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Objective: To study the risk factors for recurrent ectopic pregnancy (REP) in patients

undergoing in vitro fertilization (IVF).

Methods: This was a 1:4 matched case-control study that enrolled 227 REP patients

and 908 matched intrauterine pregnancy (IUP) patients from the assisted reproductive

technology (ART) center of the First Affiliated Hospital of Zhengzhou University from

January 2012 to November 2019. Univariate analysis was carried out between the two

groups for the occurrence of REP. Multivariate logistic regression analysis was used to

explore the risk factors of REP after IVF.

Results: The results of univariate analysis showed that there were significant differences

in previous treatment of EP, stage of embryo and the number of embryos transferred

between the two groups (all P < 0.05). The other factors did not have a significant effect

on the probability of developing REP. Multivariate logistic regression analysis showed that

after adjusting for confounders, previous treatment of EP, type of embryos transferred and

stage of embryo were related to the occurrence of REP (all P < 0.05).

Conclusion: Conservative treatment, frozen-thawed embryo transfer and cleavage

embryo transfer were independent risk factors for REP after ART treatment.

Keywords: case-control study, assisted reproductive technology, in vitro fertilization, recurrent ectopic pregnancy,

risk factors

INTRODUCTION

Ectopic pregnancy (EP) accounts for ∼2% of all pregnancies. It is a common life-threatening
emergency and an important cause of maternal morbidity and mortality, as well as fetal loss
(1–3). Although mortality due to EP has declined sharply in recent years, the incidence of EP is
still steadily rising at a global level (4, 5). As a long-term complication of EP, recurrent ectopic
pregnancy (REP) is also increasing accordingly (5), which has seriously affected the safety and
quality of life of childbearing-aged women, and its occurrence and development are related tomany
factors (6).

With the wide application of assisted reproductive technology (ART) in the field of
reproduction, it is of great clinical value to identify the risk factors of REP in infertile patients
with a history of EP. If women at risk can be identified in the early stages of ART and
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be provided with targeted treatment to protect their reproductive
ability, they may be able to avoid another occurrence of REP.
However, at present, the risk factors related to REP are unclear.
In this study, infertile patients with a history of EP were taken
as the research objects, and their fertility outcomes were tracked.
The patients with REP were taken as the experimental group,
and the intrauterine pregnancy (IUP) without REP as the control
group. Multivariate logistic regression was used to analyze the
risk factors of REP.

MATERIALS AND METHODS

Study Design and Participants
This case-control study was conducted in the ART center of the
First Affiliated Hospital of Zhengzhou University from January
2012 to November 2019. The data were extracted from the
patients’ clinical records. The selection process of the cycles is
shown in Figure 1. The inclusion criteria were as follows: (1)
a history of EP; (2) ART cycles; (3) generally good physical
and mental health (no disability, no mental disorders or mental
illness). The exclusion criteria were as follows: (1) repeated
inclusion, (2) biochemical pregnancy, (3) cycles with the embryo
transferred on days other than day 3 and 5; (4) unknown outcome
cycles; (5) PGD/PGS.

We selected patients who completed cycles that resulted in
a clinical pregnancy of either REP or IUP. We used age to
match the REP women with the IUP group. We used age as a
matching factor because previous studies have shown that age is
an important risk factor for EP (7, 8). As there are many patients
with IUP and few patients with REP, the number disparity was too
large to make full use of data, so a proportion of 1:4 was adopted.
For each REP patient, four IUP women matched for age were
chosen as the control case. The sample sizes were 227 and 908
in the REP and IUP groups, with a ratio of 1:4.

Definition of Clinical Outcomes
Biochemical pregnancy was defined as a pregnancy diagnosed
only by the detection of beta hCG in the serum or urine.
Clinical pregnancy was defined as in the fifth week after the
embryo transfer, on ultrasound, an intrauterine gestational sac
was observed with a cardiac beat. An intrauterine pregnancy
was defined as a pregnancy with one or more ultrasound-
confirmed gestational sacs in the uterus. Ectopic pregnancy
was defined as the gestational sac outside the uterine cavity as
observed by ultrasound. Heterotopic pregnancy was defined as
the coexistence of an intrauterine sac and an ectopic pregnancy.

Risk Factor Selection
Based on previously published articles, the following risk factors
were included (9, 10): age; body mass index (BMI); infertility
duration; infertility factors (tubal factor, ovulation disorders,
endometriosis, polycystic ovary syndrome, uterine dysplasia,
uterine leiomyoma, chromosome abnormalities and unexplained
infertility); gravidity; miscarriages; previous EP; treatment of last
EP; type of ART; type of embryo transferred; stage of embryo;
FET protocols; number of embryos transferred.

