
Acta Obstet Gynecol Scand. 2022;101:779–786.    | 779wileyonlinelibrary.com/journal/aogs

Received: 13 January 2022  | Revised: 14 April 2022  | Accepted: 15 April 2022

DOI: 10.1111/aogs.14375  

O R I G I N A L  R E S E A R C H  A R T I C L E

Top- quality embryo transfer is associated with lower odds of 
ectopic pregnancy

Simona Anzhel1,2 |   Sirpa Mäkinen3 |   Helena Tinkanen4 |   Tiina Mikkilä5 |    
Anni Haltia6 |   Antti Perheentupa7 |   Candido Tomás8 |   Hannu Martikainen9 |   
Aila Tiitinen1 |   Juha S. Tapanainen1,9 |   Zdravka Veleva1

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. Acta Obstetricia et Gynecologica Scandinavica published by John Wiley & Sons Ltd on behalf of Nordic Federation of Societies of 
Obstetrics and Gynecology (NFOG).

Abbreviations: CAIC, consistent Akaike information criterion; CI, confidence interval; EP, ectopic pregnancy; FET, frozen embryo transfer; ICSI, intracytoplasmic sperm injection; IVF, in 
vitro fertilization; OR, odds ratio.

1Department of Obstetrics and 
Gynecology, University of Helsinki and 
Helsinki University Central Hospital, 
Helsinki, Finland
2Department of Obstetrics and 
Gynecology, Medical University Varna, 
Varna, Bulgaria
3Ovumia Fertinova Infertility Clinics 
Helsinki, Helsinki, Finland
4Department of Obstetrics and Gynecology, 
University of Tampere, Tampere, Finland
5Fimlab Laboratory Tampere, Tampere, 
Finland
6Felicitas Mehiläinen Turku, Turku, Finland
7Department of Obstetrics and 
Gynecology, University of Turku and Turku 
University Hospital, Turku, Finland
8Ovumia Fertinova Infertility Clinics 
Tampere, Tampere, Finland
9Department of Obstetrics and 
Gynecology, University of Oulu and Oulu 
University Hospital, Medical Research 
Center, PEDEGO Research Unit, Oulu, 
Finland

Correspondence
Zdravka Veleva, Department of Obstetrics 
and Gynecology, Helsinki University and 
Helsinki University Central Hospital, PO 
Box 140, 00029 HUS, Helsinki, Finland.
Email: zdravka.veleva@helsinki.fi

Funding information
This study was funded by grants from the 
Academy of Finland, the Sigrid Jusélius 
Foundation, the Helsinki University 
Hospital Research Fund (to JST) and the 
Finnish Medical Foundation (to ZV).

Abstract
Introduction: The incidence of ectopic pregnancy is up to four times higher after in 
vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI) than in spontaneous 
pregnancies, and the risk of ectopic pregnancy is increased by tubal factor infertility 
and the transfer of multiple embryos. However, the effect of embryo quality on the 
probability of ectopic pregnancy has not been investigated until now and it is not clear 
whether ovarian stimulation parameters affect the incidence of ectopic pregnancy.
Material and Methods: An historical cohort study of 15 006 clinical pregnancies (di-
agnosed by ultrasound at 6– 8 gestational weeks) after non- donor IVF/ICSI with fresh 
embryo transfer (n = 8952) or frozen– thawed embryo transfer (n = 6054). Treatments 
were performed during 2000– 2017 in Finland. A total of 9207 (61.4%) single and 5799 
(38.6%) double embryo transfers of no more than one top- quality embryo were evalu-
ated. We analyzed the effects of multiple factors on ectopic pregnancy by logistic 
regression, including type of cycle (fresh vs frozen embryo transfer), female age, num-
ber and quality of embryos transferred, tubal factor infertility and factors of ovarian 
response to gonadotropin stimulation.
Results: Ectopic pregnancy was observed in 2.3% of cycles. There was no significant 
difference in ectopic pregnancy rate after fresh embryo transfer and frozen embryo 
transfer (2.2% vs 2.4%, p = 0.3). The ectopic pregnancy rate was lower in cycles with 
top- quality embryo transfer (1.9%) than of those where only non- top quality embryos 
were transferred (2.7%, p < 0.0001). Tubal factor infertility was diagnosed more often 
in ectopic pregnancy than in intrauterine pregnancies (21.2% vs 11.0%, p < 0.0001). 
Logistic regression revealed lower odds for ectopic pregnancy after a top- quality em-
bryo transfer than after transfer of a non- top quality embryo (odds ratio [OR] 0.72, 
95% confidence interval [CI] 0.56– 0.92, p = 0.007). Transfer of two vs one embryo 
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1  |  INTRODUC TION

