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Abstract

Objective: To assess changes in caesarean section (CS) rates in Europe from 2015 to
2019 and utilise the Robson Ten Group Classification System (TGCS) to evaluate the
contribution of different obstetric populations to overall CS rates and trends.
Design: Observational study utilising routine birth registry data.

Setting: A total of 28 European countries.

Population: Births at >22 weeks of gestation in 2015 and 2019.

Methods: Using a federated model, individual-level data from routine sources in
each country were formatted to a common data model and transformed into an-
onymised, aggregated data.

Main Outcome Measures: By country: overall CS rate. For TGCS groups (by coun-
try): CS rate, relative size, relative and absolute contribution to overall CS rate.
Results: Among the 28 European countries, both the CS rates (2015, 16.0%-55.9%;
2019, 16.0%-52.2%) and the trends varied (from —3.7% to +4.7%, with decreased rates
in nine countries, maintained rates in seven countries (<+0.2) and with increasing
rates in 12 countries). Using the TGCS (for 17 countries), in most countries labour
induction increased (groups2a and 4a), whereas multiple pregnancies (group 8) de-
creased. In countries with decreasing overall CS rates, CS tended to decrease across
all TGCS groups, whereas in countries with increasing rates, CS tended to increase
in most groups. In countries with the greatest increase in CS rates (>1%), the ab-
solute contributions of groups 1 (nulliparous term cephalic singletons, spontaneous
labour), 2a and 4a (induction of labour), 2b and 4b (prelabour CS) and 10 (preterm
cephalic singletons) to the overall CS rate tended to increase.

Conclusions: The TGCS shows varying CS trends and rates among countries of
Europe. Comparisons between European countries, particularly those with differing
trends, could provide insight into strategies to reduce CS without clinical indication.

KEYWORDS
caesarean birth, Europe, health information systems, perinatal health indicators, Robson classification,
Ten Group Classification System
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1 | INTRODUCTION

Worldwide, caesarean section (CS) rates have increased over
the past few decades and are expected to continue to increase
over the next decade.! Although CS is a necessary interven-
tion in certain circumstances, the associated increased risks
of maternal and neonatal morbidity and mortality raise con-
cern for the potential overuse of CS in some countries/re-
gions.' In contrast to overall increasing trends, evidence now
points to some levelling off of CS rates in parts of Northern
and Western Europe."? Despite their geographic and cul-
tural proximity, European countries differ greatly in over-
all CS rates (16.1% in Iceland vs 56.9% in Cyprus),’ and in
CS trends, maternal characteristics,” culture and healthcare
policy, making regional comparisons of interest for the ef-
forts to optimise the use of CS.

The Robson Ten Group Classification System (TGCS),”
recommended by the World Health Organization for com-
parisons between hospitals,*” has further been recom-
mended for making meaningful comparisons of CS rates
among European countries.® Briefly, the TGCS categorises
all deliveries into 10 (or 12, in an expanded version) mutu-
ally exclusive groups based on parity, previous CS, labour
onset (spontaneous, induced, prelabour CS), fetal presenta-
tion/lie (cephalic, breech, transverse), singleton or multiple
pregnancy and gestational age (term, preterm). In previ-
ous analyses, as well as differences in the overall CS rates
among European countries, differences were also found in
group-specific CS rates, particularly for women with a pre-
vious CS, with breech presentation, or with preterm birth.
These variations were noted even in countries with similar
overall CS rates, pointing to possible differences in obstetric
practice and the organisation of maternity care.>® However,
trends over time were not analysed in this prior analysis.

Given the wide differences related to CS usage/trends
among European countries, despite their commonalities, in-
depth comparisons between countries can provide insight
into the drivers of changes in CS rates and inform policies to
promote the optimal use of CS. Therefore, the objectives of
this study were to assess longitudinal changes in the overall
CS rates in countries across Europe, from 2015 to 2019, and
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to use the Robson TGCS to compare changes in each obstet-
ric group in population size, CS rate, and their absolute and
relative contribution to overall CS rates.