Treatment Protocol
Patients with fresh embryo transfer were treated with
gonadotropin releasing hormone (GnRH) agonists to prevent
a premature LH surge (11, 12), and injectable gonadotropins
were administered to stimulate follicle growth. We regularly
monitored follicle growth by transvaginal ultrasound and the
serum estradiol, progesterone and LH levels during the cycle.
When at least one follicle had a mean diameter of more than
18mm, Aizer 250 µg (Merck Serono, Italy) or hCG (Zhuhai
Lizhu Medicine) 2,000 IU was given. Ova were collected 36 h
later, and subsequent fresh embryo transfers were performed on
day 3 or 5. Progesterone (60mg) was injected intramuscularly
on the day of oocyte retrieval. Progesterone gel (Xenotong,
Merck Sherano, Switzerland) and oral dydrogesterone [10mg
[Duphaston]; Solvay Pharmaceuticals B.V., Veenendaal, The
Netherlands] were given vaginally from the day of embryo
transfer for luteal phase support.

The FET protocols in our center were mainly divided into
natural cycles and artificial cycles based on the regularity of
the menstrual cycle. For natural cycles, patients were allocated
to undergo ultrasonic evaluation starting from day 8–9 of the
menstrual cycle. The endometrial thickness and mean diameter
of the dominant follicle were examined by the same physician.
When the diameter of the dominant follicle was 16–20mm, a
blood sample was obtained to determine the progesterone and
LH levels.

Thawing and transferring were performed 3 days after
ovulation. Intramuscular (im) progesterone (40mg) starting on
the day of ovulation and oral dydrogesterone (20mg) starting on
the embryo transfer day were used for luteal support.

For artificial cycles, patients began oral estradiol [2mg
[Progynova]; Bayer, Leverkusen, Germany] twice a day on cycle
day 3. This dose was adjusted based on the endometrial thickness
every 4 days. After 12–14 days, an ultrasound was performed and
a serum progesterone level was determined. If no leading follicle
was present, progesterone (60mg im) and oral dydrogesterone
[10mg [this dose was changed to 20mg 2 days later]] would
be added to the regimen. Embryo transfer was performed 3
days later.

All of the patients were followed up and hCG
biochemical pregnancy tests were performed 2 weeks
after the embryo transfer procedure. When the serum
hCG was >50 IU/L, the luteal support was continued.
Transvaginal ultrasound was performed 5 weeks after
embryo transfer.

Statistical Analysis
SPSS21.0 software was used for the statistical analysis. The
general data of the patients were primarily expressed as %;
only BMI and infertility duration were expressed by mean ±

standard deviation (x ± s). Differences in BMI and infertility
duration were analyzed using t-tests. Grouping variables were
analyzed with chi-square tests. To explore the risk factors of REP,
a multivariable logistic regression analysis was used to adjust for
potential confounders and to calculate the adjusted odds ratio
(AOR). The statistical significance was established at P < 0.05.
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FIGURE 1 | Cycles selection flowchart. *In the case of multiple cycles of clinical pregnancy after ART, bring into the first cycle.
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TABLE 1 | Univariate analysis of risk factors related to basic characteristics of

patients.

Variables IUP, n (%) REP, n (%) χ²/t P-value

Total 908 227

Age 0.000 1.000

<30 424 (80) 106 (20)

30–35 380 (80) 95 (20)

>35 104 (80) 26 (20)

Body mass index

(kg/m2 )

22.75 ± 3.06 22.66 ± 2.91 0.420 0.675

Infertility duration (years) 2.65 ± 2.51 2.52 ± 2.16 0.756 0.450

Infertility factors 4.747 0.093

Tubal factor 645 (81.23) 149 (18.77)

Compound factors* 199 (75.38) 65 (24.62)

Others** 64 (83.12) 13 (16.88)

Gravidity 1.780 0.411

1 323 (78.78) 87 (21.22)

2 304 (79.17) 80 (20.83)

≥3 281 (82.40) 60 (17.60)

Miscarriages 1.704 0.427

0 511 (80.09) 127 (19.91)

1 242 (78.06) 68 (21.94)

≥2 155 (82.89) 32 (17.11)

Previous EP 3.485 0.062

1 618 (78.53) 169 (21.47)

≥2 290 (83.33) 58 (16.67)

Treatment of last EP 6.883 0.032

Salpingectomy 443 (83.27) 89 (16.73)

Conservative

operation

391 (77.43) 114 (22.57)

Methotrexate 74 (75.51) 24 (24.49)

* Including tubal factor.
** Including ovulation disorders, endometriosis, polycystic ovary syndrome, uterine

dysplasia, uterine leiomyoma, chromosome abnormalities, and unexplained infertility.

