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Abstract

Objective

The Robson ten group classification system is used as a global standard for assessing,

monitoring and comparing caesarean delivery (CD) rates within and between maternity ser-

vices. Our objective was to compare the changes of CD rates at our institution between the

years 2008–2010 and 2017–2019 using the Robson ten group classification system.

Study design

Data was collected retrospectively and all women were classified using the obstetric con-

cepts and parameters described in the Robson ten group classification system.

Results

During 2008–2010 7,832 deliveries were performed, increasing to 9,490 in 2017–2019. The

CD rate also increased from 29.1% to 32.2% (p<.05) during this 10 year period.

In both observed periods group 5 (single cephalic multiparous women at term with a pre-

vious CD) was the largest contributor to the overall CD rate accounting for 20.2% of all CD

during 2008–2010 and increasing to 26.9% in 2017–2019 (p<.001). The overall size of

group 5 also increased from 8.3% to 11.6% (p<.001). Furthermore, an increase in CD rate in

group 7 (multiparous women with a single breech pregnancy, including women with a uter-

ine scar) from 92.9% to 98.2% (p = .752) could be observed. In group 8 (women with multi-

ple pregnancies, including women with a uterine scar) a slight shift towards vaginal delivery

(VD) can be reported with CD rates decreasing from 82% to 79.2% (p = .784). There was no

observed difference with CD rates in group 1 although the group size decreased from 29.4%

in 2008–2010 to 24.2% in 2017–2019 (p<.001). The CD rate in group 10 experienced a

slight elevation, in 2008–2010 46.2% were delivered per CD and in 2017–2019 48.8% (p =

.553). The overall size of group 10 decreased, contributing 8.9% in 2008–2010 and 8% in

2017–2019 (p<.05) to the overall birthrate.
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Conclusion

The biggest contributors to the CD rate in our hospital remain multiparous women at term

with a previous CD. The CD rates, as well as the overall size of this group, keep rising,

resulting in a need to establish more effective ways to motivate women with one previous

CD towards vaginal birth after caesarean delivery (VBAC). Furthermore, the CD rate in pre-

term deliveries is increasing and approaching 50%. This illustrates the need to discuss

whether CD is the appropriate mode of delivery in half of the preterm infants.

Introduction

Caesarean delivery is one of the most common surgical procedures in medicine. Initially devel-

oped as an emergency, lifesaving procedure its use has expanded dramatically in the last

decades all over the world. Optimized technique and low morbidity and mortality rates

resulted in a rising number of indications [1].

The reported continuously increasing rates of caesarean delivery (CD) have multifactorial

reasons and are associated with changes in maternal characteristics and professional practice

styles, increasing malpractice pressure, as well as social and cultural factors [2,3].

Due to worldwide increasing CD rates obstetricians are being faced with a number of

short- and long-term complications which especially become relevant in multiparous women

with 1 or more CD [4].

Differences between low- and high-income countries are still present, resulting in low-

income countries demonstrating significantly lower CD rates than the world average.

A recent analysis by Betran et al [2] established a worldwide CD rate of 18,6% in 150 coun-

tries. In contrast in Europe 25% of all deliveries are being done per caesarean delivery [2].

Since the benefit of reducing maternal, neonatal and infant mortality at CD rates higher

than 10–15% is yet to be proven, the indications should be considered carefully. In 2015 WHO

has recommended the Robson classification as an internationally applicable caesarean delivery

classification system for hospitals to regularly control the effect of their actions taken to opti-

mize the use of caesarean delivery as well as to identify, analyse and focus interventions on spe-

cific groups [5].

The ten group classification system introduced by M. Robson in 2001 classifies women into

10 groups based on 5 characteristics: number of foetuses, foetal presentation, parity, onset of

labour, and gestational age [6].

The aim of this study was to analyse changes of caesarean delivery rates at our department

for obstetrics during the years 2008–2010 and 2017–2019 and to categorize them into the ten

group classification system. The results should help us to determine which patients are the

leading contributors to rapidly rising CD rates, as well as motivate us to develop strategies how

to prevent a further increase in the future.

Material and methods

This retrospective study analyses a data set of 7832 births that took place between 1st January

2008 to 31st of December 2010, as well as 9490 births recorded from 1st January 2017 to 21st

November 2019 at the department of obstetrics of Medical University of Graz (MUG), Austria.

