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Abstract

Objective: To validate an intrapartum Cesarean Section Classification System (ICSCS). Design: Nationwide prospective
observational study. Setting: Twenty-five Norwegian maternity units Population or Sample: Singleton cephalic pregnancies
with spontaneous or induced labour at [?] 37 weeks gestation delivering February-August 2017. Methods:. After training of all
collaborators, Cesarean section (CS) after spontaneous or induced labour were classified based on fetal status, dynamic progress
in labour, use of oxytocin, frequency of contractions and linked to denominator data collected and centralized by the Norwegian
Medical Birth Registry. Main Outcome Measures: Cohens kappa as measure of agreement for correct application of the
classification. Prevalence of the different groups using the ICSCS within the Ten Group Classification System (Robson groups).
Results: Of 49 trained experts, 40 (82%) had a x >0.6 indicating good or very good level of agreement when the classification
was applied. A total of 1425 CS were classified: CS classified as fetal indication (no oxytocin) was more common in induced
(Group 2a, 4a, 5b) compared to spontaneous labours (Group 1, 3, 5a). CS classified as dystocia related to inefficient uterine
action and poor response to oxytocin occurred more often in induced as compared to spontaneous labours. The prevalence of
CS classified as dystocia with efficient uterine action (malposition or cephalopelvic disproportion) was low in all Robson groups.
Conclusions: The ICSCS was successfully validated in a national study. It may become a valuable objective tool for analyzing

the management of labour and explaining differences in the prevalence of CS between different groups of women.
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Abstract

Objective: To validate an intrapartum Cesarean Section Classification System (ICSCS).
Design: Nationwide prospective observational study.

Setting: Twenty-five Norwegian maternity units

Population or Sample: Singleton cephalic pregnancies with spontaneous or induced labour at [?] 37 weeks
gestation delivering February-August 2017.

Methods: . After training of all collaborators, Cesarean section (CS) after spontaneous or induced labour
were classified based on fetal status, dynamic progress in labour, use of oxytocin, frequency of contractions
and linked to denominator data collected and centralized by the Norwegian Medical Birth Registry.

Main Outcome Measures: Cohens kappa as measure of agreement for correct application of the classi-
fication. Prevalence of the different groups using the ICSCS within the Ten Group Classification System
(Robson groups).

Results: Of 49 trained experts, 40 (82%) had a x >0.6 indicating good or very good level of agreement
when the classification was applied. A total of 1425 CS were classified: CS classified as fetal indication (no
oxytocin) was more common in induced (Group 2a, 4a, 5b) compared to spontaneous labours (Group 1, 3,
5a). CS classified as dystocia related to inefficient uterine action and poor response to oxytocin occurred
more often in induced as compared to spontaneous labours. The prevalence of CS classified as dystocia with
efficient uterine action (malposition or cephalopelvic disproportion) was low in all Robson groups.

Conclusions: The ICSCS was successfully validated in a national study. It may become a valuable objective
tool for analyzing the management of labour and explaining differences in the prevalence of CS between
different groups of women.
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Introduction

The increasing CS rate is a subject of debate within perinatal care.’ 2 In order to monitor CS rates at national
and institutional levels WHO, FIGO and EBCOG in addition to many national professional societies have
endorsed the Ten-Group-Classification System (TGCS) as the most appropriate tool for clinical audit.3¢
The TGCS classifies all women into clinically relevant groups each having a specific CS rate. It serves as
the initial structure within which epidemiological variables, processes, perinatal events and outcomes can be
analysed. The philosophy of the TGCS is based on ‘an intention to treat’.* "> 8However although the TGCS
tells you which women have a CS it does not tell you why.

Internationally there is no consensus on classification of indications for CS and none fulfill the criteria of
simplicity, usefulness, reproducibility and robustness.’ Indications for pre-labour CS need to be consid-
ered differently from those performed after spontaneous or induced labour and therefore deserve a separate
classification.'® Most indications used are very detailed, often subjective and multiple and frequently overlap.
This may result in long lists of possible indications which has limited use on a day-to-day basis to under-
stand, change and improve care. Using a high level classification system of CS initially prior to more detailed
and subjective indications both in prelabour CS and after spontaneous or induced labour may provide the
solution.



