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Abstract

Background

With an increasing rate of caesarean sections as well as rising numbers of multiple pregnan-
cies, valid classifications for benchmarking are needed. The Robson classification provides
a method to group cases with caesarean section in order to assess differences in outcome
across regions and sites. In this study we set up a novel method of classification by using
routinely collected health data. We hypothesize i that routinely collected health data can be
used to apply complex medical classifications and ii that the Robson classification is capable
of classifying mothers and their corresponding newborn into meaningful groups with regard
to outcome.

Methods and findings

The study was conducted at the coding department and the department of obstetrics and
gynecology Inselspital, University Hospital of Bern, Switzerland. The study population con-
tained inpatient cases from 2014 until 2017. Administrative and health data were extracted
from the Data Warehouse. Cases were classified by a Structured Query Language code
according to the Robson criteria using data from the administrative system, the electronic
health record and from the laboratory system. An automated query to classify the cases
according to Robson could be implemented and successfully validated. A linkage of the
mother’s class to the corresponding newborn could be established. The distribution of clini-
cal indicators was described. It could be shown that the Robson classes are associated to
outcome parameters and case related costs.

Conclusions

With this study it could be demonstrated, that a complex query on routinely collected
health data would serve for medical classification and monitoring of quality and outcome.
Risk-stratification might be conducted using this data set and should be the next step in
order to evaluate the Robson criteria and outcome. This study will enhance the discussion
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to adopt an automated classification on routinely collected health data for quality assur-
ance purposes.

1 Introduction

The caesarean section (CS) rate has been increasing during the last decades and the rate of CS
varies among hospitals [1-3]. In Switzerland CS rates reach 33% and more. As many different
classifications exist, the heterogeneity prevents valid comparisons between countries and
hospitals [4-7]. A lack of clarity regarding indication and relevant obstetric history can be
observed [8-10]. A commonly accepted classification of CS and its indications would allow an
evaluation and comparison of the contributors to the CS rate and would make comparison
between hospitals, regions, and countries possible [11]. The Robson classification of CS shows
the CS rates in specific groups, see Fig 1 and S1 File, to help identifying possible reasons for
this variation [12,13]. The Robson classification is reccommended by the World Health Organi-
zation (WHO) [2,12,14]. It is based on pre labour, intrapartum and postpartum data. Cur-
rently it is not in use in Switzerland although it has been highly recommended [11].

As multiple births as well as elective CS numbers are rising in Switzerland and worldwide,
the necessity of a valid benchmark of comparable groups, meaningful data and outcome mea-
sures becomes evident [5,6,9,15,16]. Meta analyses support the interest in the Robson classifi-
cation [5,12].

The possibility to derive information from data is developing very fast, as routinely col-
lected administrative and health data have accumulated during the last years and recent tech-
nology grants a higher degree of accessibility [17,18].

The Insel Gruppe Berne with approximately 62000 inpatient stays and more than 2200
annual births at the department of obstetrics and gynecology serves as a tertiary care center
being obliged to treat high-risk patients (multiple pregnancies, preterm deliveries and repeat
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Fig 1. Flow chart Robson classification (Robson et al., 2002) according to WHO (2017) Robson classification: Implementation manual.
https://doi.org/10.1371/journal.pone.0242736.9001
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To overcome different national specifications in statistics and lacking classifications for
valid benchmark we conducted this study by evaluating different methods of classification and
grouping with regard to costs and outcome parameters [16,18,20-26]. The technical approach
offered the opportunity to develop a proof-of-concept for a Structured Query Language (SQL)
query based medical classification process using routinely collected health data.

The novel approaches of this study are: i by using the technical capabilities and the amount
of data from the clinical data warehouse extracting data with a minimum of requests (this
study provides one of the first complex queries to the data), ii evaluating a medical classifica-
tion by routinely collected health data and iii searching missing information by a novel text
mining tool, which was tested (searching the electronic health record) and iv mapping the
mother’s Robson class to the corresponding newborn. The study was conducted to elaborate
a proof of concept of a complex medical classification which is based on routinely collected
health data and which can be applied automatically. Moreover, it should be demonstrated that
outcome related classes can be used for a standardized benchmarking.

