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To assess interobserver reliability and agreement in the classification of cardiotocograms (CTGs) according to the 
2015 revision of the FIGO (International Federation of Gynecology and Obstetrics) CTG classification. Six 
observers (3 obstetricians and 3 midwives) applied the 2015 FIGO guidelines and independently interpreted 60 
intrapartum CTGs, randomly selected after stratification for arterial umbilical pH (pHa) at birth: 1/3 with pHa>7.15, 
1/3 with pHa=7.05-7.15, and 1/3 with metabolic acidosis defined by pHa<7.05 and base deficit>10 mmol/L. 
Interobserver reliability was assessed by the Fleiss kappa coefficient and interobserver agreement by the 
proportion of agreement (Pa), calculated according to Grant. The overall interobserver reliability was good 
(kappa=0.62, 95%CI=0.52-0.73). Interobserver agreement was good for CTGs classified as normal by the observers 
(Pa=71.5%, 95%CI=67.5-75.2), moderate for those classified as pathological (Pa=57.4%, 95%CI=51.3-63.5) and poor 
for those classified as suspicious (Pa=36.4%, 95%CI=30.9-41.9). Interobserver reliability was good for baseline, 
moderate for variability assessment and presence of decelerations, but poor for classifying the decelerations. 
Results did not differ significantly between obstetricians and midwives. Application of this FIGO classification 
produced good interobserver reliability and agreement on CTG classification overall, but poor reliability for 
suspicious CTGs and for determination of the type of deceleration. 
 

Keywords: Fetal heart rate, cardiotocography, interobserver variability, interobserver agreement, reliability, 
reproducibility. 
 

ABBREVIATIONS 
 

CI: Confidence intervals 
CTG: Cardiotocography 
FIGO: International Federation of Gynecology and Obstetrics 
GA: Gestational age 
NICHD: National Institute of Child Health and Human Development 
Pa: Proportion of agreement 
 
INTRODUCTION 
 

The purpose of monitoring continuous intrapartum 
cardiotocography (CTG) is to prevent hypoxia/acidosis, 
which can cause short- and long-term complications, 
such as hypoxic-ischemic encephalopathy or cerebral 
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palsy. Despite its disappointing absence of effects on 
the incidence of overall perinatal mortality or cerebral 
palsy(reported in the Cochrane review published by 
Alfirevic et al. (2013)), use of continuous intrapartum 
CTG has become the standard of care in many 
countries.  
Interpretation of CTG abnormalities is not easy. It 
requires — simultaneously and continuously during labor 
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— a comprehensive evaluation of various parameters, 
including baseline rate, variability, reactivity, and 
presence and type of decelerations. Taking the clinical 
context into account, clinicians must make the right 
decision at the right time based on their interpretation of 
CTG abnormalities: to wait, to correct reversible 
causes, or to expedite birth, by instrumental or 
cesarean delivery. Several CTG classifications currently 
provide clinicians with standardized criteria for 
assessing CTG characteristics. 
Lack of interobserver reliability in CTG interpretation 
may partly explain why CTG so often fails to predict 
acidosis at birth. Certainly, despite the use of the 1985 
FIGO (International Federation of Gynecology and 
Obstetrics) classification, interobserver reliability has 
been assessed at poor to fair (Ayres-de-Campos et al., 
1999). Similarly, reproducibility of the NICHD (National 
Institute of Child Health and Human Development) CTG 
classification is reported to be poor (Blackwell et al., 
2011). 
FIGO updated their classification in 2015 to simplify it 
(Ayres-de-Campos et al., 2015). In this new 
classification, CTG are categorized as normal, 
suspicious, or pathological. A suspicious CTG is 
defined as neither normal nor pathological. 
Decelerations are tolerated in normal CTG traces if they 
are neither prolonged nor repeated (Table1).  
To our knowledge, the reproducibility of the 2015FIGO 
CTG classification has been evaluated twice, and both 
studies found fair interobserver reliability with 
kappa=0.39, 95%CI 0.33-0.45 for Rei et al. (2016)and 
kappa=0.38 for Bhatia et al. (2017). 
The primary objective of our study was to assess both 
the interobserver agreement and reliability of the 
categorization of intrapartum CTG with this 
classification. The secondary objective was to assess 
the performance of observers using this CTG 
classification to predict metabolic acidosis. 
 
MATERIALS AND METHODS  
 
This study took place in March 2016 in a tertiary 
maternity unit (in Toulouse, in southwestern France) 
with almost 5000 deliveries each year. 
 