Ectopic pregnancy (EP) is a potentially life- threatening condition. 
Despite significant improvement in assisted reproduction tech-
niques over the last decades, the rate of EP in assisted reproduc-
tion techniques varies from 1.4% to 8.6%.1– 4 This is up to four times 
higher than the prevalence after spontaneous conception.1

The risk of EP is increased in women with tubal infertility,4– 6 and 
only a few studies have evaluated other in vitro fertilization/intracy-
toplasmic sperm injection (IVF/ICSI) factors such as female age and 
type of embryo transfer (fresh or FET), with conflicting results.1,4,7,8 
The transfer of more than two embryos has been shown to increase 
the possibility of EP by 1.6%– 2.2% for each additional embryo trans-
ferred.4 However, the impact of embryo quality on EP has not previ-
ously been analyzed.

The associations between factors related to ovarian response to 
gonadotropin stimulation and EP rate is also largely unknown. Low 
ovarian reserve (anti- Müllerian hormone <1.0 ng/dL or basal follicle- 
stimulating hormone >10 mIU/ml) may be related to an increased 
risk of EP in IVF cycles,9 but the impact of the number of oocytes 
retrieved relative to gonadotropin dose used for stimulation has not 
been evaluated before.

The aim of the present study was to find out which patient and 
treatment characteristics are associated with EP. We were particu-
larly interested in the effects of factors related to ovarian response 
and embryo quality.

2  |  MATERIAL AND METHODS

We analyzed data on 15 006 pregnancies after IVF/ICSI with 8952 
fresh or 6054 FET cycles during 2000– 2017 in Finland. Data were 
extracted from the LUMI database, a collaborative research da-
tabase of 10 Finnish IVF clinics. All cycles had IVF/ICSI with the 
couple's own gametes and transfer of ≤2 embryos, of which no 
more than one with top- quality morphology. None of the treat-
ments analyzed had preimplantation genetic diagnosis, assisted 
hatching or oocyte in vitro maturation. FET cycles were matched 
with the stimulation cycles from which the embryo(s) originated, 

after which the number of oocytes retrieved, total gonadotropin 
dose and total number of top- quality embryos were recorded 
into FET cycle data. After this, cycle matching identifiers were 
destroyed to have a fully anonymized dataset. We assumed that 
ovarian response factors should be evaluated simultaneously in 
fresh and FET cycles in order to separate ovarian function from 
endometrial receptivity in fresh and in FET cycles. Details of 
ovarian stimulation and FET have been described previously.10,11 
Ovarian response was defined as total gonadotropin dose per oo-
cyte retrieved (dose/oocyte) because of the existing ambiguity in 
the definition of ovarian sensitivity index (calculated as number 
of oocytes × 1000/total gonadotropin dose in its initial study).12,13 
Embryo quality was graded as reported previously.14– 17 Briefly, a 
top- quality cleavage- stage embryo was defined as having four to 
five cells and <20% fragmentation when cultured for 2 days, or ≥8 
cells and <20% fragmentation when cultured for 3 days, equal- 
sized blastomeres and no multinuclearity. Blastocysts were graded 
according to Gardner's criteria.15 The presence of tubal factor in-
fertility before IVF/ICSI, a well- known risk factor for EP,1,5,6 was 
also extracted for analysis from the database. During the study 
period, tubal factor infertility was most frequently diagnosed by 
sonohysterography, which is the method of choice in Finland as 
well as elsewhere in the Nordic countries. Other diagnostic criteria 
were also applied: tubal occlusion at laparoscopic chromopertuba-
tion or a history of pelvic inflammatory disease, previous EP and/
or salpingectomy.

Patients with a positive pregnancy test (urinary or serum hCG 
test according to local clinic protocol) were examined by transvagi-
nal ultrasound at 6– 8 gestational weeks. The present study analyzed 
only clinical pregnancies in which transvaginal ultrasound revealed 
an intrauterine gestational sac with positive heartbeat (intrauterine 

(OR 1.35, 95% CI 1.05– 1.70, p = 0.02) and tubal factor infertility (OR 2.21, 95% CI 
1.68– 2.91, p < 0.0001) significantly increased the risk of ectopic pregnancy.
Conclusions: Transfer of non- top quality embryos is associated with a higher rate of 
ectopic pregnancy. This is particularly important to keep in mind in treatments with 
only non- top embryos available even in the absence of tubal factor infertility. To mini-
mize the risk of ectopic pregnancy, the number of embryos transferred should be as 
low as possible.

