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Comparison of 5 experts and computer analysis
in rule-based fetal heart rate interpretation
Julian T. Parer, MD, PhD; Emily F. Hamilton, MD
OBJECTIVE: The purpose of this study was to measure agreement

among 5 expert clinicians and a computerized method with the use of a
strict fetal heart rate classification method.
STUDY DESIGN: Five providers independently scored 769 8-minute
segments from the last 3 hours of 30 tracings with the use of a 5-tier
color-coded framework that contains pattern descriptions and proposals for management. Computer analysis was performed with PeriCALM
Patterns (PeriGen, Princeton, NJ) to detect and classify patterns.
RESULTS: The clinicians agreed exactly with the majority opinion in

57% (95% confidence interval [CI], 49 – 64%) of the segments and

were within 1 color code in 89% (95% CI, 81–96%). The average proportion of agreement was 0.83 (95% CI, 0.73– 0.94). Weighted Kappa
scores averaged 0.58 (range, 0.48 – 0.68). The computer-based results were not statistically different: 0.87 and 0.52, respectively.
CONCLUSION: These 5 clinicians achieved moderate-to-substantial
levels of agreement overall using a strictly defined method to classify
fetal heart rate tracings. The result of the computerized method was
similar to the conclusions of these clinicians.
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A

major limitation of electronic fetal
heart rate monitoring (EFM) interpretation has been an unacceptably high
inter- and intraobserver variation in interpretation.1-7 Such variation hampers the
important clinical goals of accurate communication and application of timely
management.8-12 Recent efforts to lessen
the problems of delayed intervention for
abnormal tracings have resulted in a variety of methods to categorize tracings and
guide management.13-19 The rationale underlying this movement is based, in part,
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on the premise that these explicit definitions will enable clinicians to categorize
tracings more consistently.
We chose to evaluate clinical performance using a 5-level classification
method.19 Multiple levels ensure that
each level spans a smaller range of severities, compared with a simpler classification in which very disparate subgroups
could be grouped together in a level.
Multilevel classification methods are
useful clinically but are challenging to
apply consistently, especially when there
are many factors to consider and the task
must be done repeatedly under conditions of fatigue and distraction. The classification method was based on 134 different combinations of fetal heart rate
(FHR) characteristics. The characteristics of the FHR patterns were defined rigidly, as were the combinations that comprise each level. In addition, each level of
the framework was linked to a different
proposal for management.
Previous investigators who used a variety of approaches to measure clinician
agreement, such as comparing specific
characteristics of the tracings (eg, type of
deceleration, quantity of variability, or
combinations of these features), have
shown very poor levels of agreement.1-7
Furthermore, none of these studies used

such a complex classification schema.
Thus, it is very pertinent to determine
whether such a classification method actually could help clinicians to achieve
consistency in EFM interpretation.
In addition, we sought to determine
how well a computerized version of this
method would compare to the clinicians.
PeriCALM Patterns (PeriGen, Princeton,
NJ) is a validated Food and Drug Administration– cleared software package that
identifies and measures FHR baseline,
baseline variability, and accelerations and
decelerations based on the National Institute of Child Health and Human Development definitions.13 The computerized
method with the use of this software and
the 5-level classification schema previously
was subjected to independent testing for
discriminating capacity in a series of 2132
tracings from deliveries that covered a
wide range of outcomes. There was a clear
correlation between the severity and duration of aberrant FHR patterns and newborn infant state.20

M ATERIALS AND M ETHODS
This multiple reader/multiple case study
design included 5 clinical experts, specialized software for FHR analysis, and
EFM records from 30 singleton term labors. The cases all had umbilical artery
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TABLE 1

Summary of the 5-level classification
Variability (baseline)

Decelerations

Recurrent variable

None

Mild

Early

Moderate

Recurrent late
Severe

Mild

Prolonged

Moderate

Severe

Mild

Moderate

Severe

Moderate (normal)

.......................................................................................................................................................................................................................................................................................................................................................................