Observations and sampling method 
 
CTG traces of singleton pregnancies were selected in a 
prespecified population: gestational age (GA) more than 
37 weeks, a vaginal delivery or a cesarean section 
during labor, at least 60 minutes of CTG traces before 
the pushing stage or before a decision to perform a 
cesarean. Arterial and venous umbilical cord pH 
measurements were routinely available. Exclusion 
criteria were: termination of pregnancy for medical 
reasons, stillbirth, or severe congenital malformation. 
In total, 60 CTG traces were randomly extracted from 
our CTG database, which contains all CTG traces 
performed in our unit between June 2013 and March 

2015 (n=10,146). Because the statistical tools that 
evaluate reliability require equivalent numbers of traces 
across the spectrum of potential neonatal acidosis 
(none to severe), sampling was planned to over 
represent pathological traces. We therefore stratified for 
arterial umbilical pH,with1 in 3 traces with pHa>7.15 
(85.4% of the births in our database), 1/3 with pHa 
between 7.05 and 7.15 (14.2% of births), and 1/3 with 
metabolic acidosis, defined by pHa<7.05 and a base 
deficit >10 mmol/L(0.4% of births). CTG traces were 
anonymized and printed (at a paper speed of 2 cm/min, 
according to our routine practice) without any 
annotation. Six observers were asked to analyze these 
60 traces(at least 15 months after the birth, to avoid any 
recall bias). 
We considered that 6 observers and 60 CTG traces, 
with a sufficient number of traces per severity level, 
provided an appropriate sample size for this study, 
similar to or higher than most previous studies 
assessing the reliability of CTG interpretation. To our 
knowledge, there is no consensual method for 
calculating power in reproducibility studies that use 
kappa statistics (Kottner et al., 2011). In addition, 
30seemed to be the maximum number of traces that a 
given observer could assess during a session. Of the 
six observers, three were midwives and three 
obstetricians. All had more than two years of 
experience working in a tertiary center.  
 
Rating Process 
 
The observers first participated in a 1-hour training 
session (by LP) in using the 2015FIGO CTG 
classification, with the official FIGO PowerPoint 
presentation including definitions and case discussions. 
At the time of the study, the French CTG classification 
(Carbonne et al., 2013) was routinely used in our 
center.  
Each observer analyzed CTG traces independently 
during two distinct sessions (30 CTG traces per 
session, separated by 1 to 20 days) in LP’s presence. 
The order of the traces was randomly selected and was 
the same for all observers. The 2015 FIGO guidelines 
were provided to all observers in French (translation by 
the principal investigator, back-translated into English 
by a native English-speaking obstetrician for validation). 
Clinical information was not initially provided. For each 
trace, the observer had to analyze the last 30 minutes 
before the pushing stage or before the decision to 
perform a cesarean. Because the interpretation of 
variability in CTG requires a minimal length of record, 
the last 60 minutes of each trace were printed. First, the 
observers documented each component according to 
the classification(baseline, variability, reactivity, and 
presence and type of decelerations) and then classified 
each CTG tracing as normal, suspicious, or 
pathological. 
Next, clinical details about labor were provided, and the 

trace during the pushing stage was shown for vaginal
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      Table 1. 2015 FIGO CTG classification (Ayres-de-Campos et al., 2015). 

 
Normal Suspicious Pathological 

Baseline 110-160 bpm
 a
 

Lacking at least one 
characteristic of normality, 
but with no pathological 
features 

<100 bpm
a
 

Variability 5-25 bpm
 a
 

Reduced variability 

Increased variability 

Sinusoidal pattern 

Decelerations No repetitive decelerations 

Repetitive late or prolonged 
decelerations for > 30 min (or > 20 
min if reduced variability) 

Deceleration > 5 min 

Interpretation No hypoxia/acidosis 
Low probability of 
hypoxia/acidosis 

High probability of hypoxia/acidosis 

Clinical management 
No intervention necessary 
to improve fetal oxygenation 
state 

Action to correct reversible 
causes if identified, close 
monitoring, or adjunctive 
methods 

Immediate action to correct 
reversible causes, adjunctive 
methods or if this is not possible 
expedite delivery.  

In acute situations, immediate 
delivery should be accomplished 

(a) bpm: beats per minute. 
 
 

deliveries. The observers were asked to predict whether 
or not the neonate was born with metabolic acidosis. 
 