K E Y W O R D S

ectopic pregnancy, embryo quality, frozen embryo transfer, IVF/ICSI, single embryo transfer

Key message

The odds for ectopic pregnancy are reduced when trans-
ferring a single, top- quality embryo. Transfer of several 
non- top quality embryos should be avoided in patients 
with tubal factor infertility whenever possible.
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pregnancies)10 or a gestational sac in an ectopic location. In cases of 
unclear pregnancy location during the first ultrasound examination, 
the patient was followed up for an additional 1– 2 weeks, after which 
an additional ultrasound examination was performed using the 
same clinical pregnancy criteria. Cycles without a confirmed clini-
cal pregnancy diagnosis were not considered clinical pregnancies 
and therefore were not included when extracting data. Heterotopic 
pregnancies were classified as ectopic at the time of data extraction.

2.1  |  Statistical analyses

Stimulation and embryo characteristics of cycles with EP were com-
pared with those of the women with an intrauterine clinical preg-
nancy after IVF/ICSI. Presence of tubal factor infertility was analyzed 
in addition to number of oocytes retrieved, total gonadotropin dose 
used for stimulation, dose/oocyte, female age as well as body mass 
index during treatment. We also analyzed the number and quality 
of embryos transferred, as well as the day of transfer. Data were 
analyzed with unpaired t- test (continuous variables) or chi- square 
analysis (categorical variables). Univariate logistic regression for fac-
tors associated with EP at ultrasonographic diagnosis of pregnancy 
was performed for each of the tested variables. After this, the fac-
tors having a significant association with EP were included in a mul-
tivariate logistic regression model. As the dataset was completely 
anonymized, we could not access how many patients had had more 
than one pregnancy. The fit of the logistic regression model was 

evaluated with the Hosmer– Lemeshow test. As means of a sensi-
tivity analysis, we investigated the interaction between the number 
and the quality of embryos transferred. The fits of the final model 
and of an “interaction model” featuring the interaction term were 
compared using the consistent Akaike information criterion (CAIC). 
The model with the better fit has lower CAIC. We also performed a 
subanalysis for the associations between ovarian stimulation factors 
and embryo quality specifically in EP and live birth cycles. Analyses 
were performed with IBM SPSS (Statistical Package for the Social 
Sciences) software, version 25. A value of p < 0.05 was taken as the 
limit of significance.

2.2  |  Ethical approval

An Institutional Review Board approval was not required in Finland 
for this retrospective study.

3  |  RESULTS

Of the 15 006 pregnancies analyzed, 8952 (59.7%) were detected 
after a fresh embryo transfer and 6054 (40.3%) after FET (Figure 1). 
EP was diagnosed in 343 (2.3%) cycles. In all other cases, an intrau-
terine pregnancy was verified. The outcome of intrauterine preg-
nancies was a live birth in 10 757 (68.0%) cycles. There were 3906 
(24.7%) spontaneous abortions before the 12th gestational week, 

F I G U R E  1  Study design. ET, embryo transfer; FET, frozen– thawed embryo transfer
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335 (2.2%) pregnancies that ended with either spontaneous intrau-
terine death at a higher gestational age or with an induced abortion, 
and 354 (2.3%) ongoing intrauterine pregnancies beyond the 12th 
gestational week at the time of data extraction. No cycles had miss-
ing data.

There was no significant difference in EP rate after the transfer 
of fresh or cryopreserved embryos (195/8952, 2.2% vs 148/6054, 
2.4%, p = 0.3) (Table 1). Cycles with and without EP were character-
ized by comparable age and similar stimulation gonadotropin doses. 
The incidence of tubal factor infertility in cases with EP was two 
times higher in fresh (42/195, 21.5% vs 922/8757, 10.5%, p < 0.0001) 
and FET cycles (31/148, 20.9% vs 687/5906, 11.6%, p < 0.0001). 
Women with EP in both fresh and FET cycles also had a higher num-
ber of oocytes collected after stimulation. However, there was no 
significant difference in gonadotropin dose/oocyte between EP and 
control groups.

