no cases pre-
sented with fetal cardiac activity. (Figure 1). An illustrative
example of an adnexal mass on transvaginal ultrasound
from our patient cohort is shown in figure 2.

The success rate of clinical treatment with a single
dose of methotrexate was 71.6% (68/95 patients). When pa-
tients who required a second dose were included, the total
success rate raised to 84.2% (80/95). Fifteen patients (15.8%)
did not respond to medical treatment and required surgical
intervention (laparoscopy or laparotomy) due to increased
beta-hCG levels, persistence of the adnexal mass, or clini-
cal worsening. The variables age, initial beta-hCG level, and
adnexal mass diameter were compared between the groups
with and without treatment failure. The mean age was 33.9 £
4.9 yearsin the clinical success group and 35.6 4.9 years in
the group that required additional treatment, with no statis-
tically significant difference (p = 0.139). The initial beta-hCG
level was significantly higher in the failure group (1993.0 +
1289.8 IU/L) compared to the success group (1059.9 +1113.8
IU/L), with a statistically significant difference (p = 0.002)
(Table 1). The largest measurement of the adnexal mass was
20.8 £ 71 mm in the success group and 18.4 £ 7.9 mm in the
failure group, with no statistical significance (p = 0.167).
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Table 1. Distribution of patients across three initial beta-hCG level
ranges based on treatment outcome. There is a trend toward a high-
er failure rate among patients with levels above 1000 IU/L, particu-
larly those above 3000 IU/L. The difference was statistically signif-
icant (p = 0.002)

Beta-hCG Clinical success Failure Total
<1000 43 7 50
1000-3000 19 13 32
>3000 6 7 13
Total 68 27 95

A statistically significant association was found be-
tween initial beta-hCG level and treatment failure (p = 0.002).
Patients in the failure group had higher mean beta-hCG levels
(2,580 mIU/mL) compared to the success group (1,268 mIU/
mL). Other variables such as age, parity, pelvic pain, previous
ectopic pregnancy, and adnexal mass diameter showed no
significant differences between the groups (Table 2).

Table 2. Variables analyzed with treatment success and failure out-
comes, along with p-values

Variables Mean +SD Mean +SD p-value
Age (Years) 33.9+49 35.6+4.9 0.139
Initial B-hCG (IU/L) 10568.9+1113.8  1993.0+1289.8 0.002
Largest mass measurement (mm) 20.8+71 184+79 0.167

SD - standard deviation

A logistic regression analysis was performed to evalu-
ate predictors of treatment success. In the univariate model,
serum B-hCG levels between 2001-5000 mlIU/mL were sig-
nificantly associated with lower odds of success (OR 0.23;
95% Cl 0.09-0.61; p = 0.003). In the multivariate analysis,
this variable remained an independent predictor of treat-
ment failure (OR 0.21; 95% Cl 0.07-0.62; p = 0.005). Other
variables, including age, parity, previous ectopic pregnancy,
adnexal mass diameter, and pelvic pain, were not signifi-
cantly associated with outcomes (Table 3).

In multivariate logistic regression, only the initial be-
ta-hCG levelremained anindependent predictor of treatment
failure (p < 0.01), reinforcing its prognostic importance.

Discussion

This study evaluated the effectiveness of single-dose meth-
otrexate in the treatment of ectopic pregnancy at a private
tertiary hospital, finding a clinical success rate of 71.6% with
one dose, increasing to 84.2% when including patients who

required a second dose. These results are consistent with
previous studies reporting success rates ranging from 68%
to 95%, depending on inclusion criteria and treatment pro-
tocols.(184810)

In 2017, a retrospective study was conducted at the
same hospital unit, including 84 patients diagnosed with
ectopic pregnancy who received medical treatment with
Methotrexate. In 68 patients, medical treatment—consider-
ing one or two doses—was successful (80.95%), a result that
supports the data found in the current study, where an 84%
success rate was observed for medical treatment consider-
ing one and two doses.™

