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ABSTRACT

STUDY QUESTION: What are the data and trends on ART and IUI cycle numbers and their outcomes, and on fertility preservation
(FP) interventions, reported in 2019 as compared to previous years?

SUMMARY ANSWER: The 23rd ESHRE report highlights the rising ART treatment cycles and children born, alongside a decline in
twin deliveries owing to decreasing multiple embryo transfers; fresh IVF or ICSI cycles exhibited higher delivery rates, whereas fro-
zen embryo transfers (FET) showed higher pregnancy rates (PRs), and reported IUI cycles decreased while maintaining sta-
ble outcomes.

WHAT IS KNOWN ALREADY: ART aggregated data generated by national registries, clinics, or professional societies have been gath-
ered and analyzed by the European IVF-Monitoring (EIM) Consortium since 1997 and reported in a total of 22 manuscripts published
in Human Reproduction and Human Reproduction Open.

STUDY DESIGN, SIZE, DURATION: Data on medically assisted reproduction (MAR) from European countries are collected by EIM for
ESHRE each year. The data on treatment cycles performed between 1 January and 31 December 2019 were provided by either national
registries or registries based on initiatives of medical associations and scientific organizations or committed persons in one of the 44
countries that are members of the EIM Consortium.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Overall, 1487 clinics offering ART services in 40 countries reported, for the sec-
ond time, a total of more than 1 million (1 077 813) treatment cycles, including 160 782 with IVF, 427 980 with ICSI, 335 744 with FET,
64 089 with preimplantation genetic testing (PGT), 82 373 with egg donation (ED), 546 with IVM of oocytes, and 6299 cycles with frozen
oocyte replacement (FOR). A total of 1169 institutions reported data on IUI cycles using either husband/partner’s semen (IUI-H;
n =147 711) or donor semen (IUI-D; n=51 651) in 33 and 24 countries, respectively. Eighteen countries reported 24 139 interventions
in pre- and post-pubertal patients for FP, including oocyte, ovarian tissue, semen, and testicular tissue banking.

MAIN RESULTS AND THE ROLE OF CHANCE: In 21 countries (21 in 2018) in which all ART clinics reported to the registry 476 760
treatment cycles were registered for a total population of approximately 300 million inhabitants, allowing the best estimate of a
mean of 1581 cycles performed per million inhabitants (range: 437-3621). Among the reporting countries, for IVF the clinical PRs per
aspiration slightly decreased while they remained similar per transfer compared to 2018 (21.8% and 34.6% versus 25.5% and 34.1%, re-
spectively). In ICSI, the corresponding PRs showed similar trends compared to 2018 (20.2% and 33.5%, versus 22.5% and 32.1%) When
freeze-all cycles were not considered for the calculations, the clinical PRs per aspiration were 28.5% (28.8% in 2018) and 26.2% (27.3%
in 2018) for IVF and ICSI, respectively. After FET with embryos originating from own eggs, the PR per thawing was at 35.1% (versus
33.4% in 2018), and with embryos originating from donated eggs at 43.0% (41.8% in 2018). After ED, the PR per fresh embryo transfer

Received: July 25, 2023. Revised: August 14, 2023. Editorial decision: September 6, 2023.

© The Author(s) 2023. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/), which
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

€20z Jaquade 90 Uo Jasn 3gayjolqig - uadiemjuy Jeusianun Aq L800ZEL/L2EZ/ZL/8E/e1one/dalwny/wod dnoolwspeoe//:sdiy wol papeojumo(q


https://orcid.org/0000-0002-6581-5003
https://orcid.org/0000-0002-0889-6310
https://orcid.org/0000-0002-9159-5083
https://orcid.org/0000-0002-1538-9894
https://orcid.org/0000-0002-9342-2143
https://orcid.org/0000-0002-9342-2143
https://orcid.org/0000-0002-9342-2143

2322 | Smeenketal.

was 50.5% (49.6% in 2018) and per FOR 44.8% (44.9% in 2018). In IVF and ICSI together, the trend toward the transfer of fewer embryos
continues with the transfer of 1, 2, 3, and >4 embryos in 55.4%, 39.9%, 2.6%, and 0.2% of all treatments, respectively (corresponding to
50.7%, 45.1%, 3.9%, and 0.3% in 2018). This resulted in a reduced proportion of twin delivery rates (DRs) of 11.9% (12.4% in 2018) and a
similar triplet DR of 0.3%. Treatments with FET in 2019 resulted in twin and triplet DR of 8.9% and 0.1%, respectively (versus 9.4% and
0.1% in 2018). After IUI, the DRs remained similar at 8.7% after IUI-H (8.8% in 2018) and at 12.1% after IUI-D (12.6% in 2018). Twin and
triplet DRs after IUI-H were 8.7% and 0.4% (in 2018: 8.4% and 0.3%) and 6.2% and 0.2% after IUI-D (in 2018: 6.4% and 0.2%), respectively.
Eighteen countries (16 in 2018) provided data on FP in a total number of 24 139 interventions (20 994 in 2018). Cryopreservation of
ejaculated sperm (n =11 592 versus n =10 503 in 2018) and cryopreservation of oocytes (n =10 784 versus n =9123 in 2018) were most
frequently reported.

LIMITATIONS, REASONS FOR CAUTION: Caution with the interpretation of results should remain as data collection systems and
completeness of reporting vary among European countries. Some countries were unable to deliver data about the number of initiated
cycles and/or deliveries.

WIDER IMPLICATIONS OF THE FINDINGS: The 23rd ESHRE data collection on ART, IUI, and FP interventions shows a continuous in-
crease of reported treatment numbers and MAR-derived livebirths in Europe. Although it is the largest data collection on MAR in
Europe, further efforts toward optimization of both the collection and the reporting, from the perspective of improving surveillance
and vigilance in the field of reproductive medicine, are awaited.

STUDY FUNDING/COMPETING INTEREST(S): The study has received no external funding and all costs are covered by ESHRE. There
are no competing interests.

