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1 | INTRODUCTION

| Jérémy Levy’ | Michael von Wolff'

Abstract

Objective: To elaborate the associations of different cycle regimens (natural cycle
[NC], stimulated cycle [SC], hormone replacement cycle [HRC]) on maternal and
neonatal adverse pregnancy outcomes after frozen-thawed embryo transfers (FET).

Design: Population-based registry study.

Setting: Swiss IVF Registry.

Population or Sample: Singleton (n =4636) and twin (n =544) live births after NC-
FET (n=776), SC-FET (n =758) or HRC-FET (n = 3646) registered from 2014 to 2019.
Methods: Fifteen pregnancy pathologies were modelled for singleton and twin preg-
nancies using mixed models adjusted for cycle regimen, delivery, fertilisation tech-
nique, chronic anovulation, age of mother and centre.

Main outcome measures: Maternal (vaginal bleeding, isolated arterial hypertension
and pre-eclampsia) and neonatal (gestational age, birthweight, mode of delivery) ad-
verse pregnancy outcomes.

Results: In singleton pregnancies, the incidences of bleeding in first trimester, iso-
lated hypertension and pre-eclampsia were highest in HRC-FET with doubled odds
of bleeding in first trimester (adjusted odds ratio [aOR] 2.23; 95% CI 1.33-3.75), iso-
lated hypertension (aOR 2.50; 95% CI 1.02-6.12) and pre-eclampsia (aOR 2.16; 95%
CI 1.13-4.12) in HRC-FET vs. NC-FET and with doubled respectively sixfold odds of
bleeding (aOR 2.08; 95% CI 1.03-4.21) and pre-eclampsia (6.02; 95% CI 1.38-26.24)
in HRC-FET versus SC-FET. In twin pregnancies, the incidence of pre-eclampsia was
highest in HRC-FET with numerically higher odds of pre-eclampsia in HRC-FET
versus NC-FET and versus SC-FET.

Conclusions: Our data implied the highest maternal risks of hypertensive disorders
in HRC-FET, therefore clinicians should prefer SC-FET or NC-FET if medically
possible.
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Cycles (HRC-FET), low-dose Stimulation Cycles (SC-FET)

Frozen-thawed embryo transfers (FET) are a key compo-
nent of assisted reproductive technologies (ART)"* and
have increased markedly to 27% of all cycles in Europe.’”
Various cycle regimens are used worldwide because of in-
sufficient evidence to favour particular transfer schedules.®
In general, FET can be performed in Hormone Replacement

or Natural Cycles (NC-FET).” HRC-FET is medically neces-
sary in amenorrhea or irregular cycles. SC-FET can also be
applied in irregular cycles; however, it is less frequently used
because daily and expensive gonadotrophin injections are
required. Practically, HRC-FET offers greater flexibility in
scheduling blastocyst thawing, which may be beneficial for
both the patient and the in vitro fertilisation clinic.
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No differences between these cycle regimens have been
demonstrated in terms of pregnancy rates.” However, serious
maternal and neonatal complications associated with HRC-
FET were first described in data from Sweden,® Japan® and
China.'"® A doubled to tripled risk of pre-eclampsia,®® a six-
fold risk of placenta accreta®! and doubled risk of caesarean
section'' occurred in HRC-FET compared with NC-FET.
A recent systematic review and meta-analysis revealed the
lowest risks of hypertensive disorders in pregnancy (relative
risk [RR] 0.61, 95% CI 0.50-0.73) and pre-eclampsia (RR
0.47, 95% CI 0.42-0.53) in NC-FET compared with HRC-
FET."? Data for SC-FET were comparable to those of NC-
FET, showing no increased adverse maternal or neonatal
outcomes.>"

The inhibition of follicles and luteal bodies, ™" altered
progesterone'®"” and supraphysiological estrogen levels'®
in HRC-FET cycles may lead to the above-mentioned preg-
nancy complications. An insufficient cardiovascular ad-
aptation was observed in women without corpus luteum,"
which may be caused by the lack of circulating vasoactive
hormones released by the corpus luteum.*

So far, most register studies have been conducted in
singleton pregnancies and data are also poor for SC-FET.
Regarding the increasing rate of HRC-FET cycles world-
wide, it is essential to elaborate the associations of each cycle
regimen with maternal and neonatal adverse pregnancy out-
comes, not only in singletons but also in in twin pregnancies.

