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Purpose: To assess the impact of additional embryo transfer (ET) on pregnancy in young
women, we used a natural-experiment approach.

Patients and Methods: The design was based on the national policy of South Korea
limiting the number of embryos transferred in vitro fertilization (IVF):=2 embryos on day
2-4 or one on day 5-6 for patients aged <35, with one extra embryo allowed for patients
aged >35. Using the data from 1909 ET cycles of 1287 women aged >34 and <35, we
calculated adjusted risk ratios (RRs) for pregnancy.

Results: Half of cycles were undertaken by women aged 35, and additional ET was
performed in 68.7% of them. Intrauterine pregnancy (45.2% vs 51.3%) and multiple gesta-
tion (30.5% vs 6.9%) were more common in women aged 35 than in those aged 34. The RR
for intrauterine pregnancy was 1.34 (95% confidence interval: 1.12—1.59) when comparing
double ET to single ET in frozen day 5-6 cycles.

Conclusion: We observed no evidence of a higher probability of pregnancy with additional
ET in fresh or frozen day 3—4 ET, or in fresh day 5-6 ET of women aged 35. Additional ET
may not increase the successful pregnancy rate in the 35-year-old group, unless it is
a frozen day 5-6 ET cycle.
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Introduction

In the process of in vitro fertilization, many medical practitioners are transferring two or
more embryos for better success rate of IVF, though single embryo transfer (ET) is
recognized as the standard of care for good-prognosis patients.' > Countries therefore
legislate the number of embryos that may be transferred during IVE,* because limiting the
number of embryos transferred can minimize the risk of multiple gestation without
affecting pregnancy rate.” Generally, the recommendation on the number of embryos
to transfer depends on the patient’s age: one or two for women aged 35-36 years, and as
many as three for those of a more advanced age.”*

Simple observational studies on the impact of different treatments may be inaccurate
due to confounding factors and reverse causality.” Natural experiments are defined as
a research approach which evaluates large-scale population health interventions that are
not amenable to experimental allocation.” This approach enables researchers to measure
the changes in outcome that may be plausibly attributed to the intervention.'® '

In 2015, the Ministry of Health and Welfare (MoHW) of South Korea published
a policy prescribing the number of embryos to transfer, discouraging medical
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professionals from transferring more than three (for 3—4day
ET) or two (for 5-6-day ET) embryos, regardless of embryo
grade, to reduce multiple gestations.'*> For women younger
than 35 years, no more than two day 3—4 embryos or one day
5-6 embryo should be transferred.'>'* The MoHW regularly
evaluates all IVF centers to verify whether they are following
the national policy. According to this policy, a woman aged
34 who fails to conceive after the transfer of two cleavage-
stage embryos or one blastocyst becomes eligible for the
transfer of three cleavage-stage embryos or two blastocysts
soon after their 35th birthday, regardless of the number of
good embryos (Figure 1). This enabled us to perform
a natural experiment among 34-35-year-old women, as
a woman’s general condition is assumed to be not changed
radically during this transition in age. Our objective was to
assess the impact of national ET guideline of South Korea
allowing additional ET after a patient’s 35th birthday on the
success rate of intrauterine pregnancy, by analyzing the data
of women aged >34 and <35 who have undertaken fresh or
frozen ET cycles using natural experiment approach.

Patients and Methods

Study Population

This was a retrospective study of patients (aged >34 and <35)
who had undergone ET cycles in 2015-2018 at a single IVF
center in Seoul, South Korea. We identified 2785 fresh or
frozen ET cycles conducted in this population. We excluded
cycles following a freeze-all protocol, cycles cancelled due to
failed oocyte retrieval, and cycles where no transferrable
embryo was obtained; accordingly, we restricted our analysis

to 1909 fresh or frozen IVF-ET cycles undertaken by 1287
women. As a retrospective chart review study, this research
met the criteria for waiver of written informed consent and
approved by the institutional review board of Gangnam CHA
Hospital (approval number: GCI-18-48). This study was
conducted ensuring patient data confidentiality and in accor-
dance with the Declaration of Helsinki.