Keywords: IVF / ICSI / IUI / egg donation / frozen embryo transfer / surveillance / vigilance / registry / data collection / fertility
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Introduction

This is the 23rd annual report of the European IVF-Monitoring
(EIM) Consortium under the umbrella of ESHRE, assembling
the data on ART, IUI, and fertility preservation (FP) reported by
40 participating European countries in 2019 (Supplementary
Table S1 and Supplementary Data File S1).

Eighteen previous annual reports published in Human
Reproduction (https://www.eshre.eu/Data-collection-and-research/
Consortia/EIM/Publications.aspx) and four in Human Reproduction
Open (De Geyter et al., 2020a; Wyns et al., 2020, 2021, 2022), covered
data on treatment cycles collected yearly from 1997 to 2018. As in
previous reports, the manuscript contains the five most relevant
tables. Twenty additional supplementary tables (Supplementary
Tables S1, S2, S3, S4, S5, S6, S7, S8, S9, S10, S11, S12, S13, S14, S15,
S16, S17, S18, S19, and S20) are available online on the publisher’s
homepage. To allow easy comparison and assessment of trends,
the presentation of the data is consistent with previous reports.
For the fourth consecutive year, data on FP were collected and
added to this report.

Materials and methods

Data were collected on an aggregate basis and were provided by
40 European countries, covering treatments with IVF, ICSI, frozen
embryo transfer (FET), egg donation (ED), IVM, preimplantation
genetic testing (PGT; pooled data), frozen oocyte replacement
(FOR), IUI with husband’s/partner’s semen (IUI-H), and with do-
nor semen (IUI-D). The report includes treatments that started
between 1 January and 31 December in 2019. Data on pregnan-
cies and deliveries represent the outcomes of treatments per-
formed in 2019. Aggregated data on FP include numbers and
types of cryopreserved material and interventions for the use of
cryo-stored material between 1 January and 31 December
in 2019.

The national representatives of the 44 countries being mem-
bers of the EIM consortium were asked to fill out the survey with
the same data requirements as in 2018. A total of 10 modules on
specific topics/questions were sent using software designed for
the requirements of this data collection (Evidenze, former:
Dynamic Solutions, Barcelona, Spain). Any identified inconsis-
tency was clarified through direct contact between the

administrator of the ESHRE central office (VG) and the national
representative.

The data were analyzed and presented similarly to previous
reports. Footnotes to the tables were added to clarify some
results reported by individual countries, when applicable.

The terminology used was based on the glossary of The
International Committee for Monitoring Assisted Reproductive
Technology (Zegers-Hochschild et al., 2017).

Results
Participation and data completeness

Table 1 shows the number of clinics providing ART services with
the different treatment modalities they offer and institutions
performing IUI (IUI-H and IUI-D). Compared to 2018, the total
number of reporting clinics (1488 versus 1422 in 2018) and the
number of reported treatments (1 077 813 versus 1 007 598 in
2018, +7.0%) increased. Among the 51 European countries, 44 are
EIM members including 28 that were members of the European
Union (EU) at that time and 40 (39 in 2018) provided data
(Supplementary Table S1). Non-EIM members are mainly small
countries not offering ART services. Croatia, Cyprus, Georgia, and
Romania did not deliver data in 2019 (9.1% of EIM members). In
21 countries (52.5% of reporting countries), all ART clinics partici-
pated in the reporting. Among 1774 (1552 in 2018) known IVF
clinics in Europe, 1488 clinics reported data sets (83.9% versus
91.6% in 2018). The main differences with 2018 can be explained
by the renewed, but still limited, participation of Turkey in 2019.
As in 2018, the four European countries with the largest treat-
ment numbers in 2019 were Russia (161 166; 155 949 in 2018),
Spain (137 276; 140 498 in 2018), France (118 394; 106 884 in 2018),
and Germany (107 136; 105 328 in 2018).

Size of the clinics and reporting methods

The size of reporting clinics, as calculated based on the number
of fresh and frozen cycles per year, was highly variable among
and within countries, as seen in previous years (Supplementary
Table S2). In 2019, as in 2018, clinics with cycle numbers between
200 and 499, and 500 and 999, were the most common (25.7% and
27.8%, respectively, versus 27.3% and 26.3%). The proportion of
clinics performing more than 1000 treatment cycles per year was
slightly higher than in 2018 (22.3% versus 21.0% in 2018). Small
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clinics with fewer than 100 treatment cycles per year were pre-
sent in 24 countries (21 countries in 2018).

Requirements of registries and reporting methods of the coun-
tries are shown in Supplementary Table S3. Data collection was
either voluntary (15 out of 40 countries) or compulsory. Twenty-
six countries reported all or a part of the treatment cycles to the
national health authority. Among 19 countries with only partial
reporting, data were mainly provided voluntarily (14 countries)
to medical organizations (10 countries), to the national health
authority (8 countries), or to a single individual who took the ini-
tiative to organize the data collection (2 countries).

In contrast, complete reporting was most often achieved
when data collection was compulsory (20/21 countries) and with
data communication to the national health authority (all but
three countries). Transfer of the data was mainly done on an ag-
gregate basis (24 out of 40 countries).

Number of treatment cycles per technique and
availability
In 2019, 1 077 813 treatment cycles were reported to EIM (70 215
more than in 2018, +7.0%). Since 1997, the increasing numbers of
clinics reporting to EIM resulted in a total of 12 804 411 treatment
cycles and the birth of more than 2 479 254 infants (Table 2). As
seen in Table 1, most countries reported similar numbers of
treatment cycles as in 2018. Furthermore, the largest increments
in reported treatment numbers were observed in France
(+11 510, +10.8%) and Ukraine (+10 081, +35.6%). The largest re-
duction in reported treatment cycle numbers was seen in
Denmark (4757, =23.1%).

Table 1 shows the number of treatment cycles per technique
in 2019: ICSI remains the most used technology (427 980, 39.7%),
versus 400 375 (39.7%) in 2018. Cycles with IVF, FET, ED, FOR,
PGT, and IVM represented 14.9%, 31.2%, 7.6%, 0.6%, 5.9%, and
0.0005% of all cycles, respectively, in 2019. The distribution of the
available techniques remained similar to 2018 (respectively,
16.2%, 30.7%, 8%, 0.5%, 4.8%, and 0.0005%). Reported cycle num-
bers with ICSI, FET, ED, PGT, IVM, and FOR increased, and only
those with IVF decreased (—1.3%).