In 2014-15 a national quality improvement initiative, focusing on the appropriate and safe use of oxytocin in
labour took place at delivery units in Norway. During this project, Norwegian maternity health caregivers
became aware of a new high level intrapartum CS classification system (ICSCS) (Fig.1), incorporating
information on the fetal condition, the dynamic progress of labour, the use or not of oxytocin to accelerate
or induce labour and the frequency of contractions. '°-'2 This new ICSCS gives a unique insight into the
study and management of dystocia and the use of oxytocin. The authors emphasize that the classification is
designed to be used irrespective of how you manage labour and must not be misinterpreted as clinical guidance
on how to manage labour. Specifically the division of dystocic labours into those with efficient (progress [?]1
cm/h) or inefficient (progress <1 cm/h) uterine action is not an imperative for clinical management, but a
pragmatic cut-off to differentiate between the different dynamics of labour.

This classification has been used in The National Maternity Hospital, Dublin since 2005 '* but had never
been formally tested outside that hospital. Following national discussion and agreement, a prospective study
was initiated in Norway to test the practicalities and possible benefits of using this new ICSCS in spontaneous
and induced labour.

Material and methods
Part 1- Education and training

This was a prospective observational study which took place in Norway from 15" February to 15" August
2017. All delivery units with more than 500 deliveries were invited to participate. To ensure an equally
distributed recruitment throughout the whole country, three smaller units located in Northern Norway were
invited as well. All but one of the 26 invited units chose to participate in the study. One participating unit
did not complete the entire study period due to a lack of local resource although they supported the concept
of the project.

The first part of the study consisted of teaching and certification of local collaborators. All participating units
appointed 1-3 local collaborators who met for a one-day seminar. At this meeting the philosophy and scientific
methodology of the ICSCS was presented. Based on a totally inclusive and mutually exclusive classification
one out of seven subcategories could be chosen to classify the intrapartum CS (Fig.1, Supplement 1). For the
purpose of classification, the fetal status, the dynamics of labour, the use of oxytocin (either for acceleration
or for induction) combined with and frequency of uterine contractions (cardiotocograph) was required. The
participants in the study discussed the ICSCS in small groups based on a set of ten cases, followed by a joint
presentation reviewing the cases using the study form. The seminar finished with a certification test for all
the participants including the classification of ten cases of intrapartum CS, not known to the collaborators
beforehand. The level of agreement for each collaborator against the correct classification was estimated by
Cohen ’s kappa test.

Part 2- Prospective data collection

The second part of the study was the prospective data collection. The classification can be used for all
women either in spontaneous or induced labour. However the inclusion criteria for the Nor-Why-Cesarean
study were singleton pregnancies with a gestational age of more than 3646 weeks. Exclusion criteria were
multiple pregnancies, deliveries at a gestational age < 37 weeks and all pre-labour CSs. For the purpose of
the current study, we also excluded all breech deliveries (Group 6 and 7), thus focusing on women in the
TGCS groups 1, 2a, 3, 4a and 5a, b, respectively (Fig. 2).

After delivery, the study form of ICSCS, designed in cooperation with the Medical Birth Registry (Supple-
ment 2) was completed by the certified local project collaborators. Guidance for classification, case examples
and information about the project was available through access to a cloud-saved project folder. Email contact
with the author of the classification (MR) was available for assistance in the confirmation of classification of
any cases where there was disagreement. The study forms were sent to the Medical Birth Registry, scanned
and read electronically, and data converted into a statistical file format. Data collected in the study was then
linked case by case through the unique personal identification number with data routinely collected to the



registry from the electronic obstetric patient record.

The proportion of different subcategories in the ICSCS is presented as mean and 95% confidence interval of
the mean. Non-overlapping confidence intervals indicate a significant difference between different proportions.

The project took place under the umbrella of the Medical Birth Registry of Norway. Collection of perinatal
data to the registry is mandatory without the necessity of written informed consent from the pregnant
women. The study was approved by the research ethics committee (REK Nord 2018/1682-3).