Tachycardia

B

B

B

Y

O

Y

Y

O

Y

Y

O

Normal

G

G

G

B

Y

B

Y

Y

Y

Y

O

Mild bradycardia

Y

Y

Y

Y

O

Y

Y

Y

Y

Moderate bradycardia

Y

Y

O

O

O

O

Severe bradycardia

O

O

O

O

O

.......................................................................................................................................................................................................................................................................................................................................................................
.......................................................................................................................................................................................................................................................................................................................................................................

O

.......................................................................................................................................................................................................................................................................................................................................................................
.......................................................................................................................................................................................................................................................................................................................................................................
................................................................................................................................................................................................................................................................................................................................................................................

Minimal

.......................................................................................................................................................................................................................................................................................................................................................................

Tachycardia

B

Y

Y

O

O

O

O

R

O

O

R

Normal

B

B

Y

O

O

O

O

R

O

O

R

Mild bradycardia

O

O

R

R

R

R

R

R

R

R

R

Moderate bradycardia

O

O

R

R

R

R

Severe bradycardia

R

R

R

R

R

.......................................................................................................................................................................................................................................................................................................................................................................
.......................................................................................................................................................................................................................................................................................................................................................................
.......................................................................................................................................................................................................................................................................................................................................................................
.......................................................................................................................................................................................................................................................................................................................................................................
................................................................................................................................................................................................................................................................................................................................................................................

Absent

.......................................................................................................................................................................................................................................................................................................................................................................

Tachycardia

R

R

R

R

R

R

R

R

R

R

R

Normal

O

R

R

R

R

R

R

R

R

R

R

Mild bradycardia

R

R

R

R

R

R

R

R

R

R

R

Moderate bradycardia

R

R

R

R

R

R

Severe bradycardia

R

R

R

R

R

.......................................................................................................................................................................................................................................................................................................................................................................
.......................................................................................................................................................................................................................................................................................................................................................................
.......................................................................................................................................................................................................................................................................................................................................................................
.......................................................................................................................................................................................................................................................................................................................................................................
................................................................................................................................................................................................................................................................................................................................................................................

B, blue(2); G, green(1); O, orange(4); R, red(5); Y, yellow(3).
Parer. Rule-based fetal heart rate interpretation. Am J Obstet Gynecol 2010.

blood gases evaluated at birth and
spanned a range of newborn infant outcomes and complexity of FHR patterns.
The tracings covered the last 3 hours before birth. They were reproduced in their
original size and assembled in booklets
with 8 minutes of tracing per page. A total of 769 pages were presented to each
clinician. Unknown to the clinicians, 13
of these tracings came from babies with
elevated umbilical artery base deficit values at birth (⬎12 mmol/L) and encephalopathy in the early neonatal period.
Five obstetric providers, 4 perinatologists, and 1 certified nurse midwife, all of
whom were clinically active and have
been published in FHR monitoring literature, were recruited to score each page
in the booklets according to the 5-tier
color-coded system. The practitioners
were aware of this classification method
previously and used it in clinical practice
to varying degrees. Each expert was given
a detailed set of instructions and a col1.e2

ored worksheet that outlined the 5-tier
framework (Table 1).19,21 Combinations
of the various FHR pattern features
(namely baseline rate, variability, accelerations, and decelerations) defined the
5 colors. For example, “green (1)” required all features to be within normal
limits. Progressively abnormal combinations of baseline rate, reduction of variability, and increased depth and/or
duration of decelerations defined the
“blue(2)”, “yellow(3)”, “orange(4),” and
“red(5)” categories.
The clinicians were given a written list
of the rules for interpretation and quantification (Table 2) and were encouraged
to follow the rules, even if they disagreed
with them, because the aim of the project
was to measure the levels of agreement
when this particular rule-based classification method was being used. The identity of the experts was not divulged, so
they had no opportunity to interact
among themselves regarding the scoring.
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The same tracings were subjected to
the computerized method. Some of the
FHR conditions in the classification by
Parer and Ikeda19 required additional
specification for the computer system.
For example, in mathematic terms, absent baseline variability (0 beats/min)
would be equivalent to a perfect flat line,
which does not exist in living biologic
entities. Thus, for this exercise, absent
variability was defined as a measured
variability of ⬍2 beats/min amplitude,
and minimal variability was defined to be
between 2 and 5 beats/min.
We used several techniques to evaluate
agreement between the various “readers” and the reference group. A reader
refers to a specific clinician or the computerized method that is making the assessment. The reference group never included the reader under evaluation.
First, we measured the performance of
each of the 5 clinicians by comparing his/
her readings to all the assessments by the
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TABLE 2

