Received: 12 January 2023 | Revised: 23 April 2023

Accepted: 25 April 2023

DOI: 10.1111/a0gs.14591

SYSTEMATIC REVIEW

Reliability and agreement in intrapartum fetal heart rate
monitoring interpretation: A systematic review

Christina Hernandez Engelhar
Aase Serine Devold Pay?>* | Anne Kaasen?

INorwegian Research Centre for Women's
Health, Oslo University Hospital, Oslo,
Norway

2Fa\culty of Health Sciences, Oslo
Metropolitan University, Oslo, Norway

SDivision for Health Services, Norwegian
Institute of Public Health, Oslo, Norway

“Department of Gynecology and
Obstetrics, Baeerum Hospital, Vestre Viken
Hospital Trust, Gjettum, Norway

Department of Methodology and
Statistics, Maastricht University,
Maastricht, Netherlands

Correspondence

Christina Hernandez Engelhart, Oslo
universitetssykehus, Rikshospitalet,
Nasjonalt senter for kvinnehelseforskning,
Postboks 4950 Nydalen, 0424 Oslo,
Norway.

Email: cheng@oslomet.no

Funding information
Norwegian Research Centre for Women's
Health, Oslo University Hospital

t¥2® | Kjetil Gundro Brurberg® | Kristin Jerve Aanstad® |

| Ellen Blix?® | Sophie Vanbelle®

Abstract

Introduction: Fetal heart rate (FHR) monitoring is routine in intrapartum care world-
wide and one of the most common obstetrical procedures. Intrapartum FHR monitor-
ing helps assess fetal wellbeing and interpretation of the FHR help form decisions
for clinical management and intervention. It relies on the observers' subjective as-
sessments, with variation in interpretations leading to variations in intrapartum care.
The purpose of this systematic review was to summarize and evaluate extant inter-
and intrarater reliability research on the human interpretation of intrapartum FHR
monitoring.

Material and Methods: We searched for the terms “fetal heart rate monitoring,” “inter-
pretation agreement” and related concepts on Embase, Medline, Maternity and Infant
Care Database and CINAHL. The last search was made on January 31, 2022. The pro-
tocol for the study was prospectively registered in PROSPERO (CRD42021260937).
Studies that assess inter- and intrarater reliability and agreement of health profession-
als' intrapartum FHR monitoring were included and studies including other assess-
ment of fetal wellbeing excluded. We extracted data in reviewer pairs using quality
appraisal tool for studies of diagnostic reliability (QAREL) forms. The data retrieved
from the studies are presented as narrative synthesis and in additional tables.
Results: Forty-nine articles concerning continuous FHR monitoring were included in
the study. For interrater reliability and agreement, in total 577 raters assessed 6315
CTG tracings. There was considerable heterogeneity in quality and measures across
the included articles. We found higher reliability and agreement for the basic FHR
features than for overall classification and higher agreement for intrarater reliability
and agreement than for their interrater counterparts.

Conclusions: There is great variation in reliability and agreement measures for con-
tinuous intrapartum FHR monitoring, implying that intrapartum CTG should be used

with caution for clinical decision making given its questionable reliability. We found

Abbreviations: CTG, cardiotocography; FHR, fetal heart rate; IA, intermittent auscultation; ICC, intraclass correlation coefficients; Pa, proportion of agreement; Ps, proportion of

specific agreement; QAREL, quality appraisal tool for studies of diagnostic reliability; x, kappa statistics.
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1 | INTRODUCTION

Intrapartum fetal heart rate (FHR) monitoring is a critical component
of the assessment of fetal wellbeing, aimed at identifying inade-
quately oxygenated fetuses to facilitate timely intervention to pre-
vent fetal damage. There are two main methods for assessing FHR:
intermittent auscultation (IA) and continuous electronic monitoring
via cardiotocography (CTG).! IA was the main method for fetal moni-
toring during labor until CTG was introduced into clinical practice in
the late 1960s.! Pinard stethoscopes and hand-held Doppler devices
are the most common instruments used for IA.2 CTG is used alone
or in conjunction with other methods, such as fetal scalp blood sam-
pling and ST segment analysis of the fetal electrocardiogram. CTG is
one of the most common obstetrical procedures and, along with IA,
is routine in intrapartum care worldwide.»%*