IVF-ET Procedure

All patients had undergone controlled ovarian stimulation,
as described previously.'® In brief, most of the participants
received a gonadotropin-releasing hormone (GnRH)-
antagonist protocol, with the initiation of recombinant
follicle-stimulating hormone (r-FSH; Gonal-f*; Merck
Serono, Darmstadt, Germany or Follitrope®; LG Life
Ltd., South Korea)

menstrual day 3, after baseline transvaginal ultrasonogra-

Sciences Seoul, therapy from
phy (TVS) to ensure ovarian quiescence. Daily r-FSH dose
ranged from 150 to 225 IU. Follicular monitoring was
performed from day 7 to day 8 with TVS, and the dose
was adjusted according to follicular development. When
a dominant follicle of >15 mm in diameter was detected,
GnRH-antagonist (ganirelix acetate, Ganilever™; LG Life
Sciences Ltd.) treatment was started at a dose of 0.25 mg/
until the

human chorionic gonadotropin (hCG;

day subcutaneously, day of ovulation.
Recombinant
Ovidrel®; Merck Serono) was administered when there
was at least one follicle of >18 mm in diameter. After
TVS-guided oocyte retrieval and insemination, embryos

were cultured and assessed. Following the national
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Figure | Eligibility for additional embryo transfer in women aged 34 and 35 according to the policy of the Ministry of Health and Welfare of Korea.

Abbreviation: ET, embryo transfer.
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guideline, we transferred no more than two cleavage-stage
embryos or one blastocyst in 34-year-old patients, and no
more than three cleavage-stage embryos or two 5-6 blas-
tocysts in 35-year-old patients. Luteal support was pro-
vided for all patients with daily vaginal progesterone (P4)
suppositories or intramuscular P4 injection from the day of
oocyte retrieval. For patients undertaking a frozen ET
cycle, we started administering a daily 6 mg of oral estra-
diol valerate (Progynova™; Schering [Korea] Ltd., Seoul,
South Korea) from menstrual day 3. When endometrial
thickness reached approximately 8 mm, luteal support was
provided in the form of daily vaginal or intramuscular P4.
Thawed embryos were transferred 2—6 days later, depend-
ing on the day of embryo freezing.

Outcome and Covariates

The main outcome measures were intrauterine pregnancy
and multiple gestations, determined via serum hCG mea-
sured in gestational week 4, and TVS performed in week
5-6. Biochemical or ectopic pregnancy was defined as
serum hCG >20 IU/mL in week 4 and the absence of an
intrauterine gestational sac in week 5-6. We defined
intrauterine pregnancy as the presence of one or more
gestational sacs in week 5-6.

We also assessed baseline clinical characteristics for
fresh ET cycles, such as thin endometrium (<7 mm), ele-
vated serum P4 (>1.5 ng/mL) at the time of hCG injection,
decreased ovarian reserve (total number of oocytes <5),
and season of embryo transfer. For frozen ET cycles, thin
endometrium and season of embryo transfer were assessed
as baseline clinical characteristics.

Statistical Analysis
We first compared baseline clinical characteristics between
the ET cycles conducted in the 34- and 35-year-old groups.
This included mean endometrial thickness on the day of
hCG injection; number of oocytes, fertilized eggs, and
transferred embryos; P4 concentration on the day of hCG
initiation; the proportions of fresh ET and blastocyst trans-
fer; and the proportion of intrauterine pregnancies, bio-
chemical or ectopic pregnancies, and multiple gestations.
Continuous variables were compared between two
groups using Student’s t-test. Pearson’s Chi-squared test
with Yates’ continuity correction was used to compare
categorized variables. Further, we calculated unadjusted
and adjusted risk ratios (RRs) of intrauterine pregnancy
and multiple gestations for additional ET, including base-
line characteristics as covariates to adjust for potential

confounding effects. As some patients were included
more than once, we performed logistic regression using
a generalized linear mixed models to account for intrain-
dividual differences in IVF outcomes.'®> All analyses were
performed using the open source software package, R ver.
3.6.2 (R Core Team, 2019, Vienna, Austria).

Results

Of the 1909 ET cycles, half of the cycles (51.2%) were
conducted in patients aged 35. In all ET cycles performed
in this age group, additional ET was performed in 68.7% of
patients. There were no differences in endometrial thickness,
serum P4 level on the day of hCG initiation, or number of
retrieved oocytes or fertilized eggs (Table 1). More embryos
were transferred in the 35-year-old group than in the 34-year-
old group. The overall intrauterine pregnancy rate was 6.1%
higher in 35-year-old women than in 34-year-old women
(51.3% vs 45.2%, P < 0.001). Biochemical or ectopic preg-
nancies occurred in 4.5% of cycles in both groups. In cycles
yielding intrauterine pregnancy, the 35-year-olds experi-
enced a higher (P < 0.001) multiple gestation rate (30.5%)
than did the 34-year-olds (6.9%).