The study was reviewed and approved by the ethics committee of the Medical University of

Graz with the IRB number 00002556 before the study began. The committee waived the
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requirement for informed consent. With an average of 3500 deliveries per year the obstetrical

unit of the MUG is one of the biggest in Austria. Upon arrival at the ward the patient’s data is

automatically recorded and documented in a digital patient record system (View point, Ver-

sion 5.6., GE Healthcare, Solingen, Germany).

The View point database is a computer based system widely used in obstetric departments

in Austria for antepartum, intrapartum and postpartum documentation. A wide range of

motherly and foetal characteristics can be documented, as well as the labour process and the

postpartum period, including ultrasound images. On demand the characteristics of interest (in

our case: number of foetuses, foetal presentation, parity, onset of labour, gestational age)

recorded in a specific period of time, can be extracted from the record system. Before analysis

data was automatically fully anonymized. Each birth was assigned a number to assure anon-

ymization. All births that were missing one or more of the 5 needed characteristics were

excluded from the study. The births were categorized in 10 groups, additionally the groups 2,4

and 5 were subcategorized in 2 subgroups as proposed by Robson (Table 1).

The CD rate was calculated by dividing the number of CD in each group over the total

number of births in this particular group. Group size was determined as the number of births

in one group divided with all births in the observed time period. Results are shown as

percentage.

The statistical analysis was performed with IBM SPSS Statistics for Windows, Version 26

(IBM Corp., Armonk, N. Y., USA). For the comparison of the two time periods the Chi Square

Test was performed. P-Values <.05 were labelled as significant.

Table 1. The ten group classification system.

1 Nulliparous women with a single vertex pregnancy, at�37 weeks gestation in spontaneous labour

2 Nulliparous women with a single vertex pregnancy, at�37 weeks gestation, who had labour induced or who

had CD before labour

2a Nulliparous women with a single vertex pregnancy, at�37 weeks gestation, who had labour induced or who

had CD before labour

2b Nulliparous women with a single vertex pregnancy, at�37 weeks gestation, who had CD before labour

3 Multiparous women, without a uterine scar, with a single vertex pregnancy at �37 weeks gestation in

spontaneous labour

4 Multiparous women, without a uterine scar, with a single vertex pregnancy at �37 weeks gestation, who had

labour induced or who had CD before labour

4a Multiparous women, without a uterine scar, with a single vertex pregnancy at �37 weeks gestation, who had

labour induced

4b Multiparous women, without a uterine scar, with a single vertex pregnancy at �37 weeks gestation, who had

CD before labour

5 Multiparous women, with at least one previous uterine scar with a single vertex pregnancy at �37 weeks

gestation

5a Multiparous women, with one previous uterine scar with a single vertex pregnancy at�37 weeks gestation

5b Multiparous women, with more than one previous uterine scar with a single vertex pregnancy at �37 weeks

gestation

6 All nulliparous women with a single breech pregnancy

7 All multiparous women with a single breech pregnancy, including women with a uterine scar

8 All women with multiple pregnancies, including women with a uterine scar

9 All women with a single pregnancy with a transverse or otherwise abnormal presentation, including women

with a uterine scar

10 All women with a single vertex pregnancy at < 37 weeks gestation, including women with a uterine scar

Introduced by M.Robson in 2001 and recommended by the WHO in 2015 for analysing caesarean delivery rates.

https://doi.org/10.1371/journal.pone.0240475.t001
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Results

In 2008–2010, 7832 of 7992 births were eligible for analysis, during 2017–2019 9490 of 10035

met the criteria. In the first period in 2% and in the second period in 5.4% data was incomplete

and therefore excluded. (Tables 2 and 3).

The largest number of births per group was observed in groups 1,2 and 3, accounting for

66.7% in 2008–2010 and 62.6% in 2017–2019 (Fig 1).

Group 1 overall decreased in size attributing for 29.39% in 2008–2010 and only 24.2% in

2017–2019 (p<.001). Furthermore, more births were observed in Group 2 with 12.78% vs.

14.84% (p<.001). Both subgroups significantly increased from 11.68% to 13.35% (p<.05) in

group 2a, as well as from 1.1% to 1.5% in 2b (p<.001).

A significant increase in birthrate in Group 5 was observed rising from 8.3% to 11.6%

(p<.001).