FHR assessment is a clinical observation that depends on ob-
servers' subjective skills and clinical guidelines for interpretation.
When assessing FHR through IA, the observer evaluates heart rate
baseline, rhythm, and the presence and absence of accelerations
and decelerations.® With CTG, the observer evaluates the basic FHR
features of baseline, variability, accelerations, and decelerations, as
well as maternal uterine contractions. Based on these features, ob-
servers derive an overall CTG classification that determines if the
CTG tracing is normal or abnormal.® As interpretations of IA and
CTG help form decisions for clinical management and intervention,
any variation in them will lead to variations in intrapartum care.
Consequences of these variations may result in excessive, inappro-
priate, or lack of appropriate interventions.!

Health professionals' interpretations of a clinical test include
measurement error, which can be quantified using reliability and
agreement. Reliability refers to the degree to which a measurement
procedure can distinguish between patients, despite measurement
error.’ Agreement refers to the closeness of repeated measurements
of the same patients made under similar conditions.” Interrater re-
liability and agreement studies involve multiple observers (raters)
who evaluate the same patients in similar conditions, while intrarater
reliability and agreement studies involve repeated measurements
made by a single observer of the same patients.”

To our knowledge, there is no systematic review that assesses
observer variability in human interpretations of intrapartum FHR
monitoring. A consolidated look at existing research might reveal
where interpretation needs to be improved. The aim of this system-
atic review was thus to summarize and evaluate extant inter- and
intrarater reliability research on the human interpretation of intra-
partum FHR monitoring.

few high-quality studies and noted methodological concerns in the studies. We recom-

mend a more standardized approach to future reliability studies on FHR monitoring.

agreement, fetal heart rate, fetal monitoring, interrater and intrarater, observer variation,
reliability, reproducibility of results, systematic review

Key message

There is a diversity of reliability and agreement studies of
intrapartum fetal monitoring interpretation. The studies
are heterogenetic, with wide variations of reliability and

agreement.

2 | MATERIAL AND METHODS

This study was conducted in line with the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) 2020 check-
list® and Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) guidelines.9 The protocol was prospectively registered in
PROSPERO (CRD42021260937).

2.1 | Search strategy and data sources

We systematically searched the electronic databases Embase (Ovid),
Medline (Ovid MEDLINE ALL), Maternity and Infant Care Database
(Ovid), and CINAHL (Ebsco) for relevant literature. A senior medical
librarian at the University of Oslo performed the searches in August
2021 and again on January 31, 2022, to search for new published
articles. Controlled vocabulary (MeSH, Emtree terms) and free-text
search terms of the two concepts “fetal heart rate monitoring” and
“interpretation agreement” were combined with the Boolean op-
erator AND. The search was not restricted by language. The search
strategy was designed to identify all studies on reliability, agree-
ment, and validity/accuracy as these terms are often used incor-

rectly. The search strategy is detailed in Table S1.

2.2 | Eligibility criteria

Two reviewers (CHE and EB) independently screened the titles and
abstracts derived from the database searches using Rayyan (Qatar
Computing Research Institute), a web and mobile app for systematic
reviews.'° Reviewer pairs (CHE & EB, CHE & AK, CHE & ASDP, CHE &
KJA, CHE & SV) assessed articles in full for inclusion. Disagreements
were resolved via consensus through discussions, with a third re-
viewer invited if needed.

We included all quantitative studies that assess the inter- and
intrarater reliability of intrapartum FHR monitoring, irrespective of
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study design, study setting, type of observers, or reported statis-
tical measure. The studies had to be available in languages under-
stood by the reviewers (Dutch, English, French, German, Spanish,
or a Scandinavian language). Studies including assessments of fetal
wellbeing other than FHR, duplicates, unpublished articles, gray lit-
erature, abstracts, and non-scientific material were excluded.

2.3 | Quality assessment and data extraction

We used the quality appraisal tool for studies of diagnostic reliability
(QAREL) for the quality appraisal and data extraction.***? The review-
ers tested and agreed upon criteria for the interpretation of the items
in the form. The quality appraisal tool consists of 11 items, and a higher
score indicates higher quality (Table S2a,b). A data extraction form was
used in combination with the QAREL forms*2 and featured 23 items, all
related to the 11 items in the QAREL, that covered design and setting,
type of reliability, population characteristics, observers, types of tests,
statistics used, and the appropriateness of the statistics reported. The
reviewer pairs independently assessed the studies' methodological
quality and extracted data from each eligible article. Disagreements
were discussed until consensus was reached. We contacted the study
authors for clarification where necessary.