The steepest rise in treatment numbers was observed for PGT
(+32.7%; +29.5% in 2018), FOR (+15.7%; +4.5% in 2018), and FET
(+8.5%; +14.0% in 2018).

The highest proportions of FET treatments (calculated as FET/
(FET + ICSI + IVF)) were reached in Armenia (60.8%), Czech
Republic (52.2%), The Netherlands (51.7%), Ukraine (48.0%),
Finland (47.2%), Belgium (47.1%), and Switzerland (45.9%) with
an overall proportion of 36.3% and comparable to 35.5% in 2018
(Fig. 1A and B).

Figure 1A shows the evolution and continuing preponderance
of ICSI over conventional IVF. Among a total of 588 762 fresh
treatments (ICSI + IVF), 72.7% (71.1% in 2018) were done
with ICSI.

The number of treatment cycles per million women of repro-
ductive age and per million inhabitants is shown in Table 1 and
Supplementary Table S4. Availability of ART treatments was cal-
culated for the 21 countries with full coverage (Supplementary
Table S4) showing a huge variability in availability when all tech-
niques are considered (range per million women aged 15-
45years: 3943 in Lithuania to 19 393 in Czech Republic).
Corresponding proportions of newborns resulting from ART
ranged from 1.2% to 6.3% of all newborns in these countries.
Among the countries with complete reporting to the national reg-
istry, proportions of ART infants above 5% were reached in
Belgium, the Czech Republic, Denmark, Estonia, and Iceland.

Pregnancies and deliveries after treatment

Table 3 shows pregnancy and delivery rates after IVF or ICSI and
after FET (after both IVF and ICSI). Outcome data were calculated
per aspiration, rather than per initiated cycle, as the numbers of
initiated cycles have often been reported incompletely.

Among the 40 reporting countries, 31 were able to provide
both pregnancy and delivery rates per aspiration after IVF. After
ICSI, 34 countries were able to provide both pregnancy and deliv-
ery rates per aspiration. For FET when considering thawing
cycles, 33 countries were able to report pregnancy and delivery
rates (32 in 2018). Supplementary Table S4 shows the number of
deliveries for the 21 countries with full coverage.

Table 2. Number of institutions offering ART services, treatment cycles, and infants born after ART in Europe, 1997-2019.

Year No. of countries No. of centers No. of cycles Cycle increase (%) No. of infants born
1997 18 482 203 225 35314
1998 18 521 232225 +14.3 21433
1999 21 537 249 624 +7.5 26212
2000 22 569 275 187 +10.2 17 887
2001 23 579 289 690 +5.3 24963
2002 25 631 324238 +11.9 24283
2003 28 725 365 103 +12.6 68 931
2004 29 785 367 056 +0.5 67973
2005 30 923 419 037 +14.2 72184
2006 32 998 458 759 +9.5 87 705
2007 33 1029 493 420 +7.7 96 690
2008 36 1051 532260 +7.9 107 383
2009 34 1005 537 463 +1.0 109 239
2010 31 991 550296 +2.4 120676
2011 33 1314 609 973 +11.3 134 106
2012 34 1354 640 144 +4.9 143 844
2013 38 1169 686271 +7.2 149 466
2014 39 1279 776 556 +13.1 170 163
2015 38 1343 849 811 +10.2 187 542
2016 40 1347 918 159 +8.0 195 766
2017 39 1382 940 503 +2.4 198 215
2018 39 1422 1007 598 +7.1 215614
2019 40 1488 1077813 +7.0 203 665
Total 12 804 411 2479 254
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Figure 1. Distribution of treatments in Europe, 1997-2019. (A) Proportion of IVF versus ICSI cycles. (B) Proportion of fresh versus frozen cycles. FET:

frozen embryo transfer.

Significant variation in pregnancy and delivery rates (for all
types of treatment cycles) was observed among different coun-
tries, as in previous years.

Per aspiration, pregnancy rates (PRs) are shown in Fig. 2A and
ranged from 16.0% to 53.1%. The delivery rates are shown in
Fig. 2B and ranged from 10.6% to 29.4% in fresh cycles after IVF
or ICSI (including the freeze-all cycles whether performed or not
by the countries) (Table 3). For FET, pregnancy and delivery rates
per thawing varied between 22.5% and 50.1% and between 7.2%
and 41.4%, respectively. Overall, while higher pregnancy and de-
livery rates were recorded for FET cycles (per thawing) than for
both fresh IVF and ICSI cycles (per aspiration) (Table 3;

Supplementary Table S7), PRs per transfer in fresh cycles
remained at the same level (34.6% for IVF and 33.5% for ICSI;
Fig. 3A), but were slightly higher in FET cycles (35.8%), as were
delivery rates per transfer (25.3% for IVF, 24.1% for ICSI, and
25.6% for FET), as in 2018 (Supplementary Tables S5, S6, and S7
and Fig. 3B).

When considering the developmental stage of replaced em-
bryos, the data showed PRs for blastocyst transfers to be higher
(39.4%) than for cleavage-stage embryos (26.5%) in fresh IVF and
ICSI cycles together (it was not possible to distinguish between
IVF and ICSI). A similar picture was seen in FET cycles: 40.5% PRs
for blastocyst transfers versus 26.9% for cleavage-stage embryos.
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Figure 2. Pregnancy and delivery rates per aspiration in Europe, 1997-2019. (A) Pregnancy rates for IVF versus ICSI cycles. (B) Delivery rates for fresh

versus frozen cycles. FET: frozen embryo transfer.

Cycle numbers, aspirations, transfers, pregnancies, and deliv-
eries in IVF, ICSI, and FET (after both IVF and ICSI) by country are
presented in Supplementary Tables S5, S6, and S7.