Definitions and quantitation of fetal heart rate characteristics
Decelerations

Quantitation

Definition

Recurrence of decelerations (at least 2 decelerations and at least 50% of the contractions have associated decelerations in a 20-minute window)

................................................................................................................................................................................................................................................................................................................................................................................

Variable decelerations are considered

Severe

If they are recurrent and last 1-2 minutes and touch 70 beats/min

...............................................................................................................................................................................

If they are recurrent and last ⬎2 minutes and touch 80 beats/min

..............................................................................................................................................................................................................................

Moderate

If they are recurrent and last 30-60 seconds and touch 70 beats/min

...............................................................................................................................................................................

If they are recurrent and last ⬎60 seconds and touch 80 beats/min

..............................................................................................................................................................................................................................

Mild

All else

Severe

If they are recurrent and are ⬎45 beats/min below baseline

Moderate

If they are recurrent and are 15-44 beats/min below baseline

Mild

If they are recurrent and are ⬍15 beats/min below baseline

Severe

If they are ⱕ70 beats/min

Moderate

If they are down to 70-80 beats/min

Mild

If they are not ⬍80 beats/min

Severe

If they are ⱕ70 beats/min

Moderate

If they are down to 70-80 beats/min

Mild

If they are not ⬍80 beats/min

................................................................................................................................................................................................................................................................................................................................................................................

Late decelerations

..............................................................................................................................................................................................................................
..............................................................................................................................................................................................................................

................................................................................................................................................................................................................................................................................................................................................................................

Prolonged decelerations (last ⬎2 min but ⬍10 min)

..............................................................................................................................................................................................................................
..............................................................................................................................................................................................................................

................................................................................................................................................................................................................................................................................................................................................................................

Bradycardia (baseline level for ⬎10 min)

..............................................................................................................................................................................................................................
..............................................................................................................................................................................................................................

................................................................................................................................................................................................................................................................................................................................................................................

The readers received the following instructions: each page contains 8 minutes of tracing; code by the highest risk in each page: 1, that is, severe trumps moderate or mild; 2, late decelerations trump
variable decelerations; 3, prolonged decelerations trump variable or late decelerations; 4, minimal or undetectable fetal heart rate variability trumps moderate, if present for ⬎50% of the time.
Parer. Rule-based fetal heart rate interpretation. Am J Obstet Gynecol 2010.

other clinicians. That is, the 769 assessments of 1 clinician (the reader) were
compared with 3076 assessments of the
other 4 clinicians (the clinical reference:
769 ⫻ 4). In practice, most clinicians left
a few assessments blank; therefore, the
actual numbers of possible comparisons
were slightly less (Table 3). The percentage of agreement indicates how often a
reader assigned exactly the same color
among all the color assignments made by
the reference group. The overall performance of the clinical group was the
average and 95% confidence interval
[CI] of these 5 readers. The performance
of the computerized method was calculated in the same way and then compared
with the average and 95% CI of the 5
clinicians.
Second, we were interested to know
how each reader performed on specific
tracing segments in which there was substantial agreement within the reference
group as to color assignment. Therefore,
for each clinician, we measured the level
of agreement with the majority opinion
for that segment. This reduced the number of possible comparisons because
each tracing segment could have only 1

majority opinion, and some segments
had no majority. The overall performance of the clinical group was the
average and 95% CI of these 5 readers.
The performance of the computerized
method was calculated in the same way
and compared with the clinical group.
Third, we were interested to know
not only exact agreement levels but
also levels of close agreement. Close
agreement was defined when a reader
assigned a color that was within plus or

minus 1 color of the majority opinion.
We summarized the performance of
each clinician and computer as described earlier. In addition, we calculated how often each reader deviated
by 1, 2, 3, or 4 levels.
Percentages of agreement show only a
partial picture. They do not consider
agreement that could have occurred by
chance or the impact of very discrepant
disagreements. Therefore, we applied 2
standard statistical measures to assess