2.4 | Data analysis

We reported all statistical measures used in the selected reliability
and agreement studies. For studies of intrapartum FHR monitoring
via CTG, we examined results for FHR baseline, variability, accelera-
tion, deceleration, and overall tracing classification. For those which
concern |IA, we assessed FHR baseline, acceleration, deceleration,
rhythm, and overall heart rate classification. We planned to conduct
subgroup analyses based on FHR assessment method (IA or CTG),
profession, experience, training, and guidelines used, and to perform
meta-analyses of studies that were sufficiently similar from a clinical
and statistical standpoint.

3 | RESULTS

3.1 | Study selection

The electronic literature search resulted in 2671 articles, and a manual
search of reference lists yielded two additional articles. The screening
procedure is described in Figure 1, and the PRISMA flow diagram and
our reasons for full-text exclusions are given in Table S3. After screen-
ing, and assessing 151 articles in full text, we included 49 articles about

[ Identification of studies via databases and registers ]
)
Records identified from
= Databases:
< Medline (Ovid) (n=1674)
E Embasg (Ovid) (n=1811) q Duplicate records removed
£ Maternity & Infant before screening
= Care Database (n = 1867)
k] (MIDIRS) (n=423)
CINAHL (Ebsco): (n =629)
Reference list (n=1)
—
\ 4
—
Records screened Records excluded
—> =251
(n = 2671) (n=2519)
4
Reports sought for retrieval Reports not retrieved
= (n=152) (n=1)
'S
[
g
] A4
R | 1102 |
Reports assessed for eligibility e%&zsgﬁﬁgi% :%1 ;ota
(n=151) Not reliability between
human raters (n = 20)
Not scientific (n = 19)
Not reliability studies (n = 18)
Not reliability of FHR (n = 15)
Not relevant data (n = 6)
— Systematic review (n = 1)
FIGURE 1 PRISMA 2020 flow diagram. FDietrslcted &7 = t1,) -
Source: Page MJ, McKenzie JE, Bossuyt § Studies included i . ouble publication (n = 1)
PM, et al. The PRISMA 2020 statement: S| | piag ey
an updated guideline for reporting £
systematic reviews. BMJ. 2021;372:n71.
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the reliability and agreement of CTG, but did not identify any eligible

articles that assess reliability or agreement for IA.

3.2 | Study characteristics

The studies were conducted in Europe, North America, Asia, and
Oceania in various clinical settings. The study populations varied in
terms of risk, gestational age, stage of labor, and neonatal outcomes.
The observers were midwives, nurses, physicians, medical students,
and “clinical experts” (e.g., had expertise in fetal monitoring). In total,
577 raters assessed 6315 CTG tracings (interrater reliability and agree-
ment), and 123 raters (one study with an unknown number of raters) as-
sessed 1170 CTG tracings twice (intrarater reliability and agreement).
We identified 17 different guidelines used to interpret CTG tracings,

13-1% and some had

of which four had two editions from different years
similar content.? 22 These guidelines are described in Table S4. Table 1

outlines the detailed characteristics of the 49 included articles.

3.3 | Statistical reliability and agreement measures

Statistical measures to assess reliability and agreement varied
across the articles (Table 1), with proportion of agreement (Pa),
kappa statistics (), proportion of specific agreement (Ps), and in-
traclass correlation coefficients (ICC) most often reported. Pa is
an absolute agreement measure reporting the proportion of cases
in which raters agree.24 K corrects that proportion for agreements
expected by chance and ranges from -1 to +1, with +1 indicating
perfect chance agreement, O being equivalent to chance, and nega-
tive estimates representing under chance agreement. Weighted «
further attributes different weights to disagreements according to
the magnitude of the disagreement.24 Ps gives the probability that
two raters assign a participant to a category given that at least one
of the raters assigned the participant to that category.25 Lastly, ICC
tells how strongly repeated measurements made on the same sub-
jects resemble each other. Its minimum and maximum values are O
and 1, respectively.?¢

Several of the included articles used prearranged tables to in-
terpret x values (e.g., Landis & Koch).?” We decided not to use these
tables as the interpretation of x depends on study context and the
population studied, and one table cannot account for the variety
across heterogeneous studies. In addition, the prearranged tables

do not include confidence interval interpretations.”