Statistical tools 
 
All analyses were performed with Stata version 14 
(Stata-Corp. Stata Statistical Software. Release 14, 
College Station, TX, USA). 
To study interobserver reliability, we calculated Fleiss 
kappa statistics with linear weighting (command kappa2 
in Stata (Lazaro et al., 2015)). The kappa coefficient 
evaluates observed agreement beyond that expected 
by chance. The 95% confidence intervals (CI) were 
estimated with the jackknife method(Roberts and 
McNamee, 2005). Interobserver reliability was 
categorized as follows: 0–0.20, poor agreement; 0.21–
0.40, fair; 0.41–0.60, moderate; 0.61–0.80, good; and 
0.81–1.00, very good. Comparisons of kappa values 
are reported with their 95% CI. 
The proportion of agreement (Pa) between observers 
was estimated with a method proposed by Grant 
(1991). Briefly, the Pa between two observers for a 
category X is the ratio between the number of CTG 
traces classified ―X‖ by both observers and the number 
classified ―X‖ by at least one observer. Because each 
trace is assessed by 6 observers, we considered 60×15 
pairs of observers, for 900 trials. The Chi-2 test (or 
Fisher’s exact test where appropriate) was used for Pa 
comparisons. 
 
Statistical analysis 
 

Then, the reliability and agreement of each session 
were calculated and compared (to explore a possible 
learning effect). Reliability and agreement were 
separately calculated for obstetricians and midwives 
and compared. In addition, we calculated the reliability 
of the evaluation of each component of the CTG. 
Finally, sensitivity and specificity for the prediction of 
metabolic acidosis were calculated for each observer 
and then compared between observers with the Mc 
Nemar test for paired data. 
 
 
RESULTS  
 
Figure 1 reports the distribution of the interpretation of 
CTG by the 6 examiners. CTG traces were classified as 
normal in 45% to 52% of cases, suspicious in 13% to 
30%, and pathological in 17% to 32% of cases;0% to 
13% were judged nonclassifiable. 
The overall interobserver reliability was good 
(kappa=0.62, 95%CI0.52-0.73) (Table 2). Agreement 
seemed good for CTGs classified as normal by the 
observers (Pa=71.5%, 95%CI67.5-75.2), moderate for 
those rated pathological (Pa=57.4%, 95%CI51.3-63.5), 
and poor for those rated suspicious (Pa=36.4%, 
95%CI30.9-41.9) (Table 2).  
Interobserver reliability was not significantly different 
between the first 30 CTGs (first session) and the next 
30 (second session). The proportion of agreement was 
significantly better in the second session than in the first 
session only for the CTG traces classified as 
pathological (Table 2). 

First, overall reliability and agreement were calculated.
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                   Fig. Distribution of CTGs classified into FIGO 2015 categories by the 6 observers. 
 

 

 
 

Table 2. Proportion of agreement and kappa coefficients, overall, by session of interpretation, for obstetricians and midwives . 
 

  Normal Suspicious Pathological Kappa 

Overall Trials 
a
 484 294 251  

  Pa (%) 71.5 36.4 57.4 K=0.62 

 95% CI (67.5-75.2) (30.9-41.9) (51.3-63.5) (0.52-0.73) 

Session 1 Trials 
a
 256 172 116  

  Pa (%) 69.1 32.6 47.4 K=0.45  

 95% CI (63.4-74.8) (25.6-39.6) (38.3-56.5) (0.31-0.61) 

Session 2 Trials 
a
 228 122 135  

 Pa (%) 74.1 41.8 65.9 K=0.59 

 95% CI (68.4-79.8) (33.0-50.6) (57.9-73.9) (0.49-0.72) 

P value
 b

   0.224 0.106 0.003  

Obstetricians Trials 
a
 96 58 49  

  Pa (%) 76 34.5 57.1 K=0.44 

 95% CI (67.5-84.5) (22.3-46.7) (43.2-71.0) (0.32-0.57) 

Midwives Trials 
a
 98 60 53  

 Pa (%) 65.3 35.0 52.8 K=0.63 

 95% CI (55.9-74.7) (22.9-47.1) (39.4-66.2) (0.53-0.74) 

P value
 c

   0.101 0.953 0.662  
(a) for each CTG (60), number of pairs of observers (maximum 15) with at least one observer placing the CTG in the category 
under consideration. 
(b) comparison of Pa between the 2 sessions by Chi-2 test 
(c)      comparison of Pa between obstetricians and midwives by Chi-2 test 
 

 
 
Interobserver reliability and agreement did not differ 
significantly between obstetricians and midwives (Table 
2). 
As Table 3 shows, interobserver reliability was good for 
the baseline assessment but moderate for that of 
variability. Reliability was moderate for the presence of 
decelerations, but ranged from poor to moderate 
depending on the type of deceleration. 
Sensitivity and specificity for predicting metabolic 
acidosis (20/60 deliveries) with the 2015 FIGO CTG 
classification varied between observers, ranging 

respectively from 25.0% (95%CI6.0-44.0) to 47.1% 
(95%CI23.3-70.8) and from 85.0% (95%CI73.9-96.1) to 
97.5% (95%CI92.7-100.0)(Table 4). 
 