The birthrate in group 10 decreased with 8.9% in 2008–2010 vs. 8% in 2017–2019 (p<.05)

while the CD rate remained constant. (Fig 1).

The overall CD rate in 2008–2010 was 29.1% and in 2017–2019 32.2% (p<.05).

The largest contributors to the overall CD rate was in both observed periods Group 5

accounting for 20.2% and 26.9% of all procedures (p<.001). The CD rate in this group

increased from 70.9% to 74.9% (Fig 2).

Furthermore, the subgroup 5.1 (women with 1 previous CD) increased in size from 7.5% to

9.1% (p<.001), its CD rate remained constant 67.9% vs. 68.3% (Fig 3).

Group 2 was the second largest contributor to the overall CD rate with 16.8% vs. 17.7% in

2017–2019. Group 1 added 16.6% to the overall CD rate in 2008–2010 in contrast to 2017–

2019 where it accounted for only 11.7% (p<.001).

Group 10 also added a large part to the overall rate with 14.1% and 12.1% in 2017–2019. Its

group CD rate is slowly but continuously approaching 50%. (Fig 4).

Table 2. Birth data 2008–2010.

total births

n = 7832

total CD n = 2280

(29,11%)

Size of

group

CD rate in

group

Absolute group contribution to

overall CD rate

Relative Contribution of the group to

overall CD rate

1 2302 378 29.39% 16.42% 4.83% 16.58%

2 1001 382 12.78% 38.16% 4.88% 16.75%

2a 915 296 11.68% 32.35% 3.78% 12.98%

2b 86 86 1.10% 100% 1.10% 3.77%

3 1922 87 24.54% 4.53% 1.11% 3.82%

4 676 119 8.63% 17.60% 1.52% 5.22%

4a 613 56 7.83% 9.14% 0.72% 2.46%

4b 63 63 0.80% 100% 0.80% 2.76%

5 649 460 8.29% 70.88% 5.87% 20.18%

5.1 588 399 7.51% 67.86% 5.09% 17.50%

5.2 61 61 0.78% 100% 0.78% 2.68%

6 209 208 2.67% 99.52% 2.66% 9.12%

7 112 104 1.43% 92.86% 1.33% 4.56%

8 245 201 3.13% 82.04% 2.57% 8.82%

9 19 19 0.24% 100% 0.24% 0.83%

10 697 322 8.90% 46.20% 4.11% 14.12%

Collected data of all births and caesarean deliveries performed at the department of obstetrics at Medical University Graz in the years 2008–2010 analysed using the ten

group classification system by M. Robson.

https://doi.org/10.1371/journal.pone.0240475.t002
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Breech deliveries were only occasionally done in both time periods with decreasing num-

bers in the later period (9/321 vs. 3/463, p<.001). (Tables 2 and 3).

CD rates in women with multiple pregnancies (Group 8) decreased slightly from 82.04% vs.

79.18% without reaching significance (p = 0.784). (Fig 2).

Discussion

The number of all births in the observed periods show an overall increase of deliveries in the

municipality of Styria, Austria.

In the first period observed, the overall CD rate in our hospital was 29.1%. This rate is sub-

stantially higher than the worldwide rate with 18% and higher than the average European rate

of 25% established in 2016 [2]. In the following years the CD rate increased up to 32.2%. This is

consistent with rising CD rates in the whole country which reached a rate of 29.7% in 2017 [7].

The obstetric unit at MUG provides tertiary care for all high-risk pregnancies. The hospital

is housing the biggest neonatal care unit in the region resulting in the management and deliv-

ery of most early preterm births (>23 weeks). The care for these difficult cases is often multi-

disciplinary and not seldom ends with an indication for delivery that does not allow time for

labour induction. Therefore, a high CD rate is partially due to this patient population.

Our study showed that the three major contributors to the overall high CD rate in our hos-

pital were group 5, 2 and 1 in 2008–2010 and group 5, 2 and 10 in 2017–2019.

When taking a look at group 10 (women with a single vertex pregnancy at< 37 weeks ges-

tation, including women with a uterine scar) it can be observed that the overall number of

births has decreased 0.9% in a 10 year period, the CD rate in this group however has remained

constant with 46.2% and 48.8%. This might be due to better diagnostics and ultrasound skills

which provide a better monitoring of the unborn foetuses and thus resulting in pregnancies

being able to be prolonged.