3.4 | Reliability and agreement in intrapartum
fetal monitoring

The data retrieved from the included studies are presented in
Table 1, Tables S5-S10 and as narrative synthesis. The groups used
in the narrative synthesis (CTG tracing classification, FHR baseline,
FHR variability, FHR decelerations, FHR accelerations), are based

on clinical relevance and how the included studies grouped their
results. As the included studies were excessively heterogenetic, in
terms of population, methods and statistics used, we did not per-
form any meta-analysis.

The interrater reliability and agreement assessment of the CTG
tracings were grouped per classification (n=33 studies; Table S5),
baseline (n=17; Table Sé), variability (n=21; Table S7), decel-
erations (n=21; Table S8), and accelerations (n=15; Table S9).
Interrater reliability and agreement were described using «, Pa, Ps,
and ICC.

Guidelines for the classification of CTG tracings were based
on different tier-classification systems, with tiers equivalent to the
classification categories used for interpretation (e.g., normal, sus-
picious, and pathological). The most frequently used guideline was
International Federation of Gynecology and Obstetrics (FIGO) 2015
(n=15; Table 55).

Of the 33 articles that presented classification measures, 29
presented measures for overall tracing classification. The x coeffi-
cients and Pa varied considerably, with « values ranging from lower
than excepted by chance to almost perfect reliability and agreement
(Table S5).

Thirteen articles assessed agreement on a specific category in
the tier-classification system. In most studies, higher « values and Pa
were more frequent for normal CTG classifications than for abnor-
mal classifications (Table S5).

Nine articles'>?831-%7

reported an association between type of
guideline used for interpretation and interrater reliability. For « co-
efficients, we did not find any consistency across articles between
x magnitude and the type of guideline used, but in two studies re-
porting Pa, the American College of Obstetricians and Gynecologists
(ACOG) was associated with the highest agreement level?®3¢
(Table S5). We present extracted « coefficient measures with FIGO
guidelines in Table 2.

In general, reliability and agreement were higher for FHR base-
line compared to classification, variability, and decelerations. We
also found a higher Pa for normal baseline classifications as com-
pared to abnormal classifications®%3¢%8 (Table S6).

The reported reliability for variability differed considerably. For
agreement, we found a higher Pa for normal variability classifica-

tions than for abnormal classifications,30:3¢-38-40

except for one mea-
surement in one study where reduced variability showed the highest
agreement when x was used (Table 57).%7

Several studies grouped reliability and agreement according to
type of deceleration. In general, the variable deceleration had the
lowest k coefficient and the variable late deceleration had the low-
est Pa. Prolonged decelerations showed the largest x and Pa values
(Table S8).

Reliability and agreement for FHR accelerations varied, but
mostly yielded large « values, ICC, and Pa (Table S9).

We found 14 articles that assessed intrarater reliability. The CTG
tracing assessments were grouped per classification (n=11 studies),
baseline (n=2), variability (n=4), decelerations (n=2), and acceler-
ations (n=2; Table S$10). For variability, baseline, acceleration, and
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(Continued)

TABLE 1

QAREL

Quality

Reliability and

Author (year),
country

appraisal

agreement measures

Raters Reliability Guideline

Subjects

Objective

8/11

Fleiss kappa

ACOG 2009,

Interrater; classification,

=3; expert

Interrater R

150; mixed pH

Interrater N

Evaluate interobserver agreement and the

Zamora del

FIGO 2015,

baseline, variability,

decelerations,
accelerations

reviewers

ranges, singleton cephalic,

at term

capacity to predict neonatal acidemia of
the patterns categorized as pathological

from the updated cardiotocographic
guidelines FIGO in 2015, ACOG in

2010, NICE in 2017, and the new

Pozo et al.®*

NICE 2017,

(2021), Spain

Chandraharan

guideline based on fetal physiology by

Chandraharan in 2018

Note: The characteristics of the included studies only presents characteristics used in the synthesis.