Among the variables analyzed in the current study,
the initial beta-hCG level was the only factor significantly
associated with treatment outcome. Patients who required
additional treatment, either with a second dose or via vide-
olaparoscopy, had significantly higher initial levels (1993.0
+1289.8 IU/L) compared to those who achieved clinical res-
olution (1059.9 £ 1113.8 IU/L), with p = 0.002. This finding
reinforces what is widely described in the literature: high-
er beta-hCG levels at the time of diagnosis are associated
with a greater risk of medical treatment failure, possibly
reflecting greater trophoblastic activity and a larger volume
of gestational tissue. Most references cite a cutoff value of
5,000 mIU/mL; however, one study suggests that patients
with beta-hCG > 3,000 mIU/mL may require a second dose,
asitdemonstrated an 82% success rate in patients receiving
two doses, compared to 67% in those treated with a single
Methotrexate dose.(346101214)

Another study conducted in 2024, focused on cases
with higher beta-hCG levels (above 5,000 mlU/mL), con-
cluded that Methotrexate can still be effective in such cases.
However, the need for strict monitoring becomes even great-
er due to the higher risk of treatment failure.(®

Although slightly older, patients who required additional
treatment did not show a statistically significant difference
in age (p = 0.139). Similarly, the largest measurement of the
adnexal mass did not differ significantly between the groups
(p = 0.167), suggesting that, in this sample, the size of the le-
sion observed on ultrasound was not predictive of treatment
failure. Nevertheless, the ultrasound aspect remains an im-
portant diagnostic feature. In our cohort, adnexal masses
typically appeared as heterogeneous structures adjacent to
the ovary, sometimes presenting the classical hyperechoic

Table 3. Logistic regression analysis of factors associated with methotrexate treatment success in ectopic pregnancy

Variables Univariate OR 95% Cl p-value Multivariate OR 95% Cl p-value
Age (Years) 0.93 0.84-1.02 0.138 0.94 0.84-1.05 0.231
Parity 1.00 0.71-1.41 0.996 110 0.73-1.67 0.645
Previous ectopic pregnancy 0.77 0.21-2.79 0.687 1.63 0.32-8.43 0.559
B-hCG 200-105000 mIU/mL 0.23 0.09-0.61 0.003 0.21 0.07-0.62 0.005
Mass diameter (mm) 1.05 0.98-1.12 0.146 1.07 0.98-1.15 0.078
Pelvic pain 1.02 0.40-2.63 0.964 0.63 0.21-1.87 0.402

OR - 0dds Ratio; Cl - confidence interval

Note: For regression analysis, beta-hCG values were categorized into two ranges (<2000 and 2001-5000 mlU/mL), as no patients in this cohort presented levels above 5000 mIU/mL.
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“tubal ring sign,” widely described in the literature as a hall-
mark of tubal ectopic pregnancy. This finding, illustrated in
Figure 2, highlights the relevance of ultrasound evaluation in
guiding clinical decision-making and supports its role as a
complementary tool to biochemical markers. The presence of
pelvic pain, which is often considered an exclusion criterion
for medical treatmentin some guidelines, was not associated
with therapeutic failure (p = 0.402). The same was observed
for previous ectopic pregnancy (p = 0.559). These findings
indicate that such factors, in isolation, should not be consid-
ered absolute contraindications to the use of Methotrexate,
provided the patient is hemodynamically stable and meets
the appropriate clinical criteria. Other factors have already
been described in the literature as being of lesser utility for
predicting success.34910121617)

These results are consistent with previous studies that
identify beta-hCG as the main predictive marker of therapeu-
tic success. However, the study has limitations, including its
retrospective design, reliance on medical records, and the
use of a fixed methotrexate dose rather than dosing based
on body surface area in some cases, which may have led to
underdosing in heavier patients and influenced outcomes.

Despite these limitations, the findings contribute to
clinical practice by reinforcing that beta-hCG levels remain
the strongest predictor of medical treatment success and
support the use of methotrexate as a safe and effective op-
tion in carefully selected patients.

Conclusion

Single-dose methotrexate is an effective and safe treatment
for ectopic pregnancy in most cases, with an overall success
rate of 71.6% with one dose, increasing to 84.2% when a second
dose is administered. Among the variables analyzed, only the
initial beta-hCG level was significantly associated with treat-
ment failure, highlighting its role as a key prognostic factor.
Other clinical variables such as age, parity, adnexal mass size,
pelvic pain, and previous ectopic pregnancy did notinfluence
treatment outcomes, suggesting that these factors alone
should not contraindicate medical management in clinically
stable patients. Future prospective studies with larger sam-
ple sizes and standardized dosing protocols are recommend-
ed to validate these findings and further refine patient selec-
tion criteria for medical treatment.

Mendonga LP, Fonseca EC
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