We hypothesize i that routinely collected health data can be used to apply complex medical
classifications and ii that the Robson classification is highly capable of classifying mothers and
their corresponding newborn into meaningful groups with regard to outcome.

2 Methods

The study was conducted at the coding department and the department of obstetrics and gyne-
cology Inselspital, University Hospital of Berne, Switzerland. The clinical data warehouse at
the Inselspital contains administrative and medical data of all patients from the department of
obstetrics and gynecology and the neonatology division. The data include the diagnoses codes
(International Statistical Classification of Diseases and Related Health Problems 10th version,
ICD) and procedure codes (Swiss classification of procedures, “CHOP”) of inpatient cases
[27,28] and clinical data as the APGAR values (outcome related score to assess the neonate’s
status) or laboratory results [10,25,29].

Inclusion criteria: Inpatient cases at the Inselspital Berne, discharges from 2014-2017
(224’331); all cases with a procedure code for caesarean section as procedure encoded (2’700),
see S1 Fig. Filtering of the datasets was performed to make sure, that only classifiable and
classified individuals remained in the data. The presence of a ‘null’-class of a relevant value,
applied to individuals without the required information for classification, led to a removal of 3
entries of mother cases. After extracting the inpatient cases with CS, the corresponding new-
borns were mapped by a linkage code using the case identity number. Thus, it was possible
to assign the mother’s Robson class to the corresponding neonate(s). Stillborn cases were
excluded, as their diagnoses are not coded due to Swiss coding regulations. After data extrac-
tion and before analysis, the cases were anonymized (2’697 mother cases, 3’086 newborn
cases), (total of cases see S1 Table).

Data were extracted from the clinical data warehouse and mapped (see S2 Fig). Outcome
variables (referring to the clinical situation) were defined referring to literature (distinct ICD
codes, intensive care treatment, ventilation hours, transfusion, 5-minute-APGAR score, Base
Excess and pH value). An algorithm (SQL query) to apply the Robson classes using claims data
(e.g. procedure codes, ICD codes, Diagnosis related groups (DRGs) [30], costs [31,32]) and
otherwise routinely collected health data (laboratory, text, APGAR scores) was set up. The case
related cost data were obtained from the REKOLE®- based cost-unit accounts [32], according
to national standard. SwissDRG DRG type (related to length of stay, current Swiss inpatient
reimbursement system of diagnosis related groups) and case related costs were used as surro-
gates of economic outcome variables in addition to the clinical outcome variables. The method
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of outlier calculation was executed according to the SwissDRG’s annually revised standard
(batch grouper) [30]. The Robson classes were applied to both mother and child. Descriptive
statistics for log10 case related costs and several clinical indicators (defined by e.g. ICD code,
intensive care, ventilation, interventions/procedures) was conducted (S2 Table). The algorithm
to propose Robson classes to the mothers’ cases was programmed in Transact-SQL, querying
the necessary patient and case information and creating entries which represent the Robson
class.

The Ethics Committee of the Canton Bern approved the study (KEK-Nr. Req-2017-00927)
for quality assurance purpose. No informed consent was necessary. According to the regula-
tions of the Bernese Ethics Committee no data combining a set of diagnoses and laboratory
values on patient level (potentially identifying or sensitive patient information) can be labeled
as fully anonymized. Supporting data, which can be given unrestricted access to, can be found
in the supporting information file (contact information: https://www.gef.be.ch/gef/de/index/
direktion/organisation/kek/kontakt.html). Data sharing is partly restricted as the original data-
set contains de-identifying sets of coded diagnoses on patient level. Further data requests can
be send to Dominique Furrer (dominique.furrer@insel.ch), local data protection manager
of the institutional data access of the Insel Data Science Center, University Hospital of Bern,
Berne, CH.

