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ABSTRACT

Objectives To examine the quality of methods used and
the accuracy of the interpretation of agreement in existing
studies that examine the reliability of ultrasound mea-
surements and judgments in obstetrics and gynecology.

Methods A systematic search of MEDLINE was per-
formed on 25 March 2014, looking for studies that
examined the reliability of ultrasound measurements and
judgments in obstetrics and gynecology with evaluation
of concordance (CCC) or intraclass (ICC) correlation
coefficients or kappa as a main objective.

Results Seven hundred and thirty-three records were
examined on the basis of their title and abstract, of
which 141 full-text articles were examined completely for
eligibility. We excluded 29 studies because they did not
report CCC/ICClkappa, leaving 112 studies that were
included in our analysis. Two studies reported both
ICC and kappa and were counted twice, therefore, the
number used as the denominator in the analyses was 114.
Only 16/114 (14.0%) studies were considered to be well
designed (independent acquisition and blinded analysis)
and to have interpreted the results properly. Most errors
occurring in the studies are likely to overestimate the
reliability of the method examined.

Conclusions The wvast majority of published studies
examined had important flaws in design, interpretation
and/or reporting. Such limitations are important to
identify as they might create false confidence in the
existing measurements and judgments, jeopardizing
clinical practice and future research. Specific guidelines
aimed at improving the quality of reproducibility studies
that examine ultrasound methods should be encouraged.
Copyright © 2014 ISUOG. Published by John Wiley &
Sons Ltd.

INTRODUCTION

Clinical measurements and ratings are crucial for a correct
diagnosis, however, it must be borne in mind that such
measurements and ratings are always subject to error, and
simple repetition of the examination is likely to provide a
different result'. Examining the relevance of such errors,
or the reproducibility of a method, is important clinically
because using non-reproducible methods poses a risk
for patients and results in a waste of financial/human
resources, leading, for example, to unnecessary research?.

The reproducibility of a method is frequently examined
by two different concepts: reliability and agreement.
Reliability is the ability of a measurement/rating to
differentiate among subjects, while agreement quantifies
how similar the measurements or ratings are'>. Although
both concepts are important, we aimed to assess only
reliability in this review, which is more comparable
between methods, since agreement is usually assessed
on the same scale as are the measurements themselves!.
The most common means of assessing reliability uses
kappa statistics for nominal/ordinal data and intraclass
correlation coefficients (ICC) or concordance correlation
coefficients (CCC) for continuous data’~°. Kappa is
intended to give a quantitative measure of magnitude
of agreement between observers, and its calculation is
based on the difference between how much agreement
is actually present (observed agreement) and how much
agreement would be expected to be present by chance
alone (expected agreement)’. ICC and CCC estimate
the amount of total variance that might be attributed to
the ‘true’ variance between subjects, while the difference
between 1.0 and ICC/CCC is the proportion of the total
variance that can be attributed to errors: for example,
a value of 0.90 means that genuine differences between
subjects was responsible for 90% of the total variance
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observed, while the other 10% was caused by errors
during the measurement process’*~¢. CCC seems to be
better for examining reliability; there are several types
of ICC and choosing the appropriate method can be
difficult*. Additionally, ICC is only valid when ANOVA
assumptions are present (normality of distributions
and homogeneity of variances), which does not occur
frequently®. However, as can be seen in this review, ICC
is used more often than CCC for this purpose.

Studies that evaluate the reproducibility of tests may
help us to discriminate between the available instruments,
leading to an informed decision when choosing one.
However, these studies need to be well designed, well
performed and properly interpreted, otherwise their
results might be misleading®. One important issue
regarding the quality of such studies is a tendency to
overrate the reliability of the methods analyzed in order
to facilitate publication. Some flaws that are frequently
observed in reproducibility studies examining ultrasound
techniques are:

e Not examining the variability caused by acquisition: if
the same images, videoclip or three-dimensional dataset
are examined more than once by the same or different
observers this will overestimate reproducibility of the
method since several inherent sources of variability (e.g.
movements or pressure applied to the probe) are not
taken into account”!0.

e Not blinding the observers during acquisition/analysis:
the knowledge of how the image was acquired and how
it was analyzed tend to overestimate the reproducibility
of the method, as the observer is more likely to repeat
exactly what was just performed?.

e Interpretation of the results: frequently researchers use
low cut-off values, particularly for ICC/CCC, as this
will facilitate an interpretation of good reproducibility*.