14,15

2 | METHODS

2.1 | Study population
We conducted a retrospective cohort study collecting sin-
gleton and twin births after FET that were registered in
the Swiss ART Registry from 2014 to 2019. The inclusion
criterion was live birth after FET. Exclusion criterion was
stillbirth.

Women were divided into three groups according to the
different cycle regimens for endometrial preparation, which
were defined as follows:

o NC-FET: Natural cycle with or without human chorionic
gonadotrophin ovulation trigger

o SC-FET: Women treated with low-dose ovarian stimula-
tion (recombinant and human menopausal gonadotro-
phin with or without gonadotrophin-releasing hormone
agonist/antagonist) and with or without luteal phase
support

o HRC-FET: Women who received estradiol and progester-
one to stimulate endometrial growth and transformation.

2.2 | Outcomes

Maternal outcomes included pregnancy complications, e.g.
bleeding in first, second and third trimester, premature

labour, premature rupture of membranes, placenta praevia,
isolated hypertension (>140/90 mmHg), pre-eclampsia, in-
trauterine growth restriction and gestational diabetes.
Neonatal outcomes comprised gestational age with pre-
and post-term births, weight at birth with the proportion of
small and large for gestational age and mode of delivery.

2.3 | Statistical analysis

Data were analysed by cycle regimens (NC-FET, SC-FET,
HRC-FET) for the entire population or in singleton and
twin pregnancies. Descriptive statistics were used to present
patient and cycle characteristics, and maternal and neonatal
outcomes. Adjusted odds ratios with pregnancy complica-
tions as outcome and cycle regimen, fertilisation technique,
age of mother, polycystic ovary syndrome (PCOS) and
chronic anovulation as fixed effects and subcentre ID
(n =71) as random effect were also calculated.

None of the p values generated for the analysis were cor-
rected for multiple testing; the p values are therefore nomi-
nal and need to be interpreted accordingly. All analyses were
performed with SAS 9.4 (SAS Institute, Cary, NC, USA.

3 | RESULTS

Our study cohort comprised a total of 4636 singleton and
544 twin births (corresponding to 1088 twins), which were
distributed into the three groups: NC-FET (n = 776), SC-FET
(n = 758) and HRC-FET (n = 3646).

The mean maternal ages were 35.3, 35.3 and 35.1 years in
the NC-FET, SC-FET and HRC-FET groups, respectively.
The proportion of previous recurrent miscarriages was over-
all low (NC: 0.3%, SC: 0.3%, HRC: 0.7%). The FET groups
differed in the proportion of chronic anovulation or PCOS
(NC:5.9%, SC: 10.0%, HRC: 17.3%) and severe endometriosis
(NC: 3.6%, SC: 3.8%, HRC: 5.8%). Except for thyroid disease
(NC: 3.6%, SC: 3.4%, HRC: 5.8%), there were no differences
in comorbidities. The largest proportion of single embryo
transfers were conducted in HRC-FET (56.0%) and dou-
ble embryo transfers in SC-FET (55.0%). Numbers of triple
embryo transfers were overall low with the highest rate in
SC-FET (7.0%). Day of embryo transfer (day 2/3 or day 5)
was not documented in the registry. Maternal characteristics
separated into singleton and twin deliveries were compara-
ble (Table 1).

3.1 | Singleton pregnancies

Differences between the cycle regimens with highest inci-
dences in HRC-FET were observed in bleeding in the first
trimester (NC: 2.8%, SC: 2.6%, HRC: 7.0%), premature rup-
ture of membranes (NC: 1.4%, SC: 1.4%, HRC: 3.1%), iso-
lated hypertension (NC: 0.9%, SC: 0.2%, HRC: 1.8%) and
pre-eclampsia (NC: 1.7%, SC: 0.3%, HRC: 2.8%) (Table 2).

95U8017 SUOWILIOD 8A1TE.1D) 9{cfedl|dde au Ag peusenob ke s VO ‘8sn 0 Sani o Akeid 18Ul UO AS|IAN LD (SUONIPUOD-PUE-SWSILIOO"AB| 1M Afed U1 |Uo//:Sdny) SUORIPUOD pue swis | 8y} 89S *[z202/TT/92] uo Akeiqiauljuo A8|im ‘(IBunsuz) YIomieN ‘1S feuolieN uendAB3 Aq ev€/T'8250-TLyT/TTTT 0T/I0p/W0d A8 | AReiq puljuo uABoy/sciy woiy papeojumod ‘0 ‘82S0T.YT