The percentage of double embryo transfer was higher in cycles 
with EP, compared with cycles with an intrauterine pregnancy after 
a fresh transfer (93/195, 47.7% vs 3095/8757, 35.3%, p < 0.0001). 
However, fewer top- quality embryos were transferred in cycles 
with EP (0.6 ± 0.7 vs 0.7 ± 0.6, p = 0.04). Such differences were 
not observed in the FET cycles but overall, compared with treat-
ments in which a top- quality embryo was transferred (132/7566, 
1.7%), The EP rate in cycles with only non- top quality embryos was 

higher (206/7440, 2.8%, p < 0.0001). Neither in the fresh nor FET 
cycles was a significant difference in EP observed in the groups with 
cleavage- stage, day 4 and blastocyst transfers. When comparing 
fresh and FET groups by day of transfer, there was no significant 
difference in cleavage- stage (p = 0.1), day 4 (p = 0.8) or blastocyst 
transfer (p = 0.9).

In univariate logistic regression, presence of tubal factor in-
fertility (odds ratio [OR] 2.54, 95% confidence interval [CI] 1.77– 
3.64, p < 0.0001) and transfer of two embryos compared with one 
(OR 1.52, 95% CI 1.21– 1.91, p < 0.0001) increased the odds for EP 
(Table 2). The transfer of a top- quality embryo was associated with a 
lower risk of EP (OR 0.70, 95% CI 0.53– 0.84, p = 0.001). Age, ovarian 
response, the day of transfer and whether the transfer was fresh or 
FET did not have independent associations with EP.

In multivariate analysis, tubal factor infertility (OR 2.21, 95% 
CI 1.68– 2.91, p < 0.0001) and transfer of two embryos (OR 1.35, 
95% CI 1.05– 1.70, p = 0.02) were associated with higher odds of 
EP (Table 3). The transfer of a top- quality embryo decreased the 
risk of EP (OR 0.72, 95% CI 0.56– 0.92, p = 0.007). There was only 
a weak correlation between the number of embryos transferred 
and the transfer of a top- quality embryo (correlation coefficient 
−0.30). Analysis for interactions also revealed a lack of interaction 
between these two variables (p = 0.1). Results from the multivari-
ate subanalysis of EP and intrauterine pregnancies resulting in live 

TA B L E  1  Background and treatment characteristics of cycles with and without ectopic pregnancy after IVF/ICSI with fresh or frozen– 
thawed embryo transfer (FET)

Fresh cycles FET cycles

Intrauterine 
pregnancy

Extrauterine 
pregnancy p- value

Intrauterine 
pregnancy

Extrauterine 
pregnancy p- value

Number of cases 8757 (97.8%) 195 (2.2%) – 5906 (97.6%) 148 (2.4%) – 

Age, years 33.1 ± 4.4 33.5 ± 3.4 0.3 33.6 ± 4.3 33.7 ± 4.2 0.7

BMI, kg/m2 23.8 ± 4.0 23.7 ± 3.7 0.8 23.6 ± 3.9 24.4 ± 3.7 0.03

Presence of tubal factor infertilitya 922 (10.5%) 42 (21.5%) <0.0001 687 (11.6%) 31 (20.9%) <0.0001

Total gonadotropin dose, IU 2003.3 ± 988.4 1982.3 ± 864.9 0.8 1936.3 ± 974.5 1995.9 ± 868.0 1.0

Number of oocytes retrieved 11.5 ± 6.6 12.5 ± 6.6 0.03 11.7 ± 6.9 12.5 ± 6.6 0.02

Total gonadotropin dose/oocyte, IU/
oocyte

286.4 ± 373.5 241.5 ± 253.9 0.1 272.2 ± 363.5 241.5 ± 253.9 0.1

Total number of top- quality embryos 0.7 ± 0.6 0.6 ± 0.7 0.1 0.3 ± 0.5 0.3 ± 0.5 0.4

Number of embryos transferred 1.3 ± 0.5 1.5 ± 0.5 <0.0001 1.4 ± 0.5 1.5 ± 0.5 0.1

Number of top- quality embryos 
transferred

0.7 ± 0.6 0.6 ± 0.7 0.1 0.4 ± 0.5 0.3 ± 0.5 0.4

Number of cycles witha

Single embryo transfer 5662 (64.7%) 102 (52.3%) <0.0001 3366 (59.7%) 77 (52.0%) 0.3