2 | METHODS

2.1 | Datasources

Data come from the Euro-Peristat Network, a European
research network for the surveillance and evaluation of
maternal and newborn health in Europe. Established in
1999 as part of the European Union's Health Monitoring
Programme, the network is comprised of clinicians, epide-
miologists and statisticians from the 27 EU member states
and Iceland, Norway, Switzerland and the UK (with Eng-
land, Wales, Northern Ireland and Scotland providing data
separately), for 34 participating countries/nations in total.
Euro-Peristat has periodically collected routine data on 10
core and 20 recommended perinatal indicators from birth
registries, hospital discharge data, vital statistics, civil reg-
istration and cause-of-death statistics to produce European
perinatal health reports.>'

The analysis described here used data collected by the
Euro-Peristat Network as part of the Population Health
Information Research Infrastructure (PHIRI) project (Eu-
ropean Union's Horizon 2020 Research and Innovation pro-
gramme; grant agreement no. 101018317). Using a federated
model, individual-level data maintained by representatives
from each country (data sources included in Table S1) were
formatted into a common data model and transformed by
implementing R scripts developed by INSERM/Euro-Peristat
to anonymised, aggregated data, and then transferred to
the Euro-Peristat coordination team."" The common data
model is available from https://zenodo.org/record/7639001
and the R scripts are available from https://zenodo.org/recor
d/6936870. Data outputs were reviewed and verified by rep-
resentatives from each country and the Euro-Peristat coor-
dination team to ensure the completeness and accuracy of
the data. As only country-level aggregate data were utilised,
informed consent was not required.
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2.2 | Study population

Data for all stillbirths and live births at 222 weeks of gesta-
tion, or weighing 500g or more, if the gestational age was
missing, were requested from Euro-Peristat Network coun-
try teams from 2015 to 2020. For the initial analysis of over-
all trends in Europe, all participating countries providing
information on mode of delivery for 2015 and 2019 were
included. For the subsequent analyses, countries providing
data necessary to implement the TGCS for 2015 and 2019
(or for at least a 4-year period, such as 2016 and 2019 or 2015
and 2018), and with less than 20% of data missing (TGCS
group X, unable to classify), were included. As the mode of
delivery may have been impacted by the COVID-19 pan-
demic, 2020 was not included in this analysis of trends."?

2.3 | Variables
Euro-Peristat reports CS rates as the percentage of liveborn
and stillborn births with known mode of delivery, in other
words baby-based CS rates. For countries able to produce the
TGCS, aggregated tables were produced that included the
total number of CSs and the total number of births in each
subgroup. As the TGCS is intended for use with data based
on numbers of women giving birth, in group8 (multiple
births) the totals were divided by two, as in previous work.’
The overall CS rates were then calculated based on percent-
ages of women with known mode of delivery delivering live-
born and stillborn babies by CS (woman-based CS rates).
The TGCS subgroups were defined using Euro-Peristat
indicator definitions. Data included parity (nulliparous, mul-
tiparous), previous CS (yes, no) for multiparous women, fetal
presentation/lie (cephalic, breech, transverse/oblique), plural-
ity (singleton, multiple pregnancy) and gestational age (term,
>37 weeks of gestation; preterm, <37 weeks of gestation). The
onset of labour was defined as spontaneous, induction of la-
bour (initiation of contractions prior to the onset of labour by
medical or surgical means) or prelabour/elective CS (before
the onset of labour, including elective CS; all emergency CSs
were considered CSs during labour, as previously).’

2.4 | Statistical analysis

The overall CS rate (proportion of all stillbirths and live
births) was determined for each country, for 2015 and 2019.
Then, for eligible countries, the TGCS was applied. That s, for
each TGCS subgroup, its relative size = (number in subgroup/
total births)x 100, CS rate=(number of CSs in subgroup/
number of births in subgroup)x 100, and absolute =(num-
ber of CSs in subgroup/total births) x 100 and relative con-
tribution = (absolute contribution/overall CS rate) x 100 to the
overall CS rate were determined. To calculate trends, absolute
differences in relative size, CS rate and absolute contribution
to CS rate (with 95% CI) from 2015 to 2019 were calculated.
Results are reported as absolute changes in these percentages.

For example, for a CS rate of 32.0% in 2015 and 30.0% in 2019,
the change is reported as —2.0 percentage points.