Table 3. Birth data 2017–2019.

total births

n = 9490

total CD n = 3051

(32,15%)

Size of

group

CD rate in

group

Absolute group contribution to

overall CD rate

Relative contribution of the group to

overall CD rate

1 2297 356 24.20% 15.50% 3.75% 11.67%

2 1408 540 14.84% 38.35% 5.69% 17.70%

2a 1267 399 13.35% 31.49% 4.20% 13.08%

2b 141 141 1.49% 100% 1.49% 4.62%

3 2239 78 23.59% 3.48% 0.82% 2.56%

4 901 158 9.49% 17.54% 1.66% 5.18%

4a 801 58 8.44% 7.24% 0.61% 1.90%

4b 100 100 1.05% 100% 1.05% 3.28%

5 1097 822 11.56% 74.93% 8.66% 26.94%

5.1 862 589 9.08% 68.33% 6.21% 19.31%

5.2 235 233 2.48% 99.15% 2.46% 7.64%

6 300 300 3.16% 100% 3.16% 9.83%

7 163 160 1.72% 98.16% 1.69% 5.24%

8 293 232 3.09% 79.18% 2.44% 7.60%

9 36 36 0.38% 100% 0.38% 1.18%

10 756 369 7.97% 48.81% 3.89% 12.09%

Collected data of all births and caesarean deliveries performed at the department of obstetrics at Medical University Graz in the years 2017–2019 analysed using the ten

group classification system by M. Robson.

https://doi.org/10.1371/journal.pone.0240475.t003
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The CD rate in group 10 at our hospital is approaching 50%. This is in contrast with find-

ings of Brennan et al who analysed CD rates in 9 hospitals, 7 of them being tertiary centers and

found a mean CD rate of 35.28% [8]. Furthermore Crosby D et al [9] also analysed CD rates in

a tertiary hospital in Dublin and found a CD rate under 40%.

The mode of delivery in preterm infants is a widely discussed topic worldwide as well as in

the German speaking countries. A retrospective study conducted at the Medical University of

Vienna in 2017 demonstrated a 73.5% CD rate amongst singleton preterm deliveries from 23

+ 0 to 33 + 6 gestational weeks. Despite its limitations, it showed a tendency toward better neo-

natal outcomes in small for gestational age infants (from 23+0 till 30+6 gestational weeks) as

well as a benefit in appropriate for gestational week infants (from 23+0 till 27+6 gestational

weeks) [10]. Furthermore in 2016 the guidelines for management of premature infants at the

border of viability published by Austrian Society of Paediatrics and Adolescent Medicine

clearly stated that in extreme preterm infants caesarean delivery is associated with better neo-

natal outcomes and a planned caesarean delivery should be the method of choice [11].

Although the Austrian Society for Gynaecology and Obstetrics (OEGGG) [12] did not agree

with the before mentioned statement both articles illustrate a possible influence on the general

mindset regarding preterm delivery mode in Austria.

The data regarding delivery mode in early preterm babies is unclear. Since the indications

for preterm delivery are heterogeneous and often seem to not allow enough time for cervical

ripening, clinicians not seldom turn to CD as mode for delivery. However, most studies that

were conducted could not prove a benefit for neonatal outcome when comparing CD vs.

Fig 1. Group size. Comparison of the total number of births in each group between the years 2008–2010 and 2017–2019 using the ten group

classification system by M. Robson (data in percentage).

https://doi.org/10.1371/journal.pone.0240475.g001
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vaginal delivery [13–15]. Furthermore all of this studies observed a significantly higher risk for

maternal complications in CD [14]. Therefore international guidelines recommend that the

decision regarding delivery mode should be made individually with the patient and depending

on the clinical setting [12,16].

Indications for CD in group 10 should be discussed regularly especially when considering

that a higher CD rate in this group contributes to a higher rate in group 5 in the future.

Group 2 comprises nulliparous women with a single vertex pregnancy, at�37 weeks gesta-

tion, who had labour induced or who had CD before labour. This group was the second largest

contributor to the overall CD rate. The size of this group has increased significantly over 10

years while the CD rate in the group remained at 38%. Although both subgroups grew signifi-

cantly larger the CD rate in group 2a remained constant.

This rate is consistent with previous reports [9,17,18]. It has been suggested by Robson that

a ratio between group 1 and 2 lower than 2:1 suggests a higher incidence of induction and CD

before labour [19]. In 2008–2010 the ratio was 2.3:1 however in 2017–2019 it dropped to 1.6:1.