Upon comparing stratified proportions, the intrauterine
pregnancy rate with fresh cycles was similar between
patients receiving additional ET cycles and those who did
not, both for day 24 and day 5-6 transfers (Table 2). In
patients receiving frozen ET cycles of day 5-6 embryos, the
intrauterine pregnancy rate was higher (P <0.001) in patients
receiving additional ET than in those not receiving additional
ET (71.7% vs 52.9%). The multiple pregnancy rate was
higher in patients who had received day 5-6 ET than in
patients who had received day 2-4 ET, both for fresh
(36.0% vs 0.0%) and frozen (44.0% vs 0.0%) ET cycles.

According to our generalized linear mixed models, the
adjusted RR of intrauterine pregnancy upon additional ET
was 1.16 (95% confidence interval [CI]: 0.84-1.60) for
fresh day 24 cycles and 0.93 (95% CI: 0.66-1.30) for
fresh day 5-6 cycles, with no difference for any of these
(Figure 2). In patients undergoing frozen day 2—4 ET cycles,
the RR of intrauterine pregnancy upon additional ET was
0.67 (95% CI: 0.25-1.79). In patients undergoing frozen day
5-6 ET cycles, additional ET increased the probability of
intrauterine pregnancy (1.34, 95% CI: 1.12-1.59).

Discussion

We used a natural-experiment approach to assess the
impact of national ET guideline of South Korea allowing
additional ET after a patient’s 35th birthday on pregnancy

International Journal of Women’s Health 2021:13

submit your manuscript

381

Dove


http://www.dovepress.com
http://www.dovepress.com

Kim et al

Dove

Table | Characteristics of 1909 Fresh and Frozen Embryo Transfer Cycles of 34-35-Year-Old Women

Variables

Endometrial thickness on hCG day (mm)
P4 on hCG day (ng/mL)

Number of oocytes

Number of fertilized eggs

Number of transferred embryos, day 2—4
Number of transferred embryos, day 5-6
Proportion of fresh embryo transfer
Proportion of blastocyst transfer

Thin endometrium (<7mm) on hCG day
Serum progesterone elevation on hCG day
Decreased ovarian reserve (retrieved oocytes <5)

Intrauterine pregnancy

Biochemical or ectopic pregnancy
Multiple pregnancy of all intrauterine pregnancy

34 Years (932 Cycles) 35 Years (977 Cycles) P for Difference
9.56 £ 2.1 9.63 £2.18 0.839
0.83 £ 0.57 0.86 £1.00 0.587
12.79 + 9.04 133 £ 10.16 1.000

824+ 6 8.75 £ 6.89 0.799
1.85 + 0.43 247 + 0.69 <0.001
1.04 £ 0.19 1.75 £ 0.44 <0.001

60.1% (818/1360) 63.2% (900/1425) 1.000
42.9% (400/932) 46.9% (458/977) 1.000
5.8% (52/895) 6.0% (56/940) 0.972
13.5% (109/807) 13.1% (117/893) 0.320
21.4% (173/809) 17.1% (153/896) 0.064
45.2% (421/932) 51.3% (501/977) 0.009
4.5% (20/441) 4.5% (20/445) 0.198
6.9% (29/421) 30.5% (153/501) <0.001

Notes: Continuous variables are presented as means and standard errors and binary variables are as proportions (and frequencies in parentheses). Difference in continuous
variables was tested using Student t-tests. Pearson’s Chi-squared test with Yates’ continuity correction was used for categorized variables.

Abbreviations: hCG, human chorionic gonadotropin; P4, progesterone.

Table 2 Frequencies of Intrauterine Pregnancy and Multiple Pregnancy Among Intrauterine Pregnancy Cases, 1909 Cycles of 34-35-

Year-Old Women

ET Day No Additional ET Additional ET P for Difference
Intrauterine pregnancy
Fresh cycles Day 24 32.6% (128/393) 36.0% (62/172) 0.479
Day 5-6 51.5% (67/130) 46.0% (75/163) 0411
Frozen cycles Day 24 28.2% (20/71) 17.2% (5/29) 0.373
Day 5-6 52.9% (324/613) 71.7% (241/336) <0.001
Multiple pregnancy
Fresh cycles Day 24 18.8% (24/128) 27.4% (17162) 0.191
Day 5-6 0.0% (0/67) 36.0% (27/75) <0.001
Frozen cycles Day 24 30.0% (6/20) 0.0% (0/5) 0.289
Day 5-6 0.0% (0/324) 44.0% (106/241) <0.001