3 Results

The Robson classification demonstrated to be a highly usable method to aggregate relevant
obstetric information corresponding to clinical indicators for both mother and child. The
manual revision of 100 cases showed a high validity of the method, see Table 1.

The method itself successfully produced an application of the Robson criteria to the data of
cases with CS (see Table 2).

Furthermore, benchmarking cases of mother and child with cephalic on term pregnancies
for outcome and complications was made possible by associating outcome information. The
distribution of clinical indicators, ICD codes, intensive care unit treatment, APGAR score and
DRG type SwissDRG (see Figs 2—4 and S3 Table) could be successfully mapped to Robson clas-
ses of cases with CS and the corresponding newborn.

Case related costs could be mapped to the distinct classes and a comparison of the distribu-
tion of costs and relevant differences between DRGs and Robson classes could be conducted
(see S3 Fig, S4 and S5 Tables, S4 and S5 Figs). The results showed a relevant contribution to
cost based grouping only in a few Robson groups (see S6 Table).

Analyzing the DRG type (length of stay) of mother cases per Robson class it could be dem-
onstrated that the distribution of inlier and high outliers differs in the Robson classes: in class
10, 5, 3 and 1 with inliers distributed to Robson class 10 in 18.97% of cases, class 5 in 18.07%,
class 3 in 7.98% and class 1 in 18.72% of the cases respectively, see S7 Table. High outliers were
distributed as follows: 46.21% to Robson class 10, 3.03% to class 5, 0.76% to class 3, and 5.03%
to class 1 (see Figs 5 and 6).

Table 1. Validation of a random sample of 100 cases.

SQL
classification

https://doi.org/10.1371/journal.pone.0242736.t001

Coding and/or discharge documentation Coding and/or discharge documentation total
positive negative
98 2| 100
validation after correction of the 100 0| 100
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Table 2. Count cases per Robson class and percent, cases with CS, per year.

number of mother cases

Robson Class 2014 2015 2016 2017
1 111 114 107 143
2 37 44 65 22
3 45 52 38 64
4 9 12 10 8
5 89 110 123 132
6 56 37 37 45
7 32 33 19 35
8 87 106 105 83
9 28 30 25 34
10 153 142 131 145
all 647 680 660 711
percent of cases CS
Robson Class 2014 2015 2016 2017
1 17.16 16.76 16.21 20.11
2 5.72 6.47 9.85 3.09
3 6.96 7.65 5.76 9.00
4 1.39 1.76 1.52 1.13
5 13.76 16.18 18.64 18.57
6 8.66 5.44 5.61 6.33
7 4.95 4.85 2.88 4.92
8 13.45 15.59 15.91 11.67
9 4.33 4.41 3.79 4.78
10 23.65 20.88 19.85 20.39
all 100 100 100 100

https://doi.org/10.1371/journal.pone.0242736.t1002
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Fig 2. Complication indicators* per Robson class, % of cases, mother cases, 2014-2017. *ICD codes text see S2 Table.
https://doi.org/10.1371/journal.pone.0242736.9002
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4 Discussion and conclusion

With rising numbers in CS it is essential to improve the data base for benchmarking by imple-
menting valid classifications to work with, especially for elective CS and births at term with
cephalic lies. We successfully demonstrated, that a query on routinely collected health data

could serve for a complex medical classification. Even with variables from several sources

Distribution of neonates per Robson class,
cases with ICU treatment 2014 - 2017 ol
12, 9
1:2.72,11% =
W 2:1.13,5%
10: 6.20, 25% = =
W 3:134,5% ga
W 4:0.34,1% m5
W 5:161,7% M6
9:0.83, 3%
W 6:056,2% 7
H 8:8.68,35% «
% H 7:1.59, 6% 9
10
% red = % of Robson class of neonates with ICU stay delivered by CS
% blue =% of Robson class of all neonates delivered by CS Robson class