A previously published Excel file was utilised to perform
these statistical analyses and provide country-specific stan-
dard TGCS tables."” To help summarise/interpret the data,
countries were ranked by the size of their change in overall
CS rate from 2015 to 2019. Data quality and misclassification
were evaluated by examining the relative size of CS rates in
groups9 and 10."

We used R (R Foundation for Statistical Computing, Vi-
enna, Austria) for the initial data compilation, validation
and management, with some data management performed
using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

2.5 | Patient participation
Neither maternity service users nor other members of the
public were involved in the study.

2.6 | Core outcomes sets

The Robson TGCS represents part of the core outcome sets."”

3 | RESULTS

Of the Euro-Peristat network participants detailed in
Table S2, two countries did not provide data in the PHIRI
project (Bulgaria and Greece), and four countries partici-
pated in PHIRI but could not provide data on mode of
delivery (Portugal, Romania, Switzerland and England
(UK)). Therefore, 28 countries/nations (including three
UK nations: Northern Ireland, Scotland and Wales) were
included in the initial analysis of overall CS trends. Of
these, 11 were unable to implement the TGCS. Therefore,
17 countries, including two UK nations, were included in
the TGCS analysis: Belgium, Cyprus, Estonia, Finland,
Germany, Iceland, Italy, Latvia, Luxembourg, Malta,
Northern Ireland (UK), Norway, Slovenia and Sweden,
with some including alternative time periods as a result
of data availability/misclassification issues (Czech Repub-
lic, 2016, 2019; Denmark, 2015, 2018; Scotland (UK), 2016,
2019).

CS rates varied among European countries between
2015 and 2019 (Table 1), with the lowest rates observed in
Finland (16.0% in 2015) and Norway (16.0% in 2019), and
with the highest rate observed in Cyprus (55.9% in 2015
and 52.2% in 2019). Trends in CS rates from 2015 to 2019
also varied, ranging from —3.7 to +4.7 percentage points,
with decreasing rates in nine countries, with fairly level
rates in seven countries (with a change of no more than
+0.2 percentage points) and with increasing rates in 12
countries.

Detailed information on the TGCS for 2015 and 2019 for
each country is provided in Appendix S1. In most countries,
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the relative size of TGCS groups2 and 4 (nulliparous or mul-
tiparous [respectively], term cephalic singletons, with in-
duced labor or prelabour CS) increased from 2015 to 2019
(Table 2), with increases specifically noted in groups2a and
4a (those with induced labour). In most countries, the relative
size of group 8 (multiple pregnancies) decreased or remained
the same from 2015 to 2019. The relative size of group 10
(preterm cephalic singletons) decreased or remained similar
in most countries except in those with the biggest increases
in CS rates (over 1.0%). Notably, in Cyprus, rates were rela-
tively high both years (7.8% in 2015 and 7.4% in 2019), com-
pared to around 5.0% or less in other countries.

Among countries with decreasing overall CS rates, the
CS rates within most subgroups tended to decrease, whereas

TABLE 1
country with highest increase.

2015
Total births® CS rate (%)
Cyprus 9172 55.9
Ttaly 455865 35.8
Czechia” 103525 26.1
Luxembourg 6737 31.8
Lithuania 29019 21.9
Denmark” 58337 20.8
Spain 421599 26.6
Slovakia 55816 31.1
Germany 725766 32.3
Iceland 4026 16.3
Malta 4386 31.0
Norway 58745 16.1
Estonia 13732 18.8
Belgium 118120 20.8
The Netherlands 160855 17.3
France 764085 20.7
Sweden 115248 17.4
Austria 83884 29.7
Latvia 21507 21.5
Slovenia 19952 20.4
Poland 367802 429
Finland 55011 16.0
Wales, UK 24881 25.9
Northern Ireland, UK 24198 29.5
Hungary 90080 38.8
Scotland, UK" 53791 318
Ireland 65912 31.3
Croatia 37435 21.6
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in countries with increasing overall CS rates, the CS rates
within most subgroups tended to increase, particularly in
countries with the biggest overall changes (+1.0%) in CS
from 2015 to 2019 (Table 3).