Results
Part 1

A total of 49 senior clinicians (11 midwifes, 6 non-consultants and 32 consultants) went through the certifi-
cation process for use of the ICSCS. The strength of agreement compared with the correct classification for
the set of 10 cases was good or very good for 40/49 (82%). There were significant interprofessional differences
with consultants performing better than midwifes and non-consultants (Fig. 3). However, importantly there
was general agreement and understanding afterwards when the classification of the cases was presented and
explained.

Part 2

The 25 delivery units participating in the study, accounted for 82.1% of the deliveries in Norway (Tab. 1,
Fig. 2).

The characteristic of the birth population from participating and non-participating units revealed minor, but
statistically significant differences in maternal age, pre-pregnancy BMI, parity, start of labour, gestational
age at delivery, and transfer to the neonatal intensive care unit (Tab. 1). The categorization of the entire
birth population according to the TGCS (which is standard practice in (Norway) is shown in Tab. 2, and of
those the groups 1, 2a, 3, 4a and 5 were included in the study. Of eligible women, 8.7% had missing data
due to missing study forms (Fig. 2).

The CSs were classified according to the classification and within the study group shown in Figure 4 (Sup-
plement 3). In both nulliparous and parous women (without a previous CS), induction of labour (Group 2a
and 4a) compared to spontaneous onset of labour (Group 1 and 3) was associated with a significant higher
proportion classified as CS for fetal indication (no oxytocin), dystocia-inefficient uterine action-oxytocin-poor
response and dystocia-inefficient uterine action- oxytocin-inability to treat fetal intolerance (Fig. 4, Supple-
ment 3). In women with a previous CS, induction of labour (Group 5b) compared to spontaneous start of
labour (Group 5a) was associated with a higher proportion of CS classified as dystocia-inefficient uterine
action-oxytocin-poor response and dystocia-inefficient uterine action-inability to treat-fetal intolerance. The
prevalence of CS classified as dystocia-efficient uterine action (CPD or malposition) was generally low in
all groups. In dystocic labour in women with a previous CS (Group 5) there was a greater prevalence of
CS classified as dystocia-inefficient uterine action-no oxytocin compared to the remaining study population
(Groups 1-4) (Fig. 4, Supplement 3).

Discussion
Main findings

In this prospective national Norwegian study, we successfully taught midwives and obstetricians to use the
ICSCS. 10-12 All clinicians participating in the study found it useful. Intrapartum CS classification patterns
corresponded to clinical experience associated with parity, spontaneous and induced labour and labour after
a previous CS. Dystocia with inefficient uterine action (progress less than lcm/hour) either due to fetal
intolerance or poor response was the most common cause of intrapartum CS in particular if labour was
induced (TGCS group 2a and 5b, Fig. 4).

Our study is the first to successfully apply this ICSCS outside the National Maternity Hospital, Dublin and
also at a national level on a birth population analysed by the TGCS.



Interpretation

The simple hierarchical classification system used in the study (Figure 1, Supplement 1) classifies intrapartum
CS by the condition of the fetus, rate of progress during labour and the use of oxytocin in an inclusive and
mutually exclusive manner.'% 12 This is in contrast to a systematic review of indication-based classifications®
which identified only two out of twelve studies using a mutually exclusive system '4 5. Generally, this
review found low reproducibility in classification (disagreement in 45% of the cases [range 8%-83%]). The
studies utilizing a mutually exclusive classification !4 15 incorporated some elements of the TGCS into
their indication system (previous CS and breech), but did not differentiate between suspected fetal distress
according to use or non-use of oxytocin and whether the suspected fetal distress was a primary factor or
only occurred as a result of treatment of dystocia. Both types of suspected fetal distress were accounted for
appropriately in the current study.