RESULTS

Basic Characteristics of the Patients and a
History of EP
A total of 1,135 patients, including 227 REP patients and 908
matched IUP patients, were enrolled in this research. In the
REP group, 69% had only one previous episode of EP, while
31% of patients had a history of ≥ 2 ectopic pregnancies. The
basic characteristics of the two groups are shown in Table 1.
On account of the matching criteria used in our study, there
was no significant difference in age between the groups. At the
same time, there were no differences in BMI, infertility duration,
infertility factors, gravidity, miscarriages or previous EP (all P >

0.05). It is worth noting that there was a significant difference in
previous treatments for EP between the two groups (P < 0.05).

Risk Factors Associated With ART Cycles
A total of 661 fresh embryo transfer cycles and 474 frozen-thawed
embryo transfer (FET) cycles were included as shown in Table 2.

TABLE 2 | Univariate analysis of risk factors associated with fresh and frozen

cycles.

Variables IUP, n (%) REP, n (%) χ² P-value

Total 908 227

Type of ART 0.063 0.802

IVF 821 (80.10) 204 (19.90)

ICSI 87 (79.09) 23 (20.91)

Type of transfer 3.370 0.066

Fresh embryo 541 (81.85) 120 (18.15)

Thawed embryo 367 (77.43) 107 (22.57)

Stage of embryo 29.013 0.000

Cleavage stage 641 (76.22) 200 (23.78)

Blastocyst stage 267 (90.82) 27 (9.18)

FET protocols 0.026 0.872

Natural cycle 130 (77.84) 37 (22.16)

Artificial cycle 237 (77.20) 70 (22.80)

No. of embryos

transferred

16.933 0.000

1 200 (89.29) 24 (10.71)

2 640 (78.34) 177 (21.66)

3 68 (72.34) 26 (27.66)

The REP rate of fresh embryo transfer was lower than that of the
FET, although there was no significant difference between the two
groups. Moreover, the type of ART and FET protocols showed
no significant correlation with the probability of developing REP
(P > 0.05). Compared with IUP, the frequency of REP in the
cleavage stage was higher, while the frequency of REP in the
blastocyst stage was lower. The outcome of ART also depended
on the number of embryos transferred. REP was more likely to
occur when two or more embryos were transferred in each cycle.

Multivariable Analysis of Risk Factors for
REP
To evaluate the effect of these risk factors on the occurrence
of REP after IVF, we included infertility factors, previous EP,
previous treatment of EP, type of embryo transferred, stage of the
embryo and the number of embryos transferred for multivariate
logistic regression analysis, as shown in Table 3. In women with a
history of EP, the infertility factors, previous EP, and the number
of embryos transferred (all P > 0.05) had no correlation with
the occurrence of REP. Compared with salpingectomy, prior
treatment of EP with a conservative operation (AOR = 1.484,
95% CI = 1.078–2.042) and methotrexate (AOR = 1.729, 95%
CI = 1.007–2.967) increased the risk of REP. In addition, the
risk of REP in fresh embryo transfer cycles was lower than that
in FET cycles (AOR = 1.651, 95% CI = 1.203–2.265). Moreover,
blastocyst transfer (AOR = 0.275, 95% CI = 0.158–0.479) also
had a lower incidence of REP than cleavage transfer.

DISCUSSION

Ectopic pregnancy (EP) is a common cause of acute abdomen in
obstetrics and gynecology, and it is also one of the important
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TABLE 3 | Risk factors associated with REP by logistic regression analysis.

Factor Adjusted OR (95% CI) P-value

Infertility factors

Tubal factor REF

Compound factors 1.320 (0.936–1.861) 0.113

Others 0.730 (0.378–1.412) 0.350

Previous EP

1 REF

≥2 0.738 (0.525–1.037) 0.080

Treatment of last EP

Salpingectomy REF

Conservative operation 1.484 (1.078–2.042) 0.015

Methotrexate 1.729 (1.007–2.967) 0.047

Type of transfer

Fresh embryo REF

Thawed embryo 1.651 (1.203–2.265) 0.002

Stage of embryo

Cleavage stage REF

Blastocyst stage 0.275 (0.158–0.479) 0.000

No. of embryos transferred

1 REF

2 0.981 (0.551–1.746) 0.947

3 1.115 (0.527–2.360) 0.775

Included variables: infertility factors, previous EP, previous treatment of EP, type of embryo

transferred, stage of the embryo, and the number of embryos transferred.

OR, odds ratio; CI, confidence interval; REF, reference.

causes of maternal death. While ART meets people’s fertility
needs, it has a risk of EP, which can easily increase the incidence of
REP (13, 14). Therefore, researchers are committed to exploring
the risk factors and methods of preventing EP during ART
treatment cycles.