For the sixth year, ‘freeze-all’ cycles were collected
(Supplementary Tables S5 and S6) including either freezing of all
oocytes reported by 11 countries for IVF (11 in 2018 and 10 in
2017) and 19 countries for ICSI (17 in 2018 and 17 in 2017), or of
all embryos by 26 countries for IVF (23 in 2018 and 22 in 2017)
and 27 countries for ICSI (25 in 2018 and 27 in 2017). The highest
proportions of freeze-all cycles per aspiration (oocytes and em-
bryos together) were 61.0% (29.8% in 2018) and 61.9% (41.7% in
2018), respectively, for IVF and ICSI.

ED cycle numbers were available for 20 countries (23 in 2018)
although 27 (27 in 2018) provided outcome data (Supplementary
Table S8). The highest numbers of ED cycles were reported from
Spain, the Czech Republic, and Russia, as in 2018. The number of
aspirations of donated oocytes was 34 406 (36 938 in 2018)

resulting in 22 932 fresh transfers (24 148 in 2018), while the
number of replacements of frozen oocytes (FOR) was 16 122
(16 130 in 2018). The PR per fresh ET was 50.5% (49.6% in 2018)
for freshly donated oocytes and 44.8% (44.9% in 2018) for thawed
oocytes. High variability was seen between countries, ranging
from 31.5% to 100% for fresh oocytes and from 23.2% to 80.0% for
thawed oocytes, as in previous years, although sometimes small
numbers were observed. Overall (including also the transfers of
frozen embryos), 25 156 deliveries were reported with donated
eggs (25 760 in 2018 and 21 312 in 2017). Compared to cycles with
own oocytes, pregnancy and delivery rates per transfer were
higher for fresh (IVF and ICSI) and FET cycles together.

Age distribution

Supplementary Tables S9 and S10 showed that the age distribu-
tions of women treated with IVF and ICSI, respectively, varied be-
tween countries. Some countries were not able to provide age
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Figure 3. Pregnancy and delivery rates per transfer in Europe, 1997-2019. (A) Pregnancy rates for IVF versus ICSI and ED cycles. (B) Delivery rates for

fresh versus frozen cycles. ED, egg donation.

categories (nine for IVF and six for ICSI). The highest percentage
of women aged 40years and older undergoing aspiration for IVF
was reported in Greece (as in 2018), whereas the highest percent-
age of women aged <34years was reported in Ukraine (as in
2018). For ICSI, the highest percentage of women aged 40years
and older undergoing aspiration was also reported in Greece (as
in 2018), whereas the highest percentage of women undergoing
aspiration aged <34years was recorded in Sweden (as in 2018).
An age-dependent decrease in pregnancy and delivery rates for
IVF and ICSI cycles was reported, as expected. Pregnancy and de-
livery rates in women aged 40years and older ranged between
6.5% and 56.7%, and 1.5% and 23.8%, respectively. These age-
related declines were also visible in FET cycles (Supplementary
Table S11) with recorded pregnancy and delivery rates among

women aged 40years and older ranging from 7.7% to 42.5% and
0% to 35.5%, respectively.

As seen in Supplementary Table S12, the age of the recipient
women had little influence on the outcomes of ED cycles.

Numbers of embryos transferred and
multiple births
Differences in the number of embryos replaced per transfer after
IVF and ICSI together, with multiple birth rates per subgroups de-
fined by the number of embryos replaced, are presented
in Table 4.

Six countries reported neither the number of replaced em-
bryos nor the multiplicity. Most transfers involved the replace-
ment of one embryo (elective or not) (55.4% of cycles, as
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Figure 4. Embryo transfer and multiple births in Europe, 1997-2019. (A) Number of embryos transferred in IVF and ICSI during fresh cycles.

(B) Percentages of twin and triplet deliveries.

compared to 50.7% of single embryo replacements in 2018). The
evolution of the proportions of replacements of one, two, and
three or more embryos is shown in Fig. 4A.

Twenty-three countries reported more than 50% single em-
bryo transfers (17 in 2018) with seven reporting more than 75%
single embryo transfers. None of the reporting countries carried
out more than 50% of their transfers with three embryos. Among

the seven countries recording transfers of four or more embryos,
the highest proportion was found in Serbia (3.0%; 5.5% in Greece
in 2018). For the third consecutive year, the embryonic develop-
mental stage at transfer was recorded. Taking into account that
the embryo stage at transfer was unknown in 18.4% of the fresh
(IVE + ICSI) cycles, 52.8% (50.1% in 2018) of the transfers were
performed at the blastocyst stage. The corresponding percentage
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for FET was 79.1% (73.9% in 2018). Information about the embry-
onic developmental stage was not available with respect to the
number of embryos replaced.

As a result of the decreasing number of embryos replaced per
transfer, the global proportion of twin and triplet deliveries con-
tinued to decrease (Fig. 4B). Twin and triplet rates for fresh IVF
and ICSI cycles together were 12.0% (range 0-26.9) and 0.3%
(range: 0-3.8), respectively. Corresponding results for FET were
9.3% and 0.1%. Two countries reported rates of single embryo re-
placement above 95% in fresh cycles (100% in Iceland, 95.7% in
Finland) and twin rates were as low as 0% (in Iceland, data from
Finland were not available).

Supplementary Tables S13 and S14 provide additional infor-
mation on pregnancies and deliveries. The reported incidence of
pregnancy loss was 19.9% after removing the data of those coun-
tries in which pregnancy loss was not documented (19.3% in
2018) after IVF + ICSI and 21.5% (21.4% in 2018) after FET. The
proportion of recorded lost to follow-up pregnancies was 8.7%
(7.2% in 2018) after IVF + ICSI and 8.6% (7.2% in 2018) after FET.

Perinatal risks and complications

Data on premature deliveries were available from 21 countries
(21 countries in 2018). Premature delivery rates (for fresh IVF and
ICSI, FET, and ED together) according to multiplicity are pre-
sented in Supplementary Table S15. The incidence of extremely
preterm birth (20-27 gestational weeks at delivery) was 1.5% in
singleton pregnancies (1.0% in 2018), 3.3% in twins (3.1% in 2018),
and 12.2% in triplets (6.0% in 2018). Very premature birth rates
(28-32 gestational weeks at delivery) were recorded in 3.4% of
singletons (2.2% in 2018), 10.9% of twin pregnancies (9.7% in
2018), and 40.8% in triplet pregnancies (37.9% in 2018). The evo-
lution of the proportions of premature deliveries (before
37 weeks) over the years according to multiplicity is shown in
Fig. 5. Term deliveries (>37 weeks) were achieved in 84.2% (83.1%
in 2018) of singleton pregnancies, 44.0% (43.6% in 2018) of twin
pregnancies, and 8.2% (8.1% in 2018) of triplet pregnancies.