Detailed indications for intrapartum CS in Norway have been previously reported based on the mandatory
data collection in the Medical Birth Registry of Norway.!6-18 Interestingly an analysis of the period 1967-84,
classified 31 indications into seven high level groups (mechanical, uterine, presentation, asphyxia, other fetal,
maternal, acute placental). More than one category though was present in 35% of all CS.16

A comparison of Scotland, Sweden, USA and Norway during the time period 1980-90, chose the first relevant
in a hierarchy of five indications (previous CS, breech presentation, dystocia, fetal distress, or other) as the
primary indication and were classified accordingly. The number of CS with multiple indications was not
reported. 17

A nationwide study in 1998-99 reported indications for CS using a pre-determined set of 31 indications with
up to four choices per case.'® In all three studies the classification systems were also totally inclusive, but
not mutually exclusive. Both the arbitrary hierarchy '7 and the subjectivity related to combinations among
a set of indications 16 1® make a comparison impossible. Moreover, there was no division of CS into those
performed before and during labour and features characterizing women according to the TGCS (breech
presentation, previous CS) were partly mixed with indications. 16-18

A Slovenian study applied a modified version of the ICSCS used in the current study on deliveries in the
TGCS group 1. ¥They found intrapartum CS classified as Dystocia-Efficient uterine action - CPD to be
more prevalent as compared to Norway (3.1% vs. 0.2%). 19 Different clinical approaches to vaginal operative
delivery could explain this: instrumental delivery was performed four times more frequently in Norway
compared to Slovenia.2’

In a Swedish registry-based study on women in TGCS Group 1 and 2a for the period 1999-2010 multiple
indications accounted for 14% of all intrapartum CS and an indication was missing in as many as 18% of
deliveries. 2!

Other studies, based on either national or multicenter data did not apply indications within the TGCS and
their subgroups,?? 23 making it impossible to differentiate pre-labour CS from those performed intrapartum.
Multiple indications per CS were also common and while they might provide a more complete explanation
of the clinical situation, they are not useful for classification, comparison and learning from each other.

Strengths and limitations

A strength of the study is the prospective and national design, and uniform data collection using the Nor-
wegian Medical Birth Registry. Standard obstetric practice was based on the Norwegian national guidelines.
24 After education and training, the reproducibility of the ICSCS was tested for midwifes and doctors before
data collection was started; all achieved good or very good levels of agreement. In contrast to other indication
systems, all births were first classified according to the TGCS 7 and then subsequently classified using the
ICSCS.

A fundamental measure of quality care is knowing your results, including the ability to interpret them.?®
We agree with the authors of the system that this enables a much better clinical interpretation of the CS



rate as the incidence and risk benefit ratio of the indications varies according to the different groups. For
example staff refraining from using oxytocin in women with a previous CS was reflected in a higher incidence
of dystocia-inefficient uterine action-no oxytocin in women with a previous CS (Group 5) compared to the
remaining groups (1-4).

Non-participation of some units (18% of the birth population), some missing project forms and population
differences between participating and non-participating units are relative weaknesses but did not affect the
purpose of the study.

There was a strong consensus within the project group about the benefits of the ICSCS within the TGCS
system as part of a recommended audit and feedback. 26 However without a suitable electronic patient record
(EPR) and perinatal database implementation on a routine basis nationally was not felt to be possible at
the present time. Unfortunately the process of introducing changes into different EPRs (there are currently
3 maternity EPRs in Norway) and subsequent approval by the Medical Birth Registry are challenging and
time-consuming. During the training initially it was difficult for some participants to grasp the concept
that this classification system is completely independent and applicable irrespective of the guidelines used
in the management of labour. The study did reveal though that, despite national guidelines, the CS rate
according to the TGCS and the high level classification system used in this study did produce different
results between participating units (data not shown). This initiated a discussion about relevant differences
in local obstetric practice based on an objective and reproducible classification of CS (Suppl. 2). Performed
either as a comparison between units or as a longitudinal assessment at one unit it may highlight areas
for improvement in perinatal care or confirmation of appropriate care. For example, the prevalence of the
fetal indication (no oxytocin) group should be relatively similar within the same groups of women (based
on the TGCS and similar epidemiological case mix) and identical guidelines for fetal monitoring. Existing
differences should then be related to other perinatal outcome measures and could reveal either an over- or
under-use of CS for fetal indication. This type of quality assessment as a result of using the classification
was positively embraced by all participants.

Conclusion

High level classification of intrapartum CS using totally inclusive but also mutually exclusive objective
criteria is useful for interpretation of clinical practice. Detailed and more subjective clinical indications are
more useful used within the ICSCS and within the overarching structure of the TGCS.