Double embryo transfer 3095 (35.3%) 93 (47.6%) 2540 (40.3%) 71 (48.0%)

Day of transfera

Day 2/3 8230 (93.9%) 187 (95.9%) 0.5 4917 (83.3%) 133 (89.9%) 0.09

Day 4 181 (2.1%) 2 (1.0%) 532 (9.0%) 7 (4.7%)

Day 5/6 346 (4.0%) 6 (3.1%) 457 (7.7%) 8 (5.4%)

Note: Unless otherwise indicated, data are presented as mean + SD, and p- values are calculated using an unpaired t- test.
ap- values were calculated using chi- square analysis.
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birth are shown in Table 4. The number of embryos transferred, 
embryo quality and presence of tubal factor infertility were the 
only factors with independent effects on the odds for EP com-
pared with live birth, and odds ratios were similar to those in the 
main analysis. None of the characteristics of ovarian stimulation 
examined, ie number of oocytes retrieved, total gonadotropin 
dose, dose/oocyte or type of cycle (fresh vs FET), was associated 
with the type of outcome.

4  |  DISCUSSION

This study showed that in IVF/ICSI, the transfer of a top- quality em-
bryo is associated with the lowest risk of EP after transfer of fresh 
or frozen embryos, compared with the transfer of a non- top quality 
embryo. Transfer of two embryos regardless of embryo morphology, 

and presence of tubal factor infertility are associated with increased 
odds for EP.

The overall EP rate in our study was 2.3%, which is in agree-
ment with prevalences reported earlier in IVF/ICSI pregnancies1,7,8 
and is similar to that in spontaneous pregnancies (2%).18 Due to the 
fact that previous studies have investigated a variety of settings and 
study populations, EP rates after IVF/ICSI have varied significantly, 
from 1.6% in a study of 550 000 fresh non- donor cycles4 to 5.4% in 
IVF pregnancies of poor prognosis patients.19

The present study found an association between top- quality 
embryo morphology and a decreased risk of EP. Previously, a large 
register study evaluated embryo implantation potential, defined as 
blastocyst culture and presence of extra embryos for cryopreserva-
tion, as part of several embryo transfer alternatives.7 The analysis 
showed that transfer of ≤2 embryos with high implantation poten-
tial was associated with lower odds of EP (OR 0.55) compared with 
the transfer of >2 cleavage- stage embryos with no additional fro-
zen embryos.7 It has also been shown that transfer of >1 embryo 
increases the odds of EP to 1.30 after double embryo transfer and 
to 1.70 when >3 embryos are transferred.4,20 In the present study, 
embryo quality was evaluated independently of the number of em-
bryos transferred in both fresh and FET cycles. These observations 
indicate that the risk of EP can be minimized by transferring only one 
top- quality embryo and that transfer of several non- top quality em-
bryos compromises the outcome. In cases with only non- top quality 
embryos available, patients and providers need to be aware of the 
higher risk for EP after transfer of more than one embryo.

The present analysis aimed to examine not only embryo quality 
but also factors of ovarian stimulation in cycles with EP. However, 
the main analysis did not find any independent effect of ovarian 
stimulation factors on EP. A strength of the present study is the 
evaluation of oocyte- related factors simultaneously in the fresh 
and in the FET cycles. This separates the possible effect of oocyte- 
related factors from the effect of the endometrial milieu, which is 
believed to be different in fresh and in FET cycles.21 Previously, 
the association between the number of oocytes retrieved and the 
odds for EP has not been clear. A retrospective analysis of 109 000 
clinical pregnancies from the Society for Assisted Reproductive 
Technology registry observed a weak positive correlation be-
tween the frequency of EP and the number of oocytes retrieved in 
autologous fresh cycles,22 but another analysis of 69 000 clinical 
pregnancies after autologous IVF/ICSI with fresh transfer in Japan 
found no such association.23 Embryo quality was, however, not 
evaluated in these studies.