Complications and fetal reductions related to ART procedures
were reported by 35 countries (34 in 2018) (Supplementary Table
S16). The main reported complication was ovarian hyperstimula-
tion syndrome (OHSS) (grades 3-5) with a total reported number
of 1654 (1719 in 2018) corresponding to an incidence rate of 0.16%
(0.17% in 2018). Other complications (1575; 1379 cases in 2018)
were reported with a total incidence of 0.15% (0.14% in 2018) and
with bleedings being the most frequent (0.1%, identical to 2018).

Two maternal deaths were reported (3 in 2018). France
reported a 32-year-old patient who died 6 weeks after oocyte re-
trieval because of a massive pulmonary embolism. In Russia, a
patient died after IVF because of a pulmonary embolism after se-
vere OHSS in early pregnancy.

Fetal reductions were reported in 487 cases (509 in 2018), the
majority from the UK, Belgium, and Ukraine.

Preimplantation genetic testing

Table 1 includes PGT activities, which were reported from 27
countries (24 in 2018). The main contributors were Spain, Russia,
Ukraine, Turkey, and Italy.

The total number of treatment cycles was 64 089 representing
6.9% of initiated IVF + ICSI and FET cycles together (48 294; 7.1%
in 2018).

More details on PGT activities can be found in the annual
reports of the ESHRE PGT Consortium (Spinella et al., 2023).

IVM

A total of 546 treatments with [VM were reported from nine
countries (532 treatments from eight countries (Serbia) in
2018) (Table 1).

Most IVM cycles were recorded in Belgium, as in 2018. A total
of 188 transfers resulted in 37 pregnancies (19.7% per transfer)
and 25 deliveries (13.3% per transfer).

Frozen oocyte replacement

A total number of 6299 thawing cycles were reported by 22 coun-
tries (5444 from 22 countries in 2018) (Table 1) with Italy and the

Preterm deliveries

100
. 7~
80
70
60
50
40
30
20
10
00

Percentage %

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

== preterm birth < 37 weeks singletons
= preterm birth < 37 weeks twins
=preterm birth < 37 weeks triplets

Year

Figure 5. Proportion of premature deliveries (<37 weeks of gestation in relation to pregnancies 237 weeks of gestation) in singleton, twin and triplet

pregnancies in Europe, 2006-2019.
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UK being the largest contributors (1361 and 998 cycles,
respectively).

Among 4402 transfers, 1075 resulted in pregnancies (29.5%;
29.5% in 2018) and 867 in deliveries (24.4%; 21% in 2018).

IUI

Data on IUI-H or IUI-D were collected by a total of 1169 institu-
tions (1271 in 2018) in 30 and 25 countries, respectively, as in
2018. Among 147 711 IUI-H (148 143 in 2018) and 51 651 IUI-D
(50 609 in 2018) reported cycles, the numbers of IUI-H were the
highest in France, Spain, Italy, Belgium, and Poland, and those of
IUI-D were the highest in Spain, Belgium, Denmark, and the UK
(Table 5 and Supplementary Tables S17 and S18).

Delivery rates could be calculated for 139 870 IUI-H cycles
(9.2%; 8.9% in 2018) and 45 436 for IUI-D cycles (12.1% versus
12.6% in 2018). Singleton deliveries were the most frequent re-
gardless of the age group with an overall rate of 90.9% for IUI-H
and 93.5% for IUI-D (91.2% in IUI-H, 93.4% in IUI-D in 2018). Twin
and triplet rates were 8.7% and 0.4%, respectively, after IUI-H,
and 6.2% and 0.2% after IUI-D, respectively (in 2018: 8.4% and

Table 5. IUI with husband (IUI-H) or donor (IUI-D) semen in 2019.

0.3%, respectively, after IUI-H and 6.4% and 0.2%, respectively,
after IUI-D).

Sum of fresh and FET (‘cumulative’) delivery rates
Supplementary Table S19 provides an estimate of a cumulative
delivery rate. The cumulative delivery rate was calculated as the
ratio between the total number of deliveries from fresh embryo
transfers and FET performed during 1 year (numerator) and the
number of aspirations during the same year (denominator). The
cumulative delivery rate thus differs from a true cumulative de-
livery rate, which is based on all transfers resulting from one as-
piration. The calculation was based on data provided by 37
countries (36 countries in 2018) with an overall delivery rate of
31.4% (32.3% in 2018). The cumulative increase resulting from
additional FET (overall delivery rates from fresh embryo trans-
fers) reached 15.3% (14.4% in 2018). In some countries, more de-
liveries were reported after FET than after a fresh IVF/ICSI cycle.
Consequently, as a result of the relative contribution of FET the
cumulative PR was high in Armenia, Belgium, Czech Republic,
Denmark, Finland, Iceland, Ireland, Kazakhstan, Latvia, Malta,