This suggests a high increase in interventions in nulliparous women which also influence the

future size of group 5 and is similar to findings from Crosby D et al [9].

Up until 2018 induction of labour without medical indication was considered to be associ-

ated with higher risk for CD [20] however Grobman et al [21] showed there is no difference

comparing to expectant management after 39 weeks of gestation.

When taken in account the patients from group 4a who were induced the overall rate of

labour induction was 19.5% in 2008–2010 and 21.8% in 2017–2019 (p<.05). Although the

Fig 2. Caesarean delivery rate in each group. Comparison of the caesarean delivery rate in each group between the years 2008–2010 and 2017–2019

using the ten group classification system by M. Robson (data in percentage).

https://doi.org/10.1371/journal.pone.0240475.g002
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number of induced patients rose the CD rate in both groups remained the same or rather

showed a tendency to decrease in group 4a.

This trend is consistent with findings in other European countries [22].

Induction of labour is an intervention which should be utilized carefully and indications

need to be analysed critically. Since at most departments the indications for primary caesarean

delivery are being regularly discussed at team meetings, the indications for labour induction

are seldomly addressed.

Group 5 was in both observed time periods the greatest contributor to the overall CD rate

accounting for 20.18% (2008–2010) and 26.94% (2017–2019) of all CD.

These findings are consistent with CD rates reported from Canada [23], Ireland [9] and

France [24] thus in both countries group 5 accounted for over 30% of all CD. The group on

itself has grown from 8.3% to 11.6%. When taking a look at the subgroups 5.1 and 5.2 it

becomes clear that both are responsible for the overall increase whilst the women with only 1

previous CD represent the majority of the births in group 5. This can be of course interpreted

as a result of the continuously rising CD rates in the last decades. However, since also group

5.2 keeps increasing it should be discussed whether trial of labour after caesarean delivery

(TOLAC) could be increased thus resulting in more vaginal births after caesarean delivery

(VBAC) [25]. Strategies for motivating women towards TOLAC should be optimized.

Similar observations have been reported in a retrospective study from Ireland, which identi-

fied Groups 5, 2 and 1 as the largest contributors to the overall CD rate [9]. The main

Fig 3. Group 5 and its subgroups 5.1 and 5.2. Comparison of size of Robson Group 5 and its subgroups between the years 2008–2010 and 2017–2019

(data in percentage).

https://doi.org/10.1371/journal.pone.0240475.g003
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difference, however, remains the size of group 10, which was significantly lower in Ireland

with 3.8% in 2014 in comparison to the reported 8% in 2017–2019 at our department. Further-

more, the CD rate in this group was in Ireland well below 40% at our hospital, however, keeps

continuously approaching 50% (48.8% in 2017–2019). Further investigations are needed to

identify reasons for these dissimilarities.

Conclusion

The comparison of birth and caesarean rates at two timepoints after a 10-year period in our

hospital shows a significantly higher overall CD rate which is mostly due to a rising number of

births in group 5 (multiparous women, with at least one previous uterine scar with a single ver-

tex pregnancy at�37 weeks gestation).

The indications for labour induction and primary CD which contribute to the size of group

2 (nulliparous women with a single vertex pregnancy, at�37 weeks gestation, who had labour

induced or who had CD before labour) need to be examined critically since the size of this

group significantly increased in the 10 year period thus contributing a large part to the overall

CD rate.

Although the birthrate in group 10 (all women with a single vertex pregnancy at< 37

weeks gestation, including women with a uterine scar) decreased, the CD rate keeps approach-

ing 50%.

Fig 4. Relative contribution of each group. Comparison of the relative contribution of each group to overall caesarean delivery rate between the years

2008–2010 and 2017–2019 (data in percentage) calculated by dividing the number of caesarean deliveries in each group with the number of all

caesarean deliveries in the observed time period.

https://doi.org/10.1371/journal.pone.0240475.g004
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Better strategies need to be developed to motivate women towards TOLAC after one previ-

ous caesarean delivery.

Regular discussions should be held regarding indications for labour induction and primary

caesarean delivery in nulliparous women at term.

Frequent case analysis is necessary to determine whether 50% of all preterm births need to

be delivered per caesarean delivery.
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