Previous History of EP and REP
According to the statistics, the recurrence rate of EP ranges
from 10 to 27% in the general population (5). Patients with a
previous history of EP are at a higher risk of REP (15): about
a third of patients would develop EP again after the first EP.
The main risk factor for EP is fallopian tube damage. Patients
with a previous history of pelvic infection, especially those who
underwent a conservative operation or tubal microsurgery for
a tubal pregnancy, have a higher incidence of EP after assisted
pregnancy (16, 17). The subjects in this study were all patients
with a history of EP. The recurrence rate of EP in patients
undergoing ART and its correlation with previous treatments of
EP were investigated in this study.

The management of EP includes expectant behavior,
conservative drug treatment (methotrexate) and surgical
treatment. Surgical treatment could be divided into conservative
operations and radical resection. No matter what kind
of treatment is used in patients with EP, the pathological
changes of the fallopian tubes might persist, or the fallopian
tubes on the affected side might adhere again, resulting in
secondary infertility.

When applying general drug conservative treatment, drugs
are used to interfere with the synthesis of DNA and RNA

of the embryonic cells, making it difficult for them to grow
and stopping the development of the embryo, but the damage
the pregnancy products inflict on the fallopian tubes and any
subsequent tubal inflammation cannot be effectively removed.
Zhang Anhong (18) found that among 156 patients with tubal
pregnancy, the recurrence rate of tubal pregnancy in the drug
conservative treatment group (16.67%) was significantly higher
than that in the diseased side salpingectomy group (6.94%). Our
research came to a similar conclusion, that previous treatment of
EP with methotrexate (24.49%) increased the risk of REP after
ART treatment compared with salpingectomy (16.73%).

The surgical treatment of tubal pregnancy includes
tubal sparing focus clearance (conservative operation) and
salpingectomy on the affected side. Some studies have suggested
that previous treatment of EP with a conservative operation had
a comparable risk of REP as salpingectomy (19, 20). The results
of this study showed that comparing with salpingectomy, the
risk of REP after a conservative operation was increased. Some
previous reports are consistent with our findings (21, 22). In
addition, our data also showed that there was no correlation
between REP and the number of previous EPs. In contrast, a
previous study reported that the risk of REP was increased with
a history of a higher number of previous EPs (23).

ART Cycles and REP
Many previous studies have evaluated the incidence of EP after
ART, but there have been few reports on a specific population
with a history of EP. Additionally, it was not clear whether there
was a difference in the recurrence rate of EP between fresh and
frozen cycles. The subjects of this research were all patients with
a history of EP. The results showed that the risk of REP in fresh
cycles was lower than that in frozen cycles. Pan Le Le’s research
results showed that the recurrence rate of EP in fresh cycles
was 4.99%, which was lower than that of frozen cycles (11.03%),
and the difference was statistically significant (24). This was
consistent with the results of our study. In the current research,
we did not find that different types of ART were related to REP,
and the effect of IVF/ICSI on the recurrence of EP still needs to
be determined by further research.

Although the effects of blastocyst embryo vs. cleavage embryo
transfer on the incidence of EP remain controversial, most
studies have shown that blastocyst embryo transfer is beneficial
for reducing the incidence of EP (25, 26). This research also
supported this view. Blastocyst culture is helpful to screen for
embryos with good developmental potential and to improve the
embryo implantation rate. Moreover, compared with cleavage
embryos, the intrauterine transfer of blastocysts is closer to the
physiological state, and the development of the endometrium and
embryos tends to be synchronized, which shortens the interval
between further development and implantation after the embryo
is transferred into the uterine cavity. At the same time, due
to the increased progesterone level in the body, inhibition of
uterine myometrium contractions could reduce the chance of
embryo migration and is more conducive to implantation. In
addition, the blastocyst volume is larger, compared with cleavage
embryos, making it more difficult for it to migrate to the fallopian
tube (27, 28).
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As for the number of embryos transferred, theoretically, the
incidence of EP would increase with an increased number of
transferred embryos, and some studies such as Perkins et al.
(29) have come to a similar conclusion. However, the results
of some previous researchers mentioned that more than one
transfer could not be considered a risk factor for EP (9, 30). The
data from our study also indicated that there was no significant
difference in the recurrence of EP with different numbers of
transferred embryos.

Strengths and Limitations
The main strength of our study was that we are the first to
investigate the risk factors of REP after ART in patients with a
history of EP. In addition, this was an original study. However,
our study also had several limitations due to its retrospective
design and a single medical center. In addition, this research is
only a preliminary discussion, due to the small sample size and
collection time, and there is an inevitable bias. It is necessary
to expand the sample size for further research. Therefore, the
conclusions needed to be interpreted carefully.

In summary, conservative treatment, FET and cleavage
embryo transfer were independent risk factors for REP after
ART treatment. Patients with conservative treatment should be
on guard against the occurrence of REP. This suggests that
salpingectomy on the affected side should be selected when there
is a surgical indication for an EP. In addition, during the course of
ART treatment, fresh cycles or blastocyst embryo transfer should
be selectively performed for populations at high risk of REP.
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