Abbreviations: ACOG, The American College of Obstetricians and Gynecologists; CNGOG, Le Collége National des Gynécologues et Obstétriciens Francais; CNM, Certified Nurse Midwife; CTG,

cardiotocogram; EFM, electronic fetal monitoring; FBS, fetal blood sampling; FHR, fetal heart rate; FIGO, International Federation of Gynecology and Obstetrics; GA, gestational age; ICC, intraclass
correlation coefficient; JSOG, Perinatology Committee of the Japan Society of Obstetrics and Gynecology; MFM, Maternal Fetal Medicine; NE, neonatal encephalopathy; NICE, National Institute for

Health and Care Excellence; NICHD, National Institute of Child Health and Human Development; OB, obstetric; pH, potential of hydrogen; RANZCOG, Royal Australian and New Zealand College of

Obstetricians and Gynecologists; RCOG, Royal College of Obstetricians and Gynecologists; RN, registered nurse; STAN, ST-analysis; SWE, National template Sweden; UA, umbilical artery.

#The papers cite Gant, understood as Proportion of specific agreement (Chamberlain). Chamberlain can only be computed for specific categories, but the results in the study are computed globally.

deceleration, the « coefficients were high. For overall classification
of the CTG tracings, x and Pa varied but were mostly high.
Five articles assessed reliability in relation to rater experi-

80.36:41-43 414 six in relation to rater profession (Tables S5-

ence
$10).414244-47 |n general, across the articles we did not find any clear
association between rater experience or profession and reliability.
In turn, we found three articles assessing reliability of FHR baseline,
variability, and accelerations in relation to pre- and post-training ses-

44,48,49

sions, where reliability and agreement were generally higher

after training sessions.

3.5 | Methodological quality

The results of the quality assessment of the included studies using
QAREL are described in Table S2. Two of the 11 items in the QAREL
(items 4 and 9) were not relevant to the interobserver reliability arti-
cles, and one (item 9) was not relevant to the intraobserver reliability
articles. The quality scores ranged from 3 to 9 for inter- and 3 to
10 for intraobserver reliability. We found that variations in quality

scores were mainly due to insufficient reporting (Table S2).

4 | DISCUSSION

We reviewed 49 articles that examine inter- and intrarater reliability
and agreement for intrapartum FHR monitoring interpretation. No
studies assessing IA monitoring met our inclusion criteria. The stud-
ies were of different methodological quality, with low to high quality
scores according to the QAREL checklist.

We found considerable heterogeneity in the study populations
and reliability reported in the articles in term of patient population
and statistical methods used. Due to the high heterogeneity we
decided not to present results from meta-analyses. Materials and
methods were generally reported inadequately, particularly regard-
ing subject population. Many of the studies did not report confi-
dence intervals. The k coefficient, Pa, Ps, and ICC were the most
frequently reported measures of reliability and agreement.

The four basic FHR features and overall CTG tracing classifi-
cations were interpreted using 17 different clinical guidelines. For
interrater reliability, we found that the studies reported higher reli-
ability (x and ICC) and agreement (Pa and Ps) for basic FHR features
than for overall CTG tracing classifications. Most of the interrater
reliability studies showed higher agreement (Pa and Ps) in normal
tracing classifications, baseline, and variability than in abnormal clas-
sifications. We also found generally higher intra- than interrater reli-
ability. We did not find any clear association in the studies between
reliability and rater experience or profession, but higher reliability
was achieved after training sessions.

The studies included used subjective FHR pattern assessment
as a measurement instrument. This assessment is commonly inter-
preted according to clinical guidelines in which FHR patterns and
uterine contractions (CTG) are evaluated. Guidelines are usually
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TABLE 2 Results of interobserver variation in classifying intrapartum cardiotocograph with FIGO guideline.