There are indications that ovarian stimulation itself might be as-
sociated with a higher frequency of EP. In the Japanese analysis,23 
EP rate after ovarian stimulation was compared with the rate after 
spontaneous cycle IVF/ICSI and was found to increase the odds of 
EP by 3.5– 5.2. Recently, several studies have shown that Fallopian 
tube epithelium is sensitive to circulating hormonal levels through 
changes in the expression of steroid receptors24 that affect Fallopian 
epithelial cilia movements.25,26 In light of these findings, Jwa and col-
leagues have speculated that the higher hormonal levels associated 

TA B L E  2  Univariate logistic regression of factors affecting 
ectopic pregnancy after IVF/ICSI with fresh or frozen– thawed 
embryo transfer (FET)

Study population:
14 663 intrauterine 
pregnancies
343 ectopic pregnancies p- value OR 95% CI

FET vs fresh transfer 0.3 1.16 0.87– 1.56

Age, years 0.8 1.01 0.97– 1.04

BMI, kg/m2 0.2 1.03 0.99– 1.07

Tubal factor infertility vs no 
tubal factor

<0.0001 2.54 1.77– 3.64

Total gonadotropin dose, per 
100 IU

<0.0001 0.989 0.974– 
0.999

Number of oocytes retrieved 0.3 1.01 0.94– 1.02

Total gonadotropin dose 
per oocyte retrieved, 
IU/oocyte (continuous 
variable)

0.2 1.00 0.99– 1.00

Total gonadotropin dose per oocyte retrieved

<100 IU/oocyte Ref. 1

100– 200 IU/oocyte 0.7 0.95 0.70– 1.29

200– 300 IU/oocyte 0.4 0.85 0.57– 1.28

300– 400 IU/oocyte 0.4 0.75 0.42– 1.32

>400 IU/oocyte 0.4 0.84 0.56– 1.26

Total number of top- quality 
embryos

0.4 0.97 0.90– 1.03

Number of embryos transferred

2 vs 1 <0.0001 1.52 1.21– 1.91

Transfer of a single top- 
quality embryo vs  
non- top quality embryo 
transfer

0.001 0.70 0.53– 0.84

Day of transfer

Day 4 vs Day 2/3 0.07 0.54 0.28– 1.06

Day 5/6 vs Day 2/3 0.3 0.75 0.44– 1.29
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with ovarian stimulation for IVF/ICSI are disruptive for the function 
of the Fallopian tube.23 However, evidence from the present analysis 
reveals that there is no gonadotropin dose- dependent effect on EP 
after adjusting for embryo quality and after inclusion of FET cycles 
into the analysis. This suggests that ovarian stimulation might have a 
threshold effect in the fresh cycles.

The high proportion of EP in cycles with tubal factor infertility in 
the present study highlights the well- known fact that women with a 
history of Fallopian tube damage (pelvic inflammatory disease, tubal 
surgery or previous EP) are at increased risk for EP following both 

spontaneous conception and IVF/ICSI.6,20 Moreover, our analysis 
on embryo quality also suggests that tubal epithelium, particularly 
a damaged one, might not be as sensitive to embryo quality factors 
as endometrium and could thus be more receptive to non- top qual-
ity embryos. An investigation of implantation rates would be better 
suited to test this theory.

Our study showed that the type of transfer, fresh or FET, had 
no effect on EP. This finding is consistent with the results from 
previous, smaller analyses2,3 but contradicts the conclusions of 
larger studies, which found decreased odds for EP after FET.8 

Study population:
15 006 pregnancies total
14 663 intrauterine pregnancies
343 ectopic pregnancies
Tubal factor infertility: 1682 pregnancies in total, 73 
ectopic pregnancies
No tubal factor infertility: 13 324 pregnancies in total, 270 
ectopic pregnancies
Transfer of 1 embryo: 9207 pregnancies in total, 179 
ectopic pregnancies
Transfer of 2 embryos: 5799 pregnancies in total, 164 
ectopic pregnancies
Transfer of 1 top- quality embryo: 7566 pregnancies in 
total, 132 ectopic pregnancies
Transfer of non- top quality embryo(s): 7440 pregnancies in 
total, 206 ectopic pregnancies p- value OR 95% CI

Tubal factor vs no tubal factor infertility <0.0001 2.21 1.68– 2.91

2 vs 1 embryos transferred 0.02 1.35 1.05– 1.70

Transfer of a top- quality embryo vs non- top quality 
embryo(s)

0.007 0.72 0.56– 0.92

Note: A model with an interaction variable (number of embryos transferred × number of top- 
quality embryos transferred) was associated with poorer fit, as determined by the consistent 
Akaike information criterion (CAIC): CAIC interaction 96.74 vs CAIC main effects 89.66. The 
interaction variable had no significant effect on ectopic pregnancy (OR 0.71, 95% CI 0.47– 1.07, 
p- value 0.1).