IUI-H IUI-D
Deliveries Singleton Twin Triplet Deliveries Singleton Twin Triplet
Country Cycles Deliveries (%) (%) (%) (%) Cycles Deliveries (%) (%) (%) (%)
Albania 50 5 10.0 60.0 40.0 0.0
Armenia 827 133 16.1 94.0 6.0 0.0 273 28 10.3 89.3 10.7 0.0
Austria 1846 517 0 0.0
Belarus 1014 124 12.2 92.2 6.9 0.9 89 20 22.5 88.9 11.1 0.0
Belgium 12293 789 6.4 94.4 5.6 0.0 9140 887 9.7 95.2 4.8 0.0
Bosnia-Herzegovina, 96 8 83 100.0 0.0 0.0
Federation part
Bulgaria
Czech Republic
Denmark 9504 1099 11.6 90.3 9.6 0.1 8514 554 6.5 94.4 5.6 0.0
Estonia 196 15 7.7 100.0 0.0 0.0 177 20 113 95.0 5.0 0.0
Finland 2561 241 9.4 93.4 6.6 0.0 1212 162 13.4 95.1 49 0.0
France 44323 4762 10.7 90.3 9.3 0.3 2995 589 19.7 89.1 10.4 0.5
Germany
Greece 3117 272 8.7 98.9 11 0.0 219 61 27.9 98.4 0.0 1.6
Hungary 2676 193 7.2 82.9 16.1 1.0
Iceland 26 6 23.1 100.0 0.0 0.0 169 29 17.2 100.0 0.0 0.0
Ireland 434 62 14.3 87.1 12.9 0.0 182 30 16.5 92.3 7.7 0.0
Italy 15895 1159 7.3 91.4 7.9 0.8 656 90 13.7 88.9 11.1 0.0
Kazakhstan 781 67 8.6 62.7 343 3.0 100 18 18.0 100.0 0.0 0.0
Latvia 96 5 5.2 100.0 0.0 0.0 39 4 10.3 75.0 25.0 0.0
Lithuania 737 50 6.8 93.8 6.3 0.0 7 1 14.3 100.0 0.0 0.0
Luxembourg 221 34 15.4 100.0 0.0 0.0 74 10 13.5 90.0 10.0 0.0
Malta 173
Moldova 15 1 6.7 100.0 0.0 0.0
Montenegro 273 14 5.1 71.4 28.6 0.0
North Macedonia 1087 112 10.3 96.4 3.6 0.0 25 3 12.0 100.0 0.0 0.0
Norway 258 19 7.4 94.7 5.3 0.0 717 113 15.8 98.2 1.8 0.0
Poland 11748 655 5.6 92.9 7.0 0.1 1673 194 11.6 96.9 3.1 0.0
Portugal 2115 192 9.1 93.2 6.3 0.5 491 78 15.9 92.2 6.5 13
Russia 7226 694 9.6 90.1 8.8 1.0 2813 351 125 94.2 5.8 0.0
Serbia 1346 25 1.9 88.0 12.0 0.0
Slovakia 2107
Slovenia 564 50 8.9 96.0 4.0 0.0
Spain 18 984 1928 10.2 90.3 9.4 0.3 13561 1948 14.4 92.4 7.2 0.4
Sweden 2310 323 14.0 98.1 1.9 0.0
Switzerland
The Netherlands
Turkey 1407 150 10.7 87.3 10.0 2.7
Ukraine
UK 3715 5698
All? 147711 12 864 9.2 90.9 8.7 0.4 51651 5513 121 935 6.2 0.2

@ Total refers to these countries where data were reported and mean percentage was computed on countries with complete information.
These data are an underestimation of the numbers, as IUI is not always part of the registry.
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Moldova, Poland, Spain, Sweden, Switzerland, Turkey, and
Ukraine. The relative lowest contribution of FET to the cumula-
tive PRs came from Germany, Hungary, Lithuania, Malta,
Montenegro, North Macedonia, and Serbia.

Cross-border reproductive care

Thirteen countries reported data on cross-border reproductive
care: Albania, Belarus, Czech Republic, Greece, Iceland, Ireland,
Malta, Poland, Portugal, Slovenia, Spain, Switzerland, and
Turkey. A total of 33 003 cycles (21 792 in 2018) were reported,
29.4% (21.5% in 2018) of which involved IVF/ICSI with the cou-
ple’s own gametes, 52.9% (52.6% in 2018) were oocyte reception
cycles, and 13.7% (20.6% in 2018) were IVF or ICSI cycles with se-
men donation. Additionally, 2456 IUI with sperm donation (6791
in 2018) were registered. Information about the countries of ori-
gin was very incomplete and not reliable enough to draw any
conclusion. The main reason reported by patients for crossing
the borders was to seek less expensive treatment (43.0%; 25.0% in
2018). However, cross-border reproductive care was also reported
to be performed because the treatment was of too low quality
(29.7%; 42.3% in 2018) or not legal in the home country (13.8%;
21.1% in 2018).

Fertility preservation

For the fourth year, data on FP were reported. Eighteen countries
(16 in 2018 and 14 in 2017) provided data on a total number of
24 139 interventions (20 994 in 2018; 18 888 in 2017)
(Supplementary Table S20) both for medical and non-medical
reasons in pre- and post-pubertal patients. The majority of inter-
ventions consisted of the cryopreservation of ejaculated sperm
(n=11 592 with data from 16 countries, n=10 503 with data
from 14 countries in 2018) and the cryopreservation of oocytes
(n=10 784 with data from 15 countries, n= 9123 with data from
16 countries in 2018). Ovarian tissue cryopreservation was
reported by 2 (2 in 2018) and 11 (11 in 2018) countries, respec-
tively, for pre- and post-pubertal patients. The use of post-
pubertal tissue through transplantation was reported by four
countries (Greece, Italy, Slovenia, and Spain). Testicular tissue
cryopreservation in post-pubertal patients and pre-pubertal boys
was reported by 14 (8 in 2018) countries and by one country (1 in
2018), respectively.

Discussion

Between 1997 and 2019, the EIM Consortium of ESHRE reported
on a total of over 12 million treatment cycles (12 804 411) result-
ingin the birth of over 2 million infants.

The current 23rd annual report presents a comprehensive
analysis of data on ART, IUI, and FP activities. The data are de-
rived from compulsory or voluntary registries of 40 European
countries (one more than in 2018). For the second time, the num-
ber of reported treatment cycles per year exceeded 1 million.
Only a few countries opted out of participation (5 out of 44 EIM
members as well as 7 non-EIM members including Azerbaijan,
Kosovo, and 5 smaller countries not offering ART services).
Furthermore, data could not be obtained from three member
states of the EU (Croatia, Cyprus, and Romania), most probably
because of economic, regulatory, or political factors, as suggested
by a survey on medically assisted reproduction (MAR) activities
(Calhaz-Jorge et al., 2020).