In line with the increases in relative size, the absolute
contribution of TGCS groups2a and 4a (nulliparous or mul-
tiparous, term cephalic singleton, with induced labour) to
the overall CS rates increased, particularly in countries with
higher increases in overall CS rates (Table 4). In addition, the
absolute contribution of groups 1 (nulliparous, term cephalic
singleton, with spontaneous labour) and 10 (all preterm ce-
phalic singletons) to overall CS rates increased in countries
with the greatest increases in overall CS rates but decreased
in countries with the greatest decreases in overall CS rates.

Change in overall caesarean section (CS) rates in European countries from 2015 to 2019, listed from country with highest decrease to

2019
Absolute change in CS

Total births® CS rate (%) rate (2015 vs 2019)
9569 52.2 -3.7
393850 334 2.4
104409 23.8 -2.3
7070 29.5 —2.3
24796 20.9 -1.0
60009 19.8 -1.0
361755 25.7 -0.9
57276 30.1 -0.9
763793 31.8 -0.5
4385 16.2 -0.1
4381 30.9 -0.1
54390 16.0 -0.1
13680 18.8 0.0
113816 20.9 0.1
158226 17.4 0.1
716752 20.9 0.2
114574 17.7 0.3
84429 30.0 0.3
18459 22.0 0.5
18909 21.3 0.8
369391 44.4 1.4
45279 17.5 1.5
28966 28.3 2.4
22314 32.2 2.6
87409 41.5 2.7
48139 349 3.1
59592 34.8 3.5
36637 26.2 4.7

Note: Entries set in bold indicate countries (and years) that were included in the Robson analysis. Some discrepancies arise from rounding.

*The overall CS rate is presented following Euro-Peristat conventions as the number of liveborn and stillborn babies (birth-based rate); the Robson classification uses the

number of women delivering a liveborn or stillborn baby (woman-based rate).

PCzech Republic 2016 data used for subsequent Robson analysis, as this was the first year Robson data became available; Denmark uses 2018 for Robson analysis and Scotland

uses 2016, as explained in the methods section.
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Despite this, the absolute contribution of group5 (previous
CS, term cephalic singletons) increased in most countries.
In most countries, regardless of the overall trend in CS, the
contribution of group8 (multiple pregnancies) decreased
slightly.

For countries included in the TGCS analysis, the avail-
ability (Table S2), quality and completeness of the data
varied. Examining Robson groups indicative of data qual-
ity/misclassification, the relative size of groupX (unable to
classify) was generally small (less than 5%), except in Scot-
land (UK) (17.9% in 2016 and 12.3% in 2019). Suggestive of
misclassification, the relative size of group9 (singletons in
transverse or oblique lie, expected to be 1%)'* was over 2% in
Belgium, Estonia, Finland and Scotland (UK) in at least one
of the years examined, with lower than expected CS rates
(100%),"* as also observed in other countries (<85%, Latvia
and Northern Ireland (UK))."

4 | DISCUSSION

4.1 | Main findings

We found wide variation in CS rates and in trends among
the overall CS rates from 2015 to 2019, with decreasing rates
in roughly a third of the countries. Just 17 of the 28 coun-
tries that could provide the data for overall CS rates could
provide the data necessary to construct the Robson TGCS
subgroups, with varying data completeness and quality.
In these countries, the percentage of nulliparous and mul-
tiparous women with term cephalic singleton pregnancies
with induced labour (groups 2a and 4a, respectively) and
the absolute contribution of these groups to the overall CS
rates increased, whereas the size and contribution of group 8
(multiple pregnancies) decreased. In countries with decreas-
ing overall CS rates, the CS rates tended to decrease in all
TGCS groups, whereas in countries with increasing overall
CS rates, the CS rates tended to increase in all TGCS groups.
In countries with the biggest changes in overall CS rates,
the absolute contribution of groups1 (nulliparous, term ce-
phalic singletons, spontaneous labour) and 10 (all preterm
cephalic singletons) tended to show corresponding increases
or decreases.