HYPERTENSIVE DISORDERS IN HRC-FET

2 0 An International Journal of
) Obstetrics and Gynaecology

TABLE 1 Maternal characteristics in frozen embryo transfers (FET) by cycle regimen
Singleton deliveries (1 = 4636) Twin deliveries (n = 544)
NC-FET SC-FET HRC-FET NC-FET SC-FET HRC-FET
Characteristics (n=1703) (n=662) (n =3271) p value (n=173) (n=96) (n=375) p value
Maternal age (years), mean (SD) 35.4 (3.9) 35.5(3.9) 35.2 (4.0) 0.064 34.6 (3.8) 33.8 (4.0) 34.0 (4.3) 0.516
Recurrent miscarriage >2, n (%) 2(0.3) 2(0.3) 25 (0.8) 0.257 0 0 1(0.3) 1.000
Cause of infertility, n (%)
Chronic anovulation/PCOS 42 (6.0) 70 (10.6) 546 (16.7) <0.001 4 (5.5) 6(6.3) 84 (22.4) <0.001
Tubal factor 88 (12.5) 107 (16.2) 455 (13.9) 0.147 7(9.6) 12 (12.5) 45 (12.0) 0.858
Uterine malformation 4(0.6) 6(0.9) 34 (1.0) 0.555 1(1.4) 1(1.0) 0 0.096
Uterine fibroids 3(0.4) 13 (2.0) 40 (1.2) 0.029 0 2(2.1) 1(0.3) 0.131
Endometriosis (I/11) 55(7.8) 32 (4.8) 244 (7.5) 0.035 6(8.2) 9(9.4) 21 (5.6) 0.318
Endometriosis (ITI/IV) 25 (3.6) 27 (4.1) 193 (5.9) 0.013 3(4.1) 2(2.1) 17 (4.5) 0.626
Hypergonadotropic ovarian 12 (1.7) 6(0.9) 59 (1.8) 0.260 0 0 4(1.1) 1.000
insufficiency (WHO III)
Hypogonadotropic ovarian 1(0.1) 2(0.3) 31 (0.95) 0.029 0 0 4(1.1) 1.000
insufficiency (WHOI)
Other female pathologies 35 (5.0) 94 (14.2) 345 (10.5) <0.001 3(4.1) 12 (12.5) 35 (9.3) 0.171
Comorbidities, n (%)
Diabetes mellitus /11 1(0.1) 2(0.3) 4(0.1) 0.330 0 0 2 (0.5) 1.000
Thyroid disease 25 (3.6) 24 (3.6) 187 (5.7) 0.010 3(4.1) 2(2.1) 25 (6.7) 0.214
Breast cancer 3(0.4) 1(0.2) 6(0.2) 0.360 0 0 0
Malignancy of the genital tract 0 0 7 (0.2) 0.586 0 0 1(0.3) 1.000
Treatment type, n (%)
IVF 121(172)  136(20.5) 538 (16.4) <0.001 9 (12.3) 26 (27.1) 62 (16.5) <0.001
ICSI 547 (77.8) 292 (44.1) 2616 (80.0) 59 (80.8) 30 (31.3) 296 (78.9)
Mixed 35(5.0) 234 (35.4) 117 (3.6) 5(6.8) 40 (41.7) 17 (4.5)
Number of embryos/zygotes transferred, n (%)
1 376 (53.5) 286 (43.2) 2015 (61.6) <0.001 7 (9.6) 2(2.1) 27 (7.2) 0.083
2 315 (44.8) 332 (50.2) 1205 (36.8) 63 (86.3) 85 (88.5) 332 (88.5)
3 12 (1.7) 44 (6.6) 51 (1.6) 3(4.1) 9(9.4) 16 (4.3)

Italic values indicate significance of p < 0.05.

In SC-FET, gestational diabetes occurred most frequently
(NC: 4.6%, SC: 6.9%, HRC: 4.5%) and intrauterine growth
restriction least frequently (NC: 1.8%, SC: 0.2%, HRC: 1.3%).
There were no differences in the incidences of bleeding in
the second and third trimesters, premature labour in the sec-
ond trimester, placenta praevia, cervical insufficiency with
cerclage, hospitalisation in pregnancy and cholestasis be-
tween cycle regimens. The registry choice ‘other pregnancy
complications” was different between the groups and lowest
in HRC-FET (NC: 47.9%, SC: 42.0%, HRC: 28.5%) (Table 2).