TABLE 3

Percentages of exact agreement with all clinical opinions
Clinician

Comparisons, n

Agreement, %

E

3029

48.6

A

3018

48.0

D

2933

46.8

B

3029

42.7

C

3017

40.3

..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
a

Average

45.5 ⫾ 3.6

95% confidence interval

42.1–48.4

..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................

Computer

3797

44.9

..............................................................................................................................................................................................................................................
a

Data are given as mean ⫾ SD.

Parer. Rule-based fetal heart rate interpretation. Am J Obstet Gynecol 2010.
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TABLE 4

Percentages of exact agreement with the majority opinions
Clinician

Majority comparisons, n

Exact match, %

E

528

66.1

A

536

61.0

D

522

59.8

B

559

51.0

C

598

45.5

..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
a

Average

56.7 ⫾ 8.3

95% confidence interval

49.4–63.9

..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................

Computer

549

56.8

..............................................................................................................................................................................................................................................
a

Data are given as mean ⫾ SD.

Parer. Rule-based fetal heart rate interpretation. Am J Obstet Gynecol 2010.

this. Kappa scores indicate how much
the parties agreed beyond the level of
agreement that could be expected by
chance alone. The proportion of agreement reflects the effect of deviating assessments. It measures how often the reference group agreed with the reader’s
assignment. If the reference group always agreed with the reader’s assessment, the proportion of agreement
would be 1.0. This measure is equivalent
to a positive predictive value used to measure the performance of a diagnostic test
against a gold standard. Both Kappa scores
and proportion of agreements can range
from 0 (very poor) to 1 (perfect). These
latter 2 measures were stringent tests because they examined exact agreements.
The CIs were based on the Student
t test distributions and assumptions that
the results of the readers in the reference

group were distributed normally. With
only 5 members in the reference group, it
was not possible to adequately test for
normality. We calculated Kappa scores
with linear weighting.22
The project was exempt from Committee on Human Research, University of California, San Francisco, review because a
code no longer exists that links the data
that were used to individual patients.

R ESULTS
Table 3 shows the percentage of exact
agreement for each clinical reader compared with all other clinical assessments.
On average, the percentage of exact
agreement among the clinicians was
45.3% (95% CI, 42.1– 48.4%). The rate
of exact agreement for the computerized
method was 44.9% or very similar.

TABLE 5

Proportions of agreement and weighted Kappa scores
for exact agreement with the majority opinion
Clinician

Proportion of agreement

Kappa score

E

0.93

0.67

A

0.88

0.63

D

0.86

0.61

B

0.76

0.53

C

0.73

0.47

Average

0.83

0.58

95% confidence interval

0.73–0.94

0.48–0.68

Computer

0.87

0.52

..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................
..............................................................................................................................................................................................................................................

..............................................................................................................................................................................................................................................
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Table 4 shows how frequently each
reader agreed with the reference made
up of majority opinions. On average,
the percentage of exact agreement for
the clinicians with the majority opinion was 56.7 % (95% CI, 49.4 – 63.9%).
The percentage of exact agreement for
computerized method was similar at
56.8%.
Proportions of agreement and Kappa
scores for exact matches to the majority
opinion are shown in Table 5. Proportions
of agreement were high, and the Kappa
scores indicated moderate- to-substantial
agreement. Results for the computerized
method were similar and lay well within
the 95% CI of the clinicians.
The Figure shows greater detail on the
amount of disagreement between the
reader and the majority opinion reference. The horizontal axis displays the
number of color-coded levels between
the opinion of the reader and the majority opinion. Performance peaked at 0,
which represents an exact match. Clinician assessments were within 1 color
code in 88.6% (95% CI, 80.8 –96.4).
The performance of the computerized
method was 83.1% and within the 95%
CI of the clinicians.
The data in Table 6 examine performance at each specific color level. Percentages of exact agreement were best
when the tracings were clearly normal or
“green(1)” The 3 intermediate color levels showed less agreement. The least
agreement was found with “red(5).” Segments classified as red(5) occurred infrequently, which resulted in a very small
sample size for the assessment of performance at this particular color.
Measurement of close agreement
that was defined by agreement within 1
color level was possible only in the
middle ranges that were bracketed by
another color. Percentages of close
agreement to the majority opinions of
blue(2), yellow(3), and orange(4) were
85.9%, 85.6%, and 97.3% for the clinicians and 97.9%, 88.2%, and 82.6% for
the computerized method, respectively. Only the latter computerized
measure fell below the 95% CI for the
clinicians.
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FIGURE