Overall, the number of European countries actively participat-
ing has remained relatively stable in recent years, with only
slight fluctuations. There has been a continued increase in the
reported number of treatment cycles (+7.0% compared to 2018).

In contrast, the number of infants born from ART per year de-
clined (-5.4% compared to 2018), as did the percentage of ART
infants per national births (3.0%; 3.5% in 2018).

Despite the well-known challenges associated with heteroge-
neous data collection systems in Europe and the lack of stan-
dardized indicators, the participation rate at the country level
remains very high with 90.9% of EIM members contributing data
after excluding those countries where ART services are not avail-
able. However, 21 countries (52.5% of EIM members) managed to
submit data from all IVF institutions, resulting in 83.9% of all IVF
institutions sending in their data (versus 91.6% in 2018). The
main reason for this decrease is the newly installed participation
of Turkey, where 26 out of 167 clinics (15.5%) submitted their
data. Therefore, future efforts should prioritize the collection of
complete data sets within each country.

To enhance the quality of the data from participating coun-
tries, progress is expected through implementing a prospective
cycle-by-cycle data collection (already established in 16 countries
in 2019) with harmonized indicators. As an initial step, a
minimum core data set with defined outcome parameters and
collected items was established (https://www.eshre.eu/Data-col
lection-and-research/Consortia/EIM).

Until better quality data are available, interpretation of the
data should be carried out with caution. Better quality includes
the harmonization of data collection systems across countries
and registration of indicators, taking into account center/
country-specific practices (e.g. freeze-all cycles, embryo transfer
policy, PGT-A, etc.).

Besides the current EU objective to enhance vigilance in the
field of MAR, increased transparency regarding access to repro-
ductive care and cross-border treatments for all stakeholders is
equally important. Over the years, the EIM Consortium has con-
stantly recorded significant variation in access to treatment be-
tween countries, with the number of ART cycles per million
women aged 15-45years ranging from 3943 in Lithuania to
19 393 in the Czech Republic, and per million inhabitants from
694 in Lithuania to 3621 in the Czech Republic.

While such data are unique in Europe, the interpretation
becomes more and more difficult owing to the historically esti-
mated threshold of 1500 fresh ART cycles per million inhabitants.
This threshold was previously considered necessary for adequate
infertility care but technological advancements in the field have
proved this outdated. Furthermore, cross-border patients also
need to be considered when best estimates for sufficiency thresh-
olds are established. Data on cross-border care were only avail-
able for 13 countries in 2019 (12 in 2018), indicating once more
the need for a better pan-European registry.

Concerning treatment modalities, ICSI remains the most com-
monly used technique with a trend to stabilization of its use over
the last few years (Table 1 and Fig. 1). FET is the second most
employed technique. Over the years, higher proportions of FET
treatment cycles [FET/(FET + ICSI + IVF)] were recorded and
have now reached a relatively stable level (36.3% in 2019 and
35.5% in 2018). Higher proportions of FET treatment cycles were
observed in other large registries (De Geyter et al, 2020b).
However, the proportion of FET cycles varies considerably among
countries with complete data sets (ranging from 10.9% to 60.8%)
highlighting the considerable variability in practices. This is also
observed for freeze-all cycles (Supplementary Tables S5 and S6)
reported since 2014, with an overall proportion of 12.7% (11.4% in
2018) per aspiration (oocytes and embryos together) for IVF and
17.3% (15.5% in 2018) for ICSI. However, these numbers also vary
among countries with proportions reaching as high as 61.0%
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(29.8% 1n 2018) and 61.9% (41.7% in 2018) for IVF and ICSI, respec-
tively. Initial studies showed that the freeze-all strategy could be
beneficial for subgroups of patients; however, the policy is being
more and more frequently used for all patient categories (Roque
etal., 2019).

This variability among countries should be considered when
interpreting the data, especially regarding the evolution of preg-
nancy and delivery rates after fresh IVF and ICSI cycles (per aspi-
ration) as well as after FET cycles (per thawing) over time
(Table 3 and Figs 2A and B and 3A and B). Indeed, the higher suc-
cess rates recorded with FET (per thawing) compared to fresh IVF
and ICSI (per aspiration), presented here for comparison with
previous reports, can be misleading. Several factors that may in-
fluence outcomes should be taken into account.

The PR per aspiration in IVF and ICSI seems to decrease over
time. This can be seen in Fig. 2. Obviously, fresh cycles (per aspi-
ration) can include cycles with no oocytes, cycles with failed fer-
tilization, failed embryo development, and freeze-all cycles.
Patients who benefit from embryo cryopreservation may even
have a better prognosis.

It should also be noted that recorded delivery rates per transfer
were comparable, but even higher after FET than after both IVF
and ICSI cycles. One of the explanations could be that more blas-
tocyst transfers were recorded in FET cycles (79%) as compared
to blastocyst transfers in fresh IVF and ICSI combined (53%).
Such observations, made in large data collection sets, play a cru-
cial role in identifying research questions and potential causes,
such as the influence of hormonal support on miscarriage rates
or neonatal outcomes in FET cycles (Zaat et al., 2021).

Cumulative delivery rates per cycle or per aspiration are better
outcome indicators to assess treatment effectiveness (De
Neubourg et al., 2016). However, so far, the EIM consortium is un-
able to calculate true cumulative delivery and live birth rates
since aggregated data are collected. As a result, the addition of
outcomes from fresh and FET cycles within the same calendar
year is used as a proxy indicator until a European cycle-by-cycle
registry can be established (De Geyter et al., 2023). When data
from 37 countries (36 countries in 2018) were included, an approx-
imated ‘cumulative’ delivery rate of 31.4% (32.3% in 2018) was
recorded during the 1-year period. The additional benefit derived
from FET cycles (compared to delivery rates from fresh embryo
transfers) varied widely, ranging from 1.9% to 53.4%, reflecting
most likely differences in freezing policies and indications.