DISCUSSION 
 
Overall interobserver reliability for interpretation of 60 
CTGs by 6 observers using the new FIGO classification 
was good. Interobserver agreement was good for CTG 
traces judged normal, moderate for those assessed as 
pathological, and poor for those considered suspicious. 
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Table 3. Interobserver reliability of CTG classification (overall and for each component) according to the 2015 FIGO classification, kappa 
coefficient and 95% CI. 
 

  kappa 95%CI kappa 

Overall 0.62 (0.52-0.73) 

Baseline 0.63 (0.49-0.79) 

Variability 0.49 (0.32-0.66) 

reduced variability 0.60 (0.41-0.81) 

normal variability 0.61 (0.43-0.81) 

Presence of decelerations 0.52 (0.38-0.69) 

early decelerations 0.19 (0.08-0.33) 

variable decelerations 0.38 (0.25-0.52) 

late decelerations 0.53 (0.37-0.70) 

prolonged decelerations 0.46 (0.31-0.63) 

Repetitive decelerations 0.46 (0.30-0.63) 

 
 

 

Table 2. Sensitivity and specificity of prediction of metabolic acidosisa by observer. 
 

 Sensitivity (%) 95%CI Specificity (%) 95%CI 

Observer A 45.0 (23.2-66.8) 97.3 (92.2-100.0) 

Observer B 30.0 (9.92-50.1) 97.4 (92.5-100.0) 

Observer C 40.0 (18.5-61.5) 87.5 (77.2-97.7) 

Observer D 47.1 (23.3-70.8) 94.6 (87.3-100.0) 

Observer E 25.0 (6.0-44.0) 97.5 (92.7-100.0) 

Observer F 45.0 (23.2-66.8) 85.0 (73.9-96.1) 

(a) defined as arterial umbilical pH<7.05 and base deficit>10mmol/l. 

 
 
This study has some limitations. First, the participants 
used the French classification (Carbonne et al., 2013) in 
their daily practice. Moreover, the training in the FIGO 
guidelines took place during a single 1-hour meeting. 
This lack of experience using the FIGO classification 
might have affected the results and resulted in potential 
underestimation. However, interobserver reliability did 
not differ significantly between the two sessions, that is, 
no learning effect was observed. Second, despite 
analysis of a total of 360 interpretations (60 CTGs, 6 
observers), confidence intervals were wide; they may 
reflect a lack of power and reduce the impact of our 
results. 
This study has also some strengths. The interpretation 
sessions were conducted in a standardized manner for 
each observer, and traces were randomly selected in a 
database with selection criteria. Another strength was 
the standardization of the training.  