Multivariate analysis revealed doubled odds of bleeding
in the first trimester (adjusted odds ratio [aOR] 2.23; 95%
CI 1.33-3.75), isolated hypertension (aOR 2.50; 95% CI
1.02-6.12) and pre-eclampsia (aOR 2.16; 95% CI 1.13-4.12)
in HRC-FET compared with NC-FET. There were doubled
odds of bleeding in the first trimester (aOR 2.08; 95% CI
1.03-4.21) and even six-fold odds of pre-eclampsia in HRC-
FET compared with SC-FET (aOR 6.02; 95% CI 1.38-26.24).
The odds of developing gestational diabetes were lower in

HRC-FET (aOR 0.51; 95% CI 0.30-0.88) compared with
SC-FET. NC-FET and SC-FET revealed comparable odds in
most cases (Table 2).

Overall, neonatal outcomes including gestational age, the
proportion of pre- and post-term births and birthweight were
similar in the three FET groups. Differences were shown in
the mode of delivery: highest caesarean section rates were
reported in HRC-FET (NC: 38.4%, SC: 44.3%, HRC: 51%)
and highest spontaneous birth rates in NC-FET (NC: 51.2%,
SC: 45.0%, HRC: 33.8%) (Table 3).

3.2 | Twin pregnancies

Pre-eclampsia showed a difference between the cycle regi-
mens with the highest incidence in HRC-FET (NC: 2.7%, SC:
1.0%, HRC: 7.2%). Similar to singleton pregnancies, intrau-
terine growth restriction occurred least frequently in SC-
FET (NC: 8.2%, SC: 0%, HRC: 2.9%). There were no relevant
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TABLE 3

=544)

Twin deliveries (n

4636)

Singleton deliveries (n

HRC-FET

(n

HRC-FET

p value

=375)

=96)

SC-FET (n

=73)

p value NC-FET (n

(n=3271)

=662)

SC-FET (n

=703)

NC-FET (n

Neonatal outcome

PAPE ET AL.

284 (75.7)
50 (13.3)
33 (8.8)
8(2.1)

73 (76.0)
13 (13.5)
8 (8.3)
2(2.1)

57 (78.1)
11 (15.1)
5(6.9)

0 (0)

Normal range, centile
SGA (<10th centile)

0.981

LGA (>90th centile)

Unknown/Missing (centile)

Italic value indicate significance of p < 0.05.

differences in any other incidences of pregnancy outcomes
by cycle regimens (Table 4).

Multivariate analysis showed numerically higher odds
for pregnancy complications in HRC-FET. The odds of pre-
eclampsia doubled compared with NC-FET (aOR 2.54; 95%
CI 0.54-11.94) and multiplied compared with SC-FET (aOR
4.05; 95% CI 0.47-34.74), and the odds of bleeding in the first
trimester increased five-fold in HRC-FET compared with
SC-FET (aOR 5.52; 95% CI 0.54-56.43) (Table 4).

Similar to singletons, there were no differences in neo-
natal outcomes, but twins were mainly born by caesarean
section in all cycle regimens (NC: 86.3%, SC: 86.5%, HRC:
80.3%).

4 | DISCUSSION

This study shows an association between hypertensive dis-
orders and HRC-FET. We found the highest incidences of
bleeding in the first trimester, isolated hypertension and
pre-eclampsia in singleton pregnancies. To our knowledge,
this is the first study to investigate the associations of preg-
nancy outcomes among different cycle regimens also in a
large cohort of SC-FET and twin pregnancies.

Previous studies have found that HRC-FET is an import-
ant risk factor for hypertensive disorders.>**™** Conflicting
results are described in neonatal outcomes including lack
of statistical differences between cycle regimen,** but also
higher proportions of post-term deliveries,"" macrosomia®
and large-for-gestational-age babies* " in HRC-FET. These
divergent outcomes may be explained by different sample
sizes or various baseline characteristics of the cohorts, espe-
cially in the percentage of women with PCOS.

Our cohort revealed a high proportion of HRC-FET both
in singleton (70.6%) and twin pregnancies (68.9%), which is
comparable to Japan (72%)’ and far higher compared with
Sweden (15%)® and Denmark (31%).%® These register studies
mainly analysed singleton deliveries®'****>?® or restricted
the sensitivity analysis to singletons."" Furthermore, the ma-
jority of studies compared HRC-FET with NC-FET***?® and
cycle regimens were defined differently. The Swedish study®
defined SC-FET as natural cycles with ovulation trigger. The
Danish study® separated the groups into natural cycles with
(= modified NC-FET) or without (= true NC-FET) an ovu-
lation trigger. In our study, SC-FET comprised all methods
of low-dose ovarian stimulation and NC-FET was defined by
lack of ovarian stimulation.

