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Abstract: Background/Objectives: The classification of fetal heart rate (FHR) patterns is performed
visually by obstetricians and gynecologists, which sometimes results in problematic discrepancies
between assessments. Cardiotocography (CTG), which automatically performs pattern classifications
using a computer, has been introduced recently to address this problem. The purpose of this study
was to examine the reliability of assessments by obstetricians and by CTG (Trium), as well as identify
factors that contribute to differences in assessments. Methods: Obstetricians used the FHR guidelines
to perform pattern classifications according to baseline, variability, and deceleration of the FHR.
Inter-rater reliability, Trium-reliability, and intra-rater reliability were evaluated using Kappa scores.
Results: There was a high degree of agreement among obstetricians involved in the assessment of
FHR patterns. However, deceleration of the FHR was associated with disagreement with the Trium
CTG automatic assessment system, and there were clear differences in assessments between mild
variable and mild late, as well as severe variable and severe late patterns. Conclusions: These
findings suggest that the deceleration category program of Trium CTG could be improved to obtain
results closer to those of visual assessments.

Keywords: FHR pattern classification; TRIUM; kappa score; inter-rater reliability; intra-rater reliability

1. Introduction

Cardiotocography (CTG) is widely used in clinical practice to continuously measure the fetal
heart rate (FHR) and uterine contractions during delivery. In the Japanese guidelines, FHR patterns
are classified into 82 types based on three basic patterns (baseline, variability, and deceleration) and
their subdivisions. Combinations of FHR patterns are further classified into five levels to estimate the
degree of risk for conditions such as fetal hypoxia and acidemia. However, because pattern
classification is performed visually by obstetricians and gynecologists, discrepancies are a problem
[1-3]. The Trium CTG (Trium Analysis Online GmbH, Munich, Germany), which performs automatic
pattern classifications with a computer, has been introduced recently to address this issue. The
purpose of this study was to examine the reliability of assessments performed by obstetricians and
the Trium CTG, as well as identify factors that contribute to differences in assessments.

2. Materials and Methods

Obstetricians at our hospital followed the FHR guidelines (Tables 1 and 2) [4], recommended by
the Perinatal Committee of the Japanese Society of Obstetrics and Gynecology, to perform pattern
classifications. The classification of FHR patterns refers to the baseline, variability, and deceleration
of the FHR. The data analyzed were obtained from January 2011 to December 2017 and were read by
CTG at the National Cerebral and Cardiovascular Center and Mie University Faculty of Medicine
which have the same FHR monitors and were read by CTG. Informed consent was provided verbally
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and the data analyzed retrospectively. The study was approved by the Research Ethics Committees
of the Graduate School of Applied Informatics, University of Hyogo and Aino University (approval
number: Aino2012-010).

Table 1. The 5-level classification of FHR patterns (82 categories) [4].

Deceleration None Earl Variable Late Prolonged
ons © y Mild Severe Mild Severe Mild Severe
Normocardia 1 2 2 3 3 3 3 4
Tachycardia 2 2 3 3 3 4 3 4
Normal baselineMild
3 3 4 4 4 4 4
variability bradycardia
Severe
4 4 4 4
bradycardia
Normocardia 2 3 3 4 4 5
Decreased Tachycardia 3 3 4 4 4 5
Mild
. 4 4 5 5 5 5 5
baseline bradycardia
Varlablhty Severe
5 5 5 5
bradycardia
Undetectable baseline variability 4 5 5 5 5 5 5 5
Marked baseline variability 2 2 3 3 3 4 3 4
Sinusoidal pattern 4 4 4 4 5 5 5 5

1: Level 1, 2: Level 2, 3: Level 3, 4: Level 4, 5: Level 5. FHR, fetal heart rate.

Table 2. Levels of FHR patterns [4].

Level 1 Normal pattern
Level 2 Benign variant pattern
Level 3 Mild variant pattern
Level 4 Moderate variant pattern
Level 5 Severe variant pattern

FHR, fetal heart rate.

During the assessments, the clinical background of the patients was not provided, nor was there
any opportunity to exchange this kind of information among the raters. We added “assessment not
possible” for cases to which the guidelines did not apply. The following analyses were conducted to
examine the reliability of the assessments and factors associated with differences: inter-rater
reliability, Trium reliability, and intra-rater reliability.

The Kappa score was used to evaluate reliability. Kappa scores were categorized using Landis
& Koch's assessment table (Table 3) [5].