Analyzing trends is important to inform the field about the
adoption of data-driven approaches from registries and to assess
subsequent modification of practices (Ferraretti et al., 2017; De
Geyter et al., 2020a). For instance, the dissemination of EIM data
sets increased awareness among professionals on the benefit of
reducing the number of embryos replaced per transfer (Fig. 4A)
to diminish multiple births (Fig. 4B). Consequently, most trans-
fers now involve the replacement of a single embryo (elective or
not) (55.4% of cycles versus 50.7% with single embryo replace-
ment in 2018). Simultaneously, the proportion of both twin and
triplet deliveries showed a small increase in 2019, although the
overall trend shows a decrease (Fig. 4B). Twin and triplet rates for
fresh IVF and ICSI cycles combined were 11.9% (range 0-26.9)
and 0.3% (range: 0-3.8), respectively, while the corresponding
results for FET were 8.9% and 0.1%.

In the future, it is expected that efforts will lead to the ultimate
objective of achieving the birth of a single healthy child per embryo
transfer and thereby reducing the risks associated with multiple
births, such as prematurity (Fig. 5) (Land and Evers, 2003).

To promote singleton pregnancies through elective single em-
bryo transfer and to reduce the time to pregnancy, embryo cul-
ture is often prolonged to the blastocyst stage. However, the
benefit of blastocyst stage transfers on ART outcomes is still a
matter of debate (Practice Committee of the American Society for
Reproductive Medicine and Practice Committee of the Society for
Assisted Reproductive Technology, 2018; Glujovsky et al., 2022).
In a multicenter randomized controlled trial in good prognosis
IVF patients (>4 available embryos), the live birth rate after fresh
embryo transfer was higher in the blastocyst-stage group than in
the cleavage-stage group (P=0.035); however, a blastocyst-stage
transfer policy did not, in this study, result in a significantly
higher cumulative live birth rate compared to a cleavage-stage
transfer policy (Cornelisse et al., 2023).

When analyzing the developmental stage of the replaced em-
bryos, the data showed that PRs for blastocyst transfers were
higher compared to cleavage-stage embryos (39.4% versus 26.5%,
respectively) in fresh IVF and ICSI cycles combined. In FET, the
rates were 40.5% for blastocyst transfers versus 26.9% for
cleavage-stage embryos. However, it is important to note that
while blastocyst transfers result in higher pregnancy and live
birth rates per transfer, they also result in lower numbers of em-
bryos available for transfer. This highlights the importance of true
cumulative outcome parameters. Unfortunately, the available
data did not include the assessment of the time to pregnancy.

In addition to multiplicity and prematurity, other safety
aspects of ART also remain underreported, among these the rate
of complications for OHSS (0.16%, similar to 0.17% in 2018) and
an incidence of all other complications being registered at 0.15%
(0.14% in 2018). Reports on maternal deaths related to ART are
even scarcer, with a best estimate of six maternal deaths per
100 000 IVF treatments directly related to IVF in a national cohort
from The Netherlands, where OHSS and sepsis were the major
causes (Braat et al., 2010). It is noticeable that two maternal
deaths after ART were registered in 2019 (Supplementary Table
S16), both caused by pulmonary embolisms. At least one case
was associated with OHSS.

Furthermore, while the age of recipients in ED cycles did not
significantly affect the outcome of the cycle, risks associated
with pregnancies in older women should not be overlooked as a
potential safety aspect of the treatment. Indeed, a survey on the
legislation and reimbursement aspects has shown that some
countries do not have age limitations for recipients in ED cycles
(Calhaz-Jorge et al., 2020).

The crucial role of registries in MAR activities regarding out-
come parameters and safety is well established (De Geyter et al.,
2016; Kissin et al., 2019). The EIM data are also incorporated in
the annual report of the worldwide IVF register from the
International Committee for Monitoring Assisted Reproductive
Technologies (Chambers et al., 2021).

To enable reliable comparisons of practices and to identify the
safest and most efficient care, it is essential to enhance the qual-
ity of collected data and strive to complete and harmonized data
throughout Europe. Besides the establishment of clear definitions
of registered items, providing the countries and competent au-
thorities with an adapted IT solution should be the next priority.
The European monitoring of Medically Assisted Reproduction
(EuMAR) aims to develop a pan-European registry of prospective
cycle-by-cycle data on the use and outcomes of MAR treatments
(De Geyter et al., 2023). EUMAR addresses the need for more
transparency, surveillance, and biovigilance in MAR across coun-
try borders, including better data on the safety of MAR for
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offspring, donors, and recipients. These efforts align with the re-
vision of the EU Directives on blood, tissues, and cells.

Supplementary data

Supplementary data are available at Human Reproduction online.
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Appendix

Contact persons who are collaborators and represent the data
collection programs in participating European countries, 2019.
All participating centers are listed in Supplementary Data File S1.

Albania

Prof. Orion Gliozheni, Department of Obstetrics & Gynecology,
University Hospital for Obstetrics and Gynecology, Bul.B.Curri,
Tirana, Albania. Tel: +355-4-222-36-32; Mob: +355-68-20-29-313;
E-mail: glorion@abcom.al

Armenia

Mr Eduard Hambartsoumian, Fertility Center, IVF Unit, 4 Tigvan
Nets, 375010 Yerevan, Armenia. Tel: +374-10-544368; E-mail:
hambartsoumian@hotmail.com

Austria

Prof. Dr Heinz Strohmer, Dr Obruca & Dr Strohmer Partnerschaft
Goldenes Kreuz-Kinderwunschzentrum, Lazarettgasse 16-18,
1090 Wien, Austria. Tel: +43-401-111-400; E-mail: heinz.
strohmer@kinderwunschzentrum.at

Belarus

Dr Elena Petrovskaya (Alena Piatrouskaya), ART Centre
“Embryo”, Filimonova 53, 220053 Minsk, Belarus. Tel: +375-293-
830-570; E-mail: elenaembryoby@gmail.com

Dr Oleg Tishkevich, Centre For Assisted Reproduction “Embryo”
Belivpul, Filimonova Str. 53, 220114 Minsk, Belarus. Tel: +375-
296-222-722; Mob: +375-296-222-722; E-mail: tishol@tut.by

Belgium

Prof. Dr Diane De Neubourg, Antwerp University Hospital—UZA,
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