In our analysis, we not only confirmed the higher risk
profile in FET regimens without corpus luteum showing
increased risks of hypertensive disorders but additionally
added the following findings:

In singleton pregnancies, bleeding in the first trimester
occurred more often in NC-FET and multivariate anal-
ysis revealed doubled odds in HRC-FET compared with
NC-FET. Excess estradiol levels in the early stage of preg-
nancy have been shown to have adverse effects on placen-
tation, causing cell death, inhibiting trophoblast invasion
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in cytotrophoblast and placental cell lines,”® which might
be reflected by frequent bleeding. Gestational diabetes oc-
curred more often in SC-FET compared with HRC-FET.
Decreased secretion of insulin-counteracting hormones
from the placenta is discussed as suppressing the patho-
genesis of gestational diabetes in some HRC-FET-derived
pregnancies.9’30

In twin pregnancies, the incidence of pre-eclampsia
was also highest in HRC-FET in the multivariate analysis
(Table 4); however, the overall low absolute numbers of com-
plications might explain this statistical result.

Regarding neonatal outcomes, we found the highest
caesarean section rate in HRC-FET and the highest spon-
taneous birth rate in NC-FET. The higher percentage of
pregnancy complications might be one important reason
for the higher proportion of caesarean sections in HRC-
FET. Twins are usually delivered by caesarean section
because of inherent higher obstetric risks, which could
explain the lack of differences between the cycle regimens
(Table 3).

4.1 | Strengths and limitations
The great strength of our study is the large cohort of single-
ton (n = 4636) and twin (n = 544) pregnancies after three
different cycle regimens, representing the total Swiss ART
data of the years 2014-19. The use of the Swiss ART data
registry is both a strength and the main limitation of our
analysis. Studies based on registry data are often accompa-
nied by selection bias (nonrandomised) and missing data
(lack of documentation). The data are observational in na-
ture and it is possible that treatment patterns (unmeasured
confounders) might be responsible for the observed asso-
ciations. Furthermore, with the large number of outcomes,
some observed associations might have occurred by chance
and might not reflect an existing relationship. In the current
analysis, selection bias occurred in unequally distributed
maternal characteristics such as PCOS and in treatment type
(Table 1). Additionally, undocumented, background charac-
teristics might have had an impact on the clinician's choice
of treatment method. Potential confounders like body mass
index (BMI), history of hypertension or pre-eclampsia®"*?
were not documented and could not be considered while
analysing the data. As a result of the positive correlation be-
tween PCOS and BM], it is possible that the HRC-FET group
comprised a larger proportion of women with higher BMI.
However, the relative proportion of PCOS women in HRC-
FET was small overall (17.3%) and cannot explain the far
higher application of HRC-FET cycles (70.4%) and therefore
the pregnancy complications. It can be assumed that most
normo-ovulatory women also received HRC-FET for practi-
cal reasons. Moreover, we were able to adjust for PCOS in the
multivariate analysis.

The data also shows a large number of pregnancies with
‘other pregnancy complications’. A supportive analysis was
conducted excluding centres with more than 40% of ‘other’

or less than 10% of specified pregnancy complications. As
the results on maternal and neonatal outcomes were compa-
rable in this approach, a bias by inaccurate documentation
could be excluded.

Some studies also question whether pre-implantation ge-
netic testing (PGT) for aneuploidy may increase the risk of
pre-eclampsia or gestational hypertension.**** PGT became
legally permitted in Switzerland at the end of 2017 and was
slowly introduced during the following years. Therefore, no
PGT data are available for the analysis period.

Additionally, a quantification of blood loss and/or bleed-
ing episodes would have been interesting to analyse but were
not documented in the registry. This aspect should be inves-
tigated in prospective cohort studies.

5 | CONCLUSION

This is the first large register study to demonstrate an asso-
ciation between the three different cycle regimens including
a large proportion of SC-FET and twin pregnancies.

Our data showed higher odds of bleeding, isolated hy-
pertension and pre-eclampsia in patients conceiving after
HRC-FET compared with NC-FET and SC-FET, indicating
that these risks might be associated with the inhibition of the
luteal body development. In twin pregnancies, the incidence
of pre-eclampsia was also higher. Prospective randomised
controlled trials® are essential to clarify the potential mech-
anism underlying the influence of FET regimens with or
without corpus luteum affecting pregnancy complications.
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