Table 3. Kappa score (Landis & Koch) [5].

<0.00 Poor agreement
0.00-0.20 Slight agreement
0.21-0.40 Fair agreement
0.41-0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-1.00 Almost perfect agreement
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2.1. Inter-Rater Reliability

Five raters from the same institution and five from different institutions, all of whom were
obstetricians in leadership positions in Japan, performed FHR pattern classification on 188 CTG
sections from 14 pregnant women. Data for which assessment was not possible were excluded and
those with agreement of more than half of the raters (three) were included. The Kappa scores of raters
from the same and different institutions, as well as Kappa scores by category, were analyzed.

2.2. Trium Reliability

Eleven obstetricians working at the same institution performed FHR pattern classification on
101 CTG sections from 12 pregnant women. Data for which assessment was not possible were
excluded and those with agreement of more than half of the raters were included. The Kappa scores
between raters and Trium, as well as Kappa scores by category, were analyzed.

2.3. Intra-Rater Reliability

One obstetrician performed a second assessment of the pattern classifications of the 101 sections
from the 12 pregnant women after a month had passed since the first assessment. Agreement between
the first and second assessments was analyzed.

3. Results
3.1. Inter-Rater Reliability

3.1.1. Kappa Scores of Raters from the Same and Different Institutions

Table 4 shows the Kappa scores of the five raters from the same institution and the five from
different institutions. Both had a fair agreement on variability and level. The reference values in the
table indicate the degree of agreement between the majority opinions of raters from the same and
different institutions. Agreement between them was “substantial” for variability and level, as well as
“almost perfect” for baseline and deceleration.

Table 4. Kappa scores of raters from the same and different institutions.

Same Different Reference value
institution institutions
Baseline 0.60 0.57 0.87
Variability 0.45 0.31 0.79
Deceleration 0.48 0.56 0.94
Level 0.39 0.38 0.76

3.1.1. Kappa Score by Category

Table 5 shows the Kappa scores of each FHR category. Kappa scores tended to be higher for
normal patterns in all categories and for raters from both the same and different institutions.
Moderate agreement was seen with tachycardia, and a severe prolonged pattern showed substantial
to almost perfect agreement, demonstrating high levels of agreement overall.
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Table 5. Kappa score categories.
Different
Category o Same institution
institutions

Variability Moderate 0.32 0.45
Different institutions: Minimal 0.30 0.46
n=46 Marked 0.12 0
Same institution:  Sinusoidal 0.12 0
n=146 Absent 0 0
Baseline Normocardia 0.57 0.61
Different institutions: Mild bradycardia 0.06 0.29
n=143 Severe bradycardia 0.37 0
Same institution:
=150 Tachycardia 0.65 0.63

None 0.64 0.70

Early 0.00 0.09
Deceleration Mild variable 0.56 0.45
Different institutions:

Mild late 0.33 0.31
n=111

L Mild prolonged 0.18 0.28

Same institution:

Severe variable 0.09 0.20
n=135

Severe late 0.58 0.45

Severe prolonged 0.81 0.72
Level Level 1 0.48 0.66
Different institutions: Level2 0.38 0.36
n=126 Level 3 0.38 0.30
Same institution: 1 evel 4 0.36 0.36
n=135 Level 5 0.23 0.44

3.2. Trium Reliability

3.2.1. Kappa Score Between Raters, as Well as Between Trium and Raters

The majority of the 11 raters (six or more) agreed on the pattern classifications of the 101 sections
in baseline (98 [97%]), variability (96 [95%]), deceleration (61 [60%]), and level (66 [65%]). Kappa
scores between the 11 raters and Trium ranged from fair to moderate agreement for all categories.
However, agreement with the reference values ranged from substantial to almost perfect in baseline
and variability but ranged from moderate in deceleration and level (Table 6).
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Table 6. Kappa score between raters, as well as between Trium and raters.

Assessments of 11

Reference value

Trium

raters
Baseline (n=98) 0.34 0.49 0.94
Variability (n=96) 0.43 0.45 0.71
Deceleration

0.55 0.36 0.54
(n=61)
Level (n=66) 0.45 0.38 0.46

3.2.2. Kappa Score by Category

Table 7 shows the Kappa scores of each category. Kappa scores tended to be relatively high for

the normal results in all categories, as well as for both raters from the same institution and Trium.

Kappa scores of Trium tended to be higher in variability and baseline, while those of the 11 raters

from the same institution tended to be higher in deceleration and level.