4.2 | Strengths and limitations

Euro-Peristat benefits from an established network of ex-
perts to assemble routinely collected data from across Eu-
rope, with stringent quality assurance and control. Given the
collaborative spirit of the network, members provided rou-
tinely collected birth data that gave a valuable insight to un-
derstanding the CS trends in their countries. As CS rates are
increasing in most parts of the world, this analysis provides
a unique opportunity to conduct an in-depth analysis of CS
trends in countries where rates are decreasing or remain
level, to compare with countries where rates are increasing.
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Encouragingly, compared with the previous Euro-Peristat
analysis using 2015 data,” additional countries were able to
implement the TGCS for at least a 4-year time period (Czech
Republic, Scotland (UK) and Wales (UK)), and others have
become able to do this more recently (Lithuania in 2017 and
Slovakia in 2018).

Although data required for the TGCS are routinely col-
lected in hospital records, the data collected in the PHIRI
project were largely drawn from vital statistics/routine data
sources. As a result, in many countries it was not possible to
implement the TGCS, which we previously found was asso-
ciated with higher CS rates.” Indeed, several countries with
the highest CS rates in 2015 (Bulgaria, 43%, in 2014; Greece,
approx. 50%; Romania, 46.9%; Switzerland 34.2%, in 2014)
were unable to implement the TGCS for this analysis,” which
is a potential source of bias. Compared with the TGCS anal-
ysis conducted using only 2015 data,” several countries could
not provide the data necessary to analyse births according to
the TGCS used in this study (France, due to previous data
provided from a routine survey carried out every 5years; the
Netherlands, due to temporary changes to data; Switzerland,
due to delivery mode not linked in data hub)."!

Additionally, as discussed extensively in a previous Euro-
Peristat article,” the use of routine data sources may lead to
misclassification, particularly for fetal presentation (as ob-
served based on results for group9), labour onset and prior
CS. Countries differ in classifications for prelabour/intra-
partum/emergency CS and for labour induction/augmenta-
tion, which implies some heterogeneity of the corresponding
TGCS groups between countries.

As the data were originally collected for individual births,
we divided this number by two to approximate the number
of women in group8, leading to some misclassification of
triplet and higher-order pregnancies. Further, our woman-
based CS rates for the TGCS analysis could differ from those
of other sources, including Euro-Peristat reports,*'® which
use birth-based rates. Differences between our estimates
and those of other data sources are also possibly depen-
dent on the treatment of multiple births (we estimated this
by dividing by two, meaning that triplets and higher-order
births would be misclassified) and missing data (imputing
or excluding the group X category), but these differences are
likely to be minimal. Given the small numbers of births in
some countries (Cyprus, Luxembourg, Malta and Iceland)
and low proportions of women in some TGCS groups (in
particular group9), some changes noted could have arisen
from random fluctuations. Finally, using the TGCS does not
allow in-depth investigations into the reasons for changes in
CS rates or the exploration of other characteristics that may
result in differences between countries, such as maternal age
at delivery or body mass index (BMI).

4.3 | Interpretation

In line with our previous findings,” many European coun-
tries remained unable to implement the Robson TGCS using
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routinely collected data, including some with the highest
CS rates. Further, in the current study, the biggest decreases
in CS rates were noted in countries able to implement the
TGCS, whereas the highest increases were noted in coun-
tries that could not. The positive association between TGCS
implementation and improvements in CS rates could be
indicative of a country's investment in evidence-based best
practices for mode of delivery.” Continued efforts are neces-
sary, from professional and legislative bodies, to improve the
collection of these data to provide a common structure to
evaluate CS use, as well as to evaluate other perinatal events.

In contrast to the rising CS rates worldwide over the past
several decades,”® we found decreasing or relatively level
rates in most European countries. Previously, a decrease in
CS rates has only been reported in Japan,”” and in North
America (Canada and the USA)." Although a previous study
suggested that CS rates in Northern and Western Europe
may be levelling off,' several countries with the highest in-
creases in our study were from Northern Europe (in North-
ern Ireland, Scotland and Wales in the UK, and in Ireland).
Other geographic patterns were not evident in our findings,
potentially because of differences in the countries included,
with Eastern and Southern Europe (based on their classi-
fication) less well represented in our study, and the shorter
period evaluated. In most countries with the highest rates in
2015, the CS rates decreased or were relatively level in 2019
(six of the 10 countries with initial rates above 30%). Notably,
though, several countries with the highest initial levels also
had relatively large increases in CS rates (Hungary, Scotland
(UK), Ireland: 2.7%-3.5%). In most countries with lower ini-
tial rates (<20%), the CS rates were relatively level, although
Finland, with the lowest initial CS rates, had an increase of
1.5%.