Authors and year
Ayres-de-Campos et al.”” (1999)
Bhatia et al.?? (2017)

Devane and Lalor®* (2005)
Ekengard et al.»® (2021)

Garabedian et al.?® (2017)
Hruban et al.”® (2015)
Lemoine et al.”% (2016)

Marti Gamboa et al.?? (2017)"
Rei et al.%° (2016)
Sabiani et al.*® (2015)f

Santo et al.*¢ (2017)
Vejux et al.*” (2017)
Zamora del Pozo et al.®! (2021)

Guideline

Additional grouping
(population)

FIGO 1987

FIGO 2015

FIGO 1987

FIGO 2015

Acidemic

Non acidemic

FIGO 2015

FIGO 1987

FIGO 1987

1cm/min

1cm/min weighted kappa
1cm/min complete
2cm/min

2cm/min weighted kappa
2cm/min complete
FIGO 2015

FIGO 2015

FIGO 1987

Last 60min before birth
All cases

Adverse outcome

Last 30min before birth
All cases

Adverse outcome

FIGO 1987

FIGO 1987

FIGO 2015

Reliability estimates

Kappa (95% ClI)

Overall, global

0.312%(0.11-0.51)

0.38°
0.69

0.47°(0.32-0.62)
0.91° (0.87-0.96)
0.599(0.49-0.67)

0.255°(0.253-0.258)

0.42

0.54 (0.44-0.64)
0.22

0.39

0.51 (0.40-0.63)
0.28

0.466
0.39%(0.33-0.45)

0.13"(0.10-0.16)
0.13"(0.10-0.16)

0.12"(0.07-0.16)
0.12"(0.08-0.16)
0.378(0.31-0.43)
0.331'(0.27-0.39)
0.35°(0.28-0.41)

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics.

2Cohen's Kappa.

bWeighted kappa (linear weights).
‘Free-marginal kappa.
dKrippendorf alpha.

Fleiss kappa.

Not all data are extracted.
8k-Light's kappa.

Normal

0.54

0.568

0.46 (0.36-0.55)

Suspicious

0.77

0.288

0.29 (0.20-0.39)

Pathological

0.75

0.538

0.29 (0.20-0.38)

PKappa (multiple raters'-unclear type).
iWeighted kappa (unclear weights).

developed through expert consensus and used by diverse health-
care professionals.**® We identified 17 guidelines in this systematic
review but did not find any clear association between the type of
guideline used for interpretation and level of reliability. Intrarater
reliability and agreement levels were higher than their interrater
counterparts, meaning that the same rater was more consistent

when interpreting the same tracing twice than different raters who

interpreted the same tracing. This might reflect the subjectivity of
interpretations, where one rater will likely interpret and adopt the
same guideline each time, whereas different raters might have dif-
ferent understandings of the same guideline.*°

When exploring disagreements between raters, we did not find
any clear association between rater experience and profession,

but agreement could be improved through training sessions. Kelly
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1.5! reviewed the impact of intrapartum CTG training, finding that

eta
it has a favorable effect on participant knowledge and skills and that
it improves interobserver reliability compared to no training. The
certainty of these two pieces of evidence was considered low and
very low, respectively, but training is recognized to ensure the ap-
propriate use of CTG.**

We found that the raters reached higher reliability and agreement
for basic FHR features than for overall CTG tracing classifications.
Notably, to classify a CTG, all four FHR features and uterine contrac-
tions need to be evaluated.™ Our results indicate that it is easier to
assess and interpret one basic FHR feature than it is to make a more
complex interpretation of multiple features. In fact, the variations in
the measurements reported for overall CTG classification, points to
a weakness of intrapartum FHR monitoring. CTG classifications is an
important aspect of intrapartum care, as it is used as basis for intra-
partum intervention decisions. This is important to emphasize, par-
ticularly considering the widespread use of CTG. Variations in the
interpretation of FHR monitoring, will probably affect the consistency
of intrapartum care. This is further complicated by the fact that it ap-
peared easier for the raters to agree on normality than abnormality, as
most of the studies reported a higher Ps when the tracings, baseline,
and variability were classified as normal. In fact, the real strength of
intrapartum FHR monitoring might lie in its prediction of the absence
of fetal metabolic acidemia.l*>? FHR patterns are also sensitive indica-
tors with limited specificity when predicting fetal hypoxia'* and FHR
interpretations might be complicated by their pattern complexity. In a
recent study, Johnson et al.>® points to this fundamental weakness in
the use of electronic FHR monitoring. The authors question if further
interpretation improvement will enhance the usefulness of continuous
FHR monitoring and significantly alter clinical outcomes. The wide bi-
ological variability in the fetus's ability to tolerate intrapartum hypoxic
stress also leads to an unpredictable and highly variable individual
threshold for injury outcomes and may have less to do with clinicians'
inadequate pattern interpretation.