Like many other studies aiming to estimate the 
interobserver reproducibility of CTG interpretation 
(Blackwell et al., 2011; Vayssière et al., 2009; 
Westerhuis et al., 2009), we chose to stratify the CTG 
traces to be analyzed according to neonatal umbilical 
pHa at delivery, to increase the proportion of suspicious 
and pathological CTG. Without stratification before 
random selection, most of the traces would have been 
classified as normal, and the Kappa coefficient would 
have been quite a bit lower, due to the high level of 
agreement expected by chance.  
Previous studies of CTG agreement have varied widely 
in the criteria chosen to assess reliability. Like some 
other authors (Bhatia et al., 2017; Blackwell et al., 2011; 
Rei et al., 2016; Santo et al., 2017), we chose as our 
primary outcome the overall interpretation of the CTG. 
Other studies have focused more on the decision about 
intervention during labor (Amer-Wåhlin et al., 2005;Ojala 
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et al., 2008; Palomäki et al., 2006; Ross et al., 2004; 
Vayssière et al., 2009).  
Because this outcome depends on a clinical decision 
based on the CTG interpretation, it appears more useful 
from a clinical perspective than the CTG classification 
alone (with its different components). It also, however, 
appears to be a composite criterion that can result in 
substantial heterogeneity, due to the variety of 
interventions possible: correction of reversible causes, 
close monitoring, adjunctive procedures, or expedited 
delivery. Moreover, comparison between two decisions 
to intervene at different times might be difficult: in acute 
situations, delaying the decision to intervene can 
increase the risk of severe acidosis and ischemic 
encephalopathy. 
Although the kappa coefficient and the Pa are the best 
tools for assessing the reliability of an agreement about 
the classifications of CTG traces, these statistical tools 
are not intended to compare different classification 
systems. We summarize here the results of 
comparisons of different CTG classification systems, 
but these comparisons cannot determine which system 
is the best. 
Studies using the 1985 FIGO CTG classification 
showed that its reliability was poor. In a study of 17 
intrapartum traceswith 3 observers, Ayres-de-Campos 
et al. (1999)reported it had an unweighted kappa of 
0.31 (95%CI0.11-0.51) for intrapartum CTG. More 
recently, Santo et al. (2017), in a study of 151 traces 
with 21 observers, found its reliability was fair, with a 
kappa coefficient (Light’s kappa for n raters) of 0.37 
(95%CI0.31-0.43) and moderate agreement (Paranged 
from 54 to 76%). 
Results of the 3-tier NICHD classification did not show it 
to be clearly better. With120 traces (randomized with 
stratification for arterial blood pH) interpreted by three 
observers, Blackwell et al. (2011) found an unweighted 
Cohen’s kappa of 0.45 (moderate reliability, CInot 
reported). Santo et al. (2017), however, found poor 
reliability with kappa=0.15 (95%CI0.10-0.21), with poor 
agreement for categories I (normal, Pa 26%,95%CI18-
33) and III (pathological, Pa 26%, 95%CI18-34) but 
good agreement for category II (suspicious, Pa 83%, 
95%CI81-86). 
Results for the NICE 2007 classification were equally 
mediocre with fair reliability (kappa=0.33, 95%CI0.28-
0.39) and moderate agreement in all categories (Santo 
et al., 2017). 
Rei et al. (2016) recently published the first study on 
interobserver reliability and agreement according to the 
2015 FIGO classification. Using 151 CTG traces 
interpreted by 6 observers, they found that agreement 
was good for traces rated as normal (Pa=67%, 
95%CI61-72) and moderate for those rated suspicious 
and pathological (Pa=54%, 95%CI48-60%, and 59%, 
95%CI51-66%, respectively).The overall interobserver 
reliability was fair (kappa=0.39, 95%CI0.33-0.45), 
poorer than our results. Results for the Pa were similar 

to our results except for CTG judged suspicious, which 
was better than in our study (36.4%, 95%CI 30.9-41.9).  
In another study, Bhatia et al. (2017)had 21 observers 
interpret 10 CTG traces. They found poor reliability 
(kappa=0.38),but the insufficient description of the type 
of kappa coefficient used and the absence of CI 
calculations limits its interpretation (Kottner et al., 
2011). 
Reliability in our study was good for baseline and 
moderate for variability and presence of deceleration. 
However, despite its importance for the global 
interpretation of CTG,we found that reliability for the 
type of deceleration was poor. These results are 
consistent with those of Rei et al. (2016), who found 
that reliability was moderate for baseline but poor for 
variability, presence of decelerations, and determination 
of both variable and late decelerations.Difficulties in 
interpreting decelerations in our study may explain the 
lack of reliability of the global interpretation. 
We found no significant systematic differences in 
reliability or agreement between the obstetricians and 
the midwives, although a trend suggested higher 
reliability among the midwives. Schiermeier et al. (2011) 
compared agreement of 24 obstetricians and 19 
midwives for 12 CTG traces. They reported a trend 
toward better agreement among the obstetricians, but 
no significant results. In any case, as in our study, the 
observers were volunteers, they were not randomized 
as a representative sample, and these results cannot 
be generalized to all obstetricians and midwives.  
CTG interpretation is aimed much more at preventing 
the consequences of asphyxia than predicting normal 
neonatal outcome. The sensitivity in our study for the 
prediction of metabolic acidosis was poor, consistently 
with the results by Chauhan et al. (2008) who found a 
sensitivity of 0% for predicting umbilical artery pH<7.00. 
Our observers, however, did not know the proportion of 
metabolic acidosis in the sample, which was predefined 
at 33%and thus very different from the proportion they 
deal with in real life (0.4% in our database).Had they 
known that the percentage of cases with metabolic 
acidosis was so unusual, their detection of CTG trace 
anomalies might well have been much better. 
In conclusion, despite good overall inter-observer 
reliabilityof CTG traces interpreted according to the 
2015 FIGO classification, agreement for suspicious 
CTGs remained poor. A major goal of the 2015 FIGO 
classification was to try to simplify interpretation, but our 
study shows that CTG analysis remains a difficult 
challenge for all practitioners working in delivery rooms. 
The inadequate performance of CTG for predicting 
acidosis at birth might be due in part to our focus on 
pattern recognition rather than a more physiological 
approach to CTG abnormalities. Teaching a more 
physiological analysis of intrapartum CTG traces may 
soon play a role in improving prediction of metabolic 
acidosis (Chandraharan, 2017). 
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