In most European countries with data for the TGCS, the
relative size of groups2a and 4a (nulliparae or multiparae
with singleton, cephalic, term births and induced labour)
increased. Although induction rates had been increasing
over the previous decades,”” " a randomised controlled
trial published in 2018 (ARRIVE), conducted in the USA in
low-risk nulliparas, found that elective induction of labour
at 39 weeks of gestation lowered the CS rates but did not in-
crease adverse perinatal outcomes.”” Based on these find-
ings, professional bodies concluded that offering the elective
induction of labour for this population is reasonable under
certain circumstances,”’ sparking off debates on universal
induction of labour at 39 weeks of gestation,"® and seemingly
accelerating increasing trends in induction rates,'® as also
suggested in our data.

Although ARRIVE found no increase in CS rate with la-
bour induction,*® our analysis found that the induction sub-
groups contributed to absolute increases in overall CS rates,
because of their increasing size. In the case of countries with
the biggest increases in CS rates (Finland, Northern Ireland
and Scotland [UK]), the increasing use of CS in these sub-
groups coupled with their increasing size led to notable in-
creases in the absolute contribution of these groups to the
overall CS rate. The CS rate for group4a is generally 4%-6%,*

which was exceeded in many countries in 2019 with high over-
all CS rates (Cyprus, Northern Ireland and Scotland [UK]) or
increasing rate (Northern Ireland and Scotland [UK]), as well
as others (Germany). However, solely based on this ecological
analysis, understanding the potential causal impact of increas-
ing labour induction on CS use is challenging, and warrants
further study in general European obstetric populations. In
countries with decreasing overall CS rates, increases in the size
of groups2a and 4a (nulliparas and multiparas, term cephalic
singletons, with induced labour) occurred in conjunction with
decreases in the size of groups2b and 4b (nulliparas and mul-
tiparas, term cephalic singletons, with prelabour CS). These
could be interpreted positively as a shift from prelabour CS to
induction without increasing the CS rates in groups2a and 4a
in these countries.””

The differences between ARRIVE and our study are nu-
merous (for example, with older and thinner obstetric pop-
ulations, differing sociocultural environments, and differing
healthcare systems and insurance in Europe).”* The CS rates
in ARRIVE were also relatively low of 18.6% (labour induc-
tion) and 22.2% (expectant management), and may not reflect
clinical practice outside a clinical trial, which enrols specific
populations and is carried out in academic settings.*’

The link between changes in overall CS rates in groups 1
(nulliparous, term cephalic singletons, with spontaneous
labour) and 10 (all preterm cephalic singletons) with their
absolute contribution is also of note. As women in group1
will move to the higher risk group 5 in subsequent pregnan-
cies, ensuring the appropriate use of CS in this group is vital
to maintaining low or decreasing CS rates in the near fu-
ture. Additionally, given the risks of preterm birth for the
neonate,”*¢ the appropriate management of group 10 is
essential.

Across Europe, similarities were noted in the groups
driving trends in the countries with the greatest and small-
est decrease in CS rates. Conversely, in Japan, the decreasing
CS rates were attributed to decreases in the contributions
of groups 1, 2a and 5," whereas in our study the strongest
contributors to the decreases in countries with the greatest
decreases were from groups1, 2b (and correspondingly 2),
4b (and correspondingly 4) and 10, suggesting differences in
the underlying drivers of the decreases in CS rates. Given the
myriad of differences in culture and policy (also reflected
in the differences in CS rates for breech deliveries, groups 6
and 7), it is not surprising that different factors underlie the
decreases and point to the need to formulate policies specific
to the needs of a given population.

5 | CONCLUSION

In Europe, between 2015 and 2019, CS rates and trends varied
widely across countries. In contrast to worldwide trends over
the past several decades, CS rates decreased in some Euro-
pean countries, with greater decreases generally in countries
able to implement the Robson TGCS. Given the importance
of reducing the numbers of CSs performed without clinical
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indication, stakeholders should continue to promote policies
aimed at their reduction. Given the divergent trends, a thor-
ough and transparent evaluation of CS rates and trends, in
light of countries' policies, could inform these strategies.
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