Table 7. Kappa scores by category.

Category 11 raters Trium
Moderate 0.32 0.59
Minimal 0.3 0.68
Variability Marked 0.29 0
Sinusoidal 0 0
Absent 0 0
Normocardia 0.43 0.80
Baseline Mild bradycardia 0 0
Severe bradycardia 0 0
Tachycardia 0.44 0.80
None 0.77 0.74
Early 0.54 0
Mild variable 0.54 0.46
Deceleration Mild late 0.33 0
Mild prolonged 0.25 0
Severe variable 0.56 0.40
Severe late 0.33 0
Severe prolonged 0.53 0.37
Level 1 0.67 0.67
Level 2 0.40 0.31
Level Level 3 0.38 0.28
Level 4 0.24 0.65
Level 5 0.13 0
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3.2.3. Intra-Rater Reliability

Table 8 shows the agreement when one obstetrician performed a second reading sometime after
a month reading. The agreement between the two FHR pattern classifications was very high at >290%
in baseline and variability, in which the Kappa scores were between substantial and almost perfect
agreement.

In contrast, the agreement rate in deceleration and level was approximately 60%, and the Kappa
scores also showed moderate agreement.

Table 8. Agreement for the same obstetrician (n=101).

Baseline Variability Deceleration  Level
Kappa 0.93 0.71 0.54 0.45
coefficient
Agreement rate 99% 93% 60% 60%
(%)

4. Discussion

The reliability of CTG readings has been assessed using various methods. One example is to link
the CTG results with actual birth outcomes (umbilical cord artery blood data) for analysis, assessment
of CTG data by different readers, and checking the agreement rate.

The Japanese Society of Obstetrics and Gynecology has established five levels to estimate the
degree of risk of conditions such as fetal hypoxia and acidemia. FHR pattern classification includes
82 categories, based on the results of baseline, variability, and deceleration. However, the number of
categories means that it is difficult to perform assessments; therefore, a five-level classification is
generally used. This is not seen as a problem because the medical treatment is the same. However,
this also means that discrepancies may exist in level assessments. We analyzed inter-rater reliability,
Trium reliability, and intra-rater reliability to examine the reliability of FHR pattern classification and
factors contributing to discrepancies.

The results of Kappa scores within the same institution and between institutions showed fair
agreement on both variability and level. However, the degree of agreement between readers was
relatively good, and there were no differences between institutions. The factor contributing to
differences in the interpretation between the automatic CTG assessment system (Trium) and
obstetricians was identified as decelerations. The reason could be due to differences between the
assessment of mild variable and mild late, as well as between severe variable and severe late, which
caused the agreement on levels to decrease.

Intra-rater reliability for a single obstetrician is higher than the inter-rater agreement rate
between obstetricians [3]. Previous studies have shown that agreement rates among different raters
are highly variable [2], which was also the case in the present study. The reason for this was the
assessment of deceleration, with the most common disagreements occurring between mild variable
and severe variable, as well as between severe variable and severe late. However, we believed this
was due, in part, to assessor factors.

In this study, we examined the factors of disagreement in CTG readings. Differences associated
with the subjectivity of readers and interpretation of guidelines were some hypothesized factors, but
the results of this study negate these hypotheses. Another factor was the quality of CTG, particularly
with the automatic CTG assessment system (Trium), where unreadable data is not an option and all
readings are classified into some category. Results are always classified into some category even
when patterns consist of many indistinguishable complicated patterns in the 10 minutes. In this study
as well, mild variable, mild late, severe variable, and severe late sometimes appeared as temporary
changes, and these were likely important factors for disagreement between readings.
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Kappa scores were used in this study, which are known to be lowered by data bias [6]. Previous
publications have shown that agreement rates decline with worse FHR patterns [7-9], which,
therefore, was avoided by utilizing CTG from cases with umbilical cord arterial blood pH <7.15 at
birth in the current study. Nevertheless, the high percentage of normal waveforms suggested that
some Kappa scores may have been lower than they would have normally been. Moreover, one of the
limitations of the study was the discrepancy in the results of the automatic CTG assessment system
(Trium) due to deceleration; it is suggested to improve this to enhance the agreement on the level.

5. Conclusions

This study found a high rate of agreement in FHR pattern readings between specialist
obstetricians. Meanwhile, the assessment of deceleration by the same obstetrician showed only 60%
agreement, highlighting the ongoing difficulty in interpreting decelerations.
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