It is correspondingly important to emphasize that FHR patterns
should be interpreted in conjunction with maternal, fetal, and ex-
ternal factors for a comprehensive understanding of fetal wellbeing
and appropriate management in the real clinical world.**?° The rat-
ers in the included studies mostly interpreted CTG tracings outside
a clinical context; they were thus taken out of a potentially stressful
environment and had the opportunity to discuss the situation with
colleagues. This is a common means of performing reliability studies,
as it allows for exact reliability measurements.3? However, it might
also affect external validity and generalizability, as reliability in a
real-life context might differ.

To our knowledge, this is the first systematic review to assess re-
liability and agreement in intrapartum FHR monitoring. A strength of
this review is its comprehensive systematic literature search, which
placed no restriction on type of study, language, or publication date.
Reviewer pairs assessed all the included articles, and we have all pre-
sented a thorough review of our findings.

However, this study still has limitations. We did not identify
articles on |IA assessing reliability and agreement, which limited

our original intentions of reviewing articles about both CTG and
IA. There was considerable heterogeneity across the included ar-
ticles, which meant that we were not able to perform the intended
meta-analysis. In addition, several of the articles had scarce data
regarding setting, methods, and study population. We found great
variability in the reported measures of reliability as well, and in
the included studies' quality scores. We did not grade quality of
evidence as the data found in this systematic review do not fit
any existing grading framework. Thus, our results should be inter-
preted carefully.

We noted that several of the included studies did not meet
the Guidelines for Reporting Reliability and Agreement Studies
(GRRAS), which is a frequently recognized challenge within these
types of studies.” In particular, the type of statistical measure used
was sometimes not sufficiently detailed (e.g., the type of weights
used for k, whether the Ps or Pa was computed for specific catego-
ries) or not appropriate (e.g., Pearson's correlation coefficient was
used as a reliability measure). The subject population was also often
inadequately reported.

The included studies further reported a variety of reliability
and agreement measures. First, some studies inappropriately used
Pearson's correlation, McNemar's test, and Fisher's one-tailed
test as reliability or agreement measures. Second, the concepts of
agreement and reliability were sometimes misused interchange-
ably, though they are two different concepts.” Among the statisti-
cal agreement measures presented in the included studies, only «
and quadratic weighted « can be interpreted as reliability measures,

as defined in Lord and Novick's>>>4

classical test theory. Further,
reliability is a measure specific to the population studied and can
only be generalized to populations with similar characteristics.” In
addition, interrater reliability studies often included only two raters,
thus calling into question the generalizability of their conclusions to
other raters. In sum, the included articles' clinical and statistical het-
erogeneity, and the wide variations in reliability measures without
estimating uncertainty, made interpretation and syntheses of the
results difficult.

5 | CONCLUSION

There is currently a lack of high-quality studies that evaluate both
inter- and intraobserver variation when assessing intrapartum FHR
monitoring via CTG. Among the existing articles, we found reliability
and agreement measures to vary from almost perfect to worse than
chance. Additionally, there was considerable variation in the CTG
classification measures. This implies that intrapartum CTG should be
used with caution for clinical decision making given its questionable
reliability.

Furthermore, we also found methodological concerns in the in-
cluded studies, and recommend a more standardized approach to
future reliability studies on FHR with more thorough reporting of
methodological details, especially regarding subject populations.
Improved reporting will enable stronger comparisons across studies,

85UB01 SUOWIWOD SA1EID 8 [ceat[dde au Aq peusenob a1e seoie VO ‘8sn Jo S9N Joj AIq1T8UIUO A8]IA LD (SUOTHPUOD-PUR-SLLIBYWOY A8 | 1M Afe.d jBuUO//:SdnL) SUORIPUOD pue SW | 81 88S " [£202/90/62] U0 AriqiTauluo Aoim ‘Ariqi usiueq AoY Aq T6GYT SB0./TTTT OT/I0p/woo A8 im AriqijeuliuouABoy/:sdny wols papeoiumod ‘0 ‘ZT0009T



HERNANDEZ ENGELHART ET AL.

potentially leading to more accurate and reliable examination of

monitoring methods.
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