TA B L E  3  Multivariate logistic 
regression analysis of factors 
associated with ectopic pregnancy at 
ultrasonographic diagnosis of pregnancy 
after IVF/ICSI with fresh or frozen– 
thawed embryo transfer

Study population:
10 757 live births
343 ectopic pregnancies
Tubal factor infertility: 1146 pregnancies in total, 310 
ectopic pregnancies
No tubal factor infertility: 9954 pregnancies in total, 
246 ectopic pregnancies
Transfer of 1 embryo: 7569 pregnancies in total, 182 
ectopic pregnancies
Transfer of 2 embryos: 3531 pregnancies in total, 129 
ectopic pregnancies
Transfer of 1 top- quality embryo: 5728 pregnancies 
in total, 121 ectopic pregnancies
Transfer of no top- quality embryo(s): 5372 
pregnancies in total, 189 ectopic pregnancies

Ectopic pregnancy compared with 
live birth

p- value ORa 95% CIa

Tubal factor vs no tubal factor infertility <0.0001 2.19 1.66– 2.89

2 vs 1 embryos transferred 0.04 1.29 1.02– 1.64

Transfer of a top- quality embryo vs non- top quality 
embryo(s)

<0.0001 0.67 0.53– 0.86

aOR and 95% CI for ectopic pregnancy.

TA B L E  4  Multivariate logistic 
regression of factors associated with 
ectopic pregnancy and live birth after IVF/
ICSI with fresh or frozen– thawed embryo 
transfer
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That may be due to the fact that in those studies, embryo quality 
was not taken into consideration and tubal factor was also not 
always evaluated. The present results of similar odds for EP after 
fresh transfer and FET also support recent findings that a freeze- 
all strategy is not beneficial for patients at risk for EP.27 Freezing 
and thawing can decrease embryo quality and can therefore con-
stitute an additional risk for a couple with already existing risks 
for EP.

We did not observe an association between day of transfer and 
EP. Previously, a meta- analysis of 22 studies showed lower odds for 
EP after blastocyst transfer in a variety of settings.28 The same con-
clusion was also reached by a more recent analysis;22 however, in 
those studies the numbers and/or quality of embryos transferred 
were not taken into account.

One limitation of the present study is that the analysis of several 
factors which are associated with the risk of EP could not be per-
formed because relevant data such as smoking, adnexal surgery or 
history of Chlamydia trachomatis infection were unavailable. Tubal 
factor infertility evaluated in the analyses represents the risk factors 
for EP observed in the Finnish IVF patient population. The incidence 
of risk factors has varied according to country and practice; for ex-
ample, an infection with C. trachomatis has been detected in 1.1% of 
subfertile patients in Brazil29 and in 2.7% in France.30 Accordingly, 
the associations of individual factors with EP have not been con-
sistent. ORs of a previous EP have ranged from 2.72 to 6.34,31,32 a 
previous pelvic inflammatory disease has been shown to have an OR 
of 2.5– 3.02,31,33 a history of infection with C. trachomatis has been 
implicated with an OR of 1.41– 3.18,2,34 and smoking with an OR of 
1.7– 3.9.35,36

Because of the anonymization of the dataset, a history of EP 
or number of previous pregnancies could also not be examined 
separately. It was decided, however, that gerenalized estimation 
equation analyses for repeated cycles were not necessary for 
this study because EPs after IVF/ICSI or FET are rare events and 
even if all EP patients had another pregnancy included in the 
dataset, the effect of these cycles on overall conclusions would 
be negligible. A new meta- analysis has shown possible associa-
tion between endometriosis and EP because of ovarian factors 
and also because of associated inflammation and adhesions;37 
however, endometriosis was outside the scope of the present 
investigation, which focused on ovarian response and embryo 
quality.

5  |  CONCLUSION

The present analyses demonstrated that the transfer of a top- 
quality embryo reduces the risk of EP after IVF/ICSI in both fresh 
and FET cycles. Tubal factor and the transfer of two embryos in-
crease the odds of EP even if one of the embryos has top- quality 
morphology. This means that especially in women with tubal fac-
tor infertility, the transfer of two embryos should be avoided, 
even if only non- top quality embryos are available. Transfer of a 

single embryo should always be considered to avoid this iatrogenic 
complication.
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