Frequency distributions for degree of agreement with the majority opinion
Computer

Clinician average

Lower 95th CI

Upper 95th CI

70%

60%

% of assessments

50%

40%

30%

20%

10%

0%
-4

-3

-2

-1

Reader low er than Reference

0

1

Equal

2

3

4

Reader higher than Reference
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C OMMENT
We have examined the agreement
among 5 select experts who used a
strictly defined set of rules. With the
use of a variety of methods, all results indicated moderate-to-substan-

tial agreement among the study clinicians for exactly matching the majority
opinion of the reference group. Performance measures with the use of a more
lenient test, a close match, were even
higher.

These levels of agreement are much
higher than previously reported.1-6 For
example proportions of agreement previously reported for a simpler task,
namely identification of individual features were 0.46 for accelerations and

TABLE 6

Percentages of exact agreement with the majority opinion at each of the 5 color-coded categories
Majority opinion reference, %
Clinician

Green(1)
[n ⴝ 1230]

Blue(2)
[n ⴝ 413]

Yellow(3)
[n ⴝ 682]

Orange(4)
[n ⴝ 358]

Red(5)
[n ⴝ 60]

E

88.6

43.4

63.2

50.7

0

A

85.7

53.1

32.2

50.0

100.0

D

73.0

48.1

40.8

71.2

0

C

64.2

29.0

23.1

43.4

100.0

B

58.4

46.7

57.6

34.6

Average

74.0 ⫾ 13.2

44.0 ⫾ 9.1

43.4 ⫾ 16.9

50.0 ⫾ 13.5

41.5 ⫾ 53.5

95% confidence interval

62.5–85.5

36.1–52.0

28.6–58.2

38.1–61.8

–5.3 to 88.4

Computer

75.5

32.3

58.8

40.6

................................................................................................................................................................................................................................................................................................................................................................................
................................................................................................................................................................................................................................................................................................................................................................................
................................................................................................................................................................................................................................................................................................................................................................................
................................................................................................................................................................................................................................................................................................................................................................................

7.7

................................................................................................................................................................................................................................................................................................................................................................................
a
................................................................................................................................................................................................................................................................................................................................................................................
................................................................................................................................................................................................................................................................................................................................................................................

7.4

................................................................................................................................................................................................................................................................................................................................................................................
a

Data are given as mean ⫾ SD.

Parer. Rule-based fetal heart rate interpretation. Am J Obstet Gynecol 2010.
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0.11-0.55 for decelerations.5,6 The improved performance that we noted may
reflect the effects of several recent developments in obstetrics that include a concerted effort by national bodies to promote the use of standard nomenclature
with explicit definitions of the FHR
terms and increasingly prevalent requirements to demonstrate maintenance of competence in EFM interpretation. Finally, our choice of exceptional
readers with recognized expertise in
EFM would also tend to produce higher
results. That said, the very diverse and
large number of tests (⬎700 per reader)
and similar trends in the results no matter what analysis strategy was used indicate the robustness of our conclusions.
Contrary to previous reports, we have
shown that these clinicians, admittedly
experts, can analyze tracings with good
levels of agreement.
We have also compared the performance of a computerized method to
these select clinicians. The computerized
method also performed well, was highly
similar to the average performance of the
clinical group, and lay well within their
95% CI. The only exception occurred in
the small sample of the most abnormal
group of tracings, for which the computer identified fewer cases. We speculate that a possible explanation may be
that the definition that was used by the
software for absent variability was too
stringent.
This study was designed to measure
degree of agreement, not accuracy.
When disagreement occurred, it was not
necessarily obvious which party was correct. We examined some of these disagreements and found a mixture of
problems. In some cases, the clinicians
did not follow the classification definitions, in others the classification rules
seemed inferior to the actual clinical assessments; at other times, the computerized method was in error.
This study was not designed to measure how well 1 reader or method could
predict neonatal outcome. Such an investigation would require much larger
case numbers in each of the outcome categories and a different study design. An
example of such an analysis is available.20
1.e6