We successfully tested a ICSCS in a prospective nationwide study. The system can be easily taught, and we
recommend including it as part of routine perinatal data collection. It may become a valuable objective tool
for analyzing and improving the management of labour.
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Tables

Table 1: Maternal and neonatal characteristics of the birth population of Norway during the study period
(singleton term deliveries)

Participating units Non-participating units Total D
Maternal age (years) 31.0+4.8 30.2+4.8 30.8 £4.8 <0.001
Maternal pre-pregnancy BMI 24.3+4.8 24.1+4.4 24.3+4.8 0.01
Parity
0 9554 (41.9%) 1813 (36.6%) 11367 (41.0%)  <0.001
1+ 3139 (58.1%) 13225 (63.4%) 16364 (59.0%)
Gestational age at delivery (days) 280.6 281.0 280.7 0.002
Start of labour
Spontaneous 16272 (71.4%) 3731 (75.3%) 20003 (72.1%) <0.001
Induced 5152 (22.6%) 950 (19.2%) 6102 (22.0%)
Pre-labour cesarean delivery 1355 (5.9%) 271 (5.5%) 1626 (5.9%)



Participating units Non-participating units Total D

Mode of delivery

Spontaneous vaginal 17069 (74.9%) 3858 (77.9%) 20927 (75.5%) <0.001
Operative vaginal 2443 (10.7%) 432 (8.7%) 2875 (10.4%)

Cesarean 3267 (14.3%) 662 (13.4) 3929 (14.2%)
Birthweight (g) 3583£483 3589+464 3584+479 0.38

5 min Apgar score < 7 260 (1.1%) 51 (1.0%) 311 (1.1%) 0.55
Transfer to NICU 1740 (7.6%) 254 (5.1%) 1994 (7.2%) <0.001

Table 2: The total birth population of all participating units according to the Ten-Groups-Classification
System. Study population marked with grey color.

Group N Size of the group CS rate wit
Total 3605/22595  100%

1: Para 0, singleton, cephalic, >37 weeks, spontaneous 471/5961 28.4% 7.9%
2a: Para 0, singleton, cephalic, >37 weeks, induced 498/2153 10.3% 23.1%
2b: Para 0, singleton, cephalic, >37 weeks, CS before labour 157/157 0.7% 100%
3: Para 1+, no previous CS, singleton, cephalic, >37 weeks, spontaneous 102/7620 36.4% 1.3%
4a: Para 14, no previous CS, singleton, cephalic, >37 weeks, induced 93/2009 9.6% 4.6%
4b: Para 1+, singleton, cephalic, >37 weeks, CS before labour 202/202 0.9% 100%
5a: Para 14, previous CS, singleton, cephalic, >37 weeks, spontaneous 179/926 4.4% 19.3%
5b: Para 1+, previous CS, singleton, cephalic, >37 weeks, induced 155/465 2.4% 33.3%
5c: Para 14, previous CS, singleton, cephalic, >37 weeks, CS before labour  600/600 2.6% 100%
6: Para 0, singleton, breech 348 /468 2.1% 74.4%
7: Para 14, singleton breech 197/342 1.5% 57.6%
8: All women with multiple pregnancies 203/480 2.1% 42.3%
9: All women with tranverse lie 48/48 0.2% 100%
10: Singleton, cephalic, <37 weeks 352/1164 5.2% 30.2%
Figures

Figure 1: The classification system for intrapartum Cesarean section based on categorization into seven
subcategories (textboxes with gray background)
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Figure 2 : Flowchart of recruitment and study population according to the Ten group classification system

(TGCS)
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Figure 3: Level of agreement with the correct classification of intrapartum cesarean deliveries by type of
obstetric caregiver. Data expressed as Cohens kappa, based on a test with ten cases.
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Figure 4: Classification of intrapartum CS according to the TGCS
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Classification of Intrapartum Cesarean Sections according to TGCS
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Supplementary files

Supplement 1: Guidance document for classification of intrapartum CS

Supplement 2: Study form filled out by the local collaborators (pdf file)

Supplement 3: Classification of intrapartum CS according to the TGCS, data presented in a table.
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