Fig 4. Distribution of Robson classes per newborn cases with intensive care unit (ICU) treatment.

https://doi.org/10.1371/journal.pone.0242736.g004
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Distribution of Robson classes
Inlier SwissDRG 2014 - 2017
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Fig 5. Distribution of Robson classes: Inlier SwissDRG mother cases (batch grouper SwissDRG [30]).
https://doi.org/10.1371/journal.pone.0242736.9005

including text mining for missing information it was possible to achieve a complete database
for classification (missing values in only 3 cases), a method for benchmarking and monitoring
of quality and outcome. With a few Robson groups still showing unexpected results concern-
ing the distribution of cases compared to other studies [33], a thorough validation of the pro-
grammed algorithm referring to international standards and the coding rules will be planned
for a future study. This must include an analysis of cases with spontaneous delivery. Having
conducted these further studies, it will be possible to compare case related costs of the Robson
classes to SwissDRGs in order to compare the consistency of the groups. However, as the Rob-
son classification is meant to benchmark quality and outcome it might not be capable of con-
tributing to recovery of costs in DRG systems. Risk-stratification might be conducted using
this data set and should be the next step in order to evaluate the Robson criteria and outcome
indicators [26,34]. The analysis of outcome data might influence quality monitoring, bench-
marking. Applying the method to the group of spontaneous deliveries could be helpful, in
order to benchmark caesarean rates. The method could be easily adopted to the data of sponta-
neous births’ cases by (change of selection criteria).

4.1 Strengths

The routinely collected dataset showed a very good quality when referring to completeness
and consistency. The connection of laboratory, medical, financial and administrative data on
the individual patient’s level with regard to mother and the corresponding child demonstrates

PLOS ONE | https://doi.org/10.1371/journal.pone.0242736 November 30, 2020 7/11


https://doi.org/10.1371/journal.pone.0242736.g005
https://doi.org/10.1371/journal.pone.0242736

PLOS ONE

The Robson classification—Based on routinely collected health data

Distribution of Robson classes

High Outlier SwissDRG 2014 - 2017

1; 5.30%
2 6.06%
3:0.76%

_4;2.27%

__5;3.03%
_6;4.55%

10; 46.21%
_7:6.82%

. 8;19.70%
9; 5.30% _

Robson
H]l B2 E3 H4 E5 m6 m7 8 9 10

Fig 6. Distribution of Robson classes: High outlier SwissDRG mother cases (batch grouper SwissDRG [30]).
https://doi.org/10.1371/journal.pone.0242736.9006

anovel approach. The method itself can be universally adapted because an international cata-
logue of diagnosis codes (ICD) and standardized variables as gestational age are used for the

query.

4.2 Weaknesses

As national coding rules differ and coding rules in Switzerland underwent changes during the
last years, the numbers per Robson class show a limited comparability to those of recent stud-
ies extracting the relevant information for classification manually from the patients” health
record. This has to be taken into account when implementing the method using ICD coding
information.

4.3 Limitations

The verification of the method is based on data and patient groups from one single hospital in
the context of Swiss national coding regulations. Moreover, as the study served as a technical
proof of concept, only the patient group of CS was analyzed. Therefore, the study is limited to
conclusions concerning the distribution of Robson classes within the group of CS cases. No
conclusions can be drawn concerning the distribution of CS regarding all births’ modes. Risk-
stratification and differences to coding approaches elsewhere have to be elaborated before
using this method for international benchmarking.
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4.4 Conclusion

It is possible to set up an automated method to categorize patient groups according to complex
medical classifications based on routinely collected health data. This study might enhance the
discussion to adopt the automated classification on routinely collected health data in Switzer-
land and elsewhere for benchmarking, as outcome variables could be successfully associated

to the specific Robson classes and the classification of cases can be conducted efficiently. The
method proofed to be capable of applying outcome variables to the complex classification.
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