Generalizing these results to everyday
practice must be done with caution. The
results presented here reflect the combined effects of 5 distinct and unique factors: (1) a particular graded classification
schema, (2) a specific set of tracings, (3) a
select group of clinicians, (4) favorable
working conditions that may be quite
different from actual clinical practice,
and (5) a specific set of computer algorithms. Changing any 1 of these factors
could change the results.
The provision of quantitative information on the variation among clinicians
and comparison with a computerized
method that uses the same classification
schema renders this study unique. We
believe that agreement levels within 1
color code that are well over 80% are
clinically acceptable and show that this
rule-based approach provides a method
for clinicians to achieve good consistency in EFM interpretation. Perfect
agreement probably will never be
achieved because each FHR segment requires the clinician to visually measure
several factors, grade them, and then
consider ⬎134 possible combinations of
them.
These findings have direct clinical relevance. Given that the degree of tracing
abnormality determines the nature and
urgency of intervention, it follows that
consistent tracing evaluation is fundamental for clear communication and
timely intervention with the appropriate
measures. Therefore, it is particularly
noteworthy that these clinicians were
able to apply a complex 5-level classification consistently.
These observations do necessitate
some comments about the strengths and
weaknesses of both clinical- and computer-based methods for tracing evaluation and the reason that they should be
viewed as complementary and not as 1
substituting for the other. In actual practice, clinicians are reasoning constantly
and integrating myriads of information.
For example, inferences about underlying pathophysiologic events, the observed response to interventions, and
projections about the length of labor all
affect their interpretation of the tracing.
Clinicians can reason, and this computerized method cannot. Human judg-
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ment, however, will deteriorate under
certain conditions (such as fatigue, crisis
or where assessments are performed over
long periods of time).23 The psychologic
phenomenon of “tunnel vision” refers to
the tendency to perceive and confirm information that aligns with a particular
viewpoint and to discard contradicting
information. Variations of this include
“framing bias,” which refers to a tendency to create a coherent interpretation
without examining all the available information, and “confirmation bias,”
which refers to seeking only the information that supports a particular opinion.24
Computerization is impervious to these
kinds of problems. It brings a consistent,
objective analysis for consideration to
counter these unhelpful conditions.
The use of EFM has evolved considerably since its inception. Standard nomenclature is now widespread. Methods for grading the tracing, based
largely on clinical consensus and medical literature, are published and transformed to clinical policy.8,13-18 These
methods focus on classic EFM features
that the human eye can recognize.
With computerization, new options
can be explored (such as applying statistical methods to determine what
combinations of these features and/or
what trends over time are the most discriminating). In addition, direct mathematic analysis of the tracing may
identify aspects that are not apparent
visually and will better discriminate
the fetus who is at risk for hypoxic
brain injury from normal fetuses.25,26
In the meantime, we must rely on existing methods for tracing evaluation.
The analysis presented here has demonstrated that it is possible for these
clinicians to apply 1 of the most complex
classification methods with good interobserver agreement and that the computerized version performed in a fashion
that is similar to this very select group of
clinicians. Such software could be considered a way to provide an additional
safety net; that is, the computer could be
used as a decision-support tool in clinical obstetric care and in the education
and training of obstetrics providers. f
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