Notes: Additional ET cycle is defined as transfer of three day 2—4 embryos or two day 5—-6 embryos which is allowed after 35th birthday. Proportions were compared using
Fisher’s exact test or chi-square test. Multiple pregnancy rate was calculated only in intrauterine pregnancy cases. Two ET cycles were missing for ET day. Sum of all
numerators and denominators may not equal to the total number of ET cycles due to cases with missing information.

Abbreviation: ET, embryo transfer.

rate, using IVF-ET data of women aged >34 and <35.
Major finding is that the overall pregnancy rate in
women aged 35 was higher than those aged 34 in our
study population. There was a positive association
between additional ET and an increased intrauterine preg-
nancy rate was evident only for frozen day 5-6 ET cycles.
For fresh and frozen day 2—6 ET cycles and frozen day 2—4
ET cycles, there was no apparent association between
additional ET and the intrauterine pregnancy rate. This

finding suggests that, for women aged 35 who decide to
undergo fresh blastocyst or any types of cleavage ET,
additional ET may not yield an increased probability of
pregnancy. This finding would add an evidence to assist
practitioners and patients in weighing the benefits of addi-
tional ET against the risk of multiple gestations in this age
group.

Prior studies revealed pregnancy rates in single ET are
comparable to or slightly lower than those in additional ET
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Figure 2 Unadjusted and adjusted relative risk of intrauterine pregnancy for additional embryo transfer, 1909 cycles of 34-35-year-old women.
Notes: In the models for fresh cycles, thin endometrium, P4 elevation, decreased ovarian reserve, season of transfer and within-individual correlation were included as
covariates. In models for frozen cycles, thin endometrium, season of transfer and within-individual correlation were included. Hollow markers represent unadjusted and

solid markers represent adjusted estimates. Asterisks (*) indicate p < 0.05.
Abbreviation: ET, embryo transfer.

with a significant reduction of multiple pregnancy risk.
According to one systematic review, the live-birth rate
following repeated single ET was not different from that
following a single cycle of double ET; this suggests that
repeated single ET is the best option for most women
undergoing IVF-ET, considering the comparable cumula-
tive pregnancy rate and the odds of multiple gestation.’
However, the financial, physical, and emotional cost of
additional cycles, and worse prognosis in women of
advanced child-bearing age remain a concern." A meta-
analysis using pooled IVF data revealed that double ET is
associated with a higher ongoing pregnancy and live birth
rate than single ET,'® while other authors have argued that
repeated single ET yields comparable pregnancy rates to
that of double ET."” We postulate that the effect of addi-
tional ET reported in previous studies may have been
confounded by inter- and intraindividual variation. We
believe this study provides an evidence indicating the
impact of national policy on the pregnancy rate among
young infertile women, as a form of quasi-experimental
study.

As a retrospective study of a single IVF center, the
findings have to be interpreted with caution. To apply our
study design, we excluded all women aged outside of
34-35. Given the generally high pregnancy rate in this
age group, our findings cannot be applied to older

patients, who tend to have a less favorable prognosis.
By analyzing young infertile women, however, we
believe we have minimized the confounding effect of
age and ovarian function in assessing the impact of
additional ET. Second, we did not consider the quality
of embryos in each cycle. Different quality/grades of
transferred embryos in each cycle may have influenced
the pregnancy outcome. However, as we used a mixed-
models approach, adjusting for intraindividual effects, we
believe that we have reduced the potential confounding
effects of heterogeneity of embryo grade. Lastly, we did
not consider all the covariates such as insemination
method and indication of IVF which can potentially
confound the association between the number of trans-
ferred embryos and pregnancy rate. As we included only
34- and 35-year-old women, we believe these two age
groups would be similar to each other in the basal
characteristics.

Conclusion

We observed an increased probability of intrauterine preg-
nancy with additional ET only for frozen day 5-6 ET
cycles. Therefore, we recommend transferring a smaller
number of embryos per fresh ET cycle in 35-year-old
women. Our study provides new insight to the old question
of the number of embryos to transfer during IVF and

International Journal of Women’s Health 2021:13
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should assist public policy for more optimal IVF preg-
nancy outcome.
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