The aim of this systematic review was to evaluate
the proportion of studies that assess reproducibility of
ultrasound techniques in obstetrics and gynecology that
have errors during their execution (i.e. using the same
acquisition or not blinding) or in the interpretation of
reproducibility.

METHODS
Eligibility criteria and search strategy

Only studies examining the reliability of ultrasound mea-
surements and judgments in obstetrics and gynecology
that evaluated CCC, ICC or kappa as a main objec-
tive were considered eligible. We performed a systematic
search of MEDLINE on 25 March 2014 using the fol-
lowing terms: (ICC OR CCC OR (intraclass correlation)
OR (concordance correlation) OR kappa OR reliability
OR reproducibility OR agreement) AND (ultrasound OR
ultrasonography) AND (fetus* OR fetal OR embryo™
OR uterus OR uterine OR ovary OR ovari*). We did not
impose any limitations on publication date or language
for the searches.

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.
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Study selection

Titles and abstracts of the search results were
reviewed independently by two review authors (M.A.C.N.
and W.P.M.), who checked for duplicates and
used pre-established criteria for inclusion. Full-text
manuscripts were evaluated for eligibility by two authors
(M.A.C.N. and P.R.) and disagreements were resolved by
consulting a third author (W.P.M.).

Data collection

Data were extracted from included studies using a
data-extraction form, designed and pilot-tested by the
authors, in a standardized manner by two authors
(M.A.C.N. and P.R.). Disagreements were resolved by
consulting a third author (W.P.M.). We extracted data
regarding the main characteristics of the study based on
the following questions: Was the ultrasound measurement
fetal or non-fetal (if fetal, how dependent were the data
on gestational age)? How was data acquisition performed
(unclear, single acquisition for multiple interpretations,
acquisition by different observers, different acquisitions
by the same observer)? Was there blinding in the analysis?
Which measurement was used to evaluate reliability
(ICC/CCCl/kappa)? What was the lowest value observed?
How did the study authors interpret such values? Which
kind of ICC was used (only for studies reporting ICC)? We
considered the type of ICC to be reported properly when
details on one-way random effects vs two-way random
effects vs two-way mixed effects, single measurements
vs average measurements and consistency vs absolute
agreement were included!!.

Synthesis of results

We assessed the proportion of studies in which:
(1) observers performed independent acquisition; (2)
observers were blinded to the results; (3) authors
interpreted the results properly; and (4) authors reported
the type of ICC that was used. The precision of the
estimates was assessed by their 95% Cls. When assessing
whether authors had interpreted their results properly, we
compared the interpretation reported by the authors with
that of studies that used published cut-off values. For
interpretation of ICC and CCC values, we used recently
published cut-off values: ICC/CCC < 0.70, very poor;
0.70-0.90, poor; 0.90-0.95, moderate; 0.95-0.99, good;
and > 0.99, very good*. These values were chosen because
they are conservative and in agreement with a recently
published guideline for reporting reproducibility studies?.
Although the use of different cut-off values is suggested
when examining fetal measurements that are highly
dependent on gestational age, owing to the large variabil-
ity between individuals*, we used the same cut-off points
for these studies but planned to judge the interpretation
as being proper even when these studies underrated the
observed reliability. For the interpretation of kappa,
we used the following cut-off values: < 0.20, very poor;
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0.21-0.40, poor; 0.41-0.60, moderate; 0.61-0.80, good;
and > 0.81, very good>.

Studies that interpreted their observed reproducibility
statistics in agreement with the terminology and cut-offs
that we have listed were considered to have satisfactory
interpretation. The number of levels of difference
between the authors’ interpretation and the interpretation
following from use of the abovementioned cut-off points
was evaluated in the analysis (i.e. for levels defined as:
Level 1, very poor; Level 2, poor; Level 3, moderate; Level
4, good; Level 5, very good).

RESULTS
Study selection

The last electronic search was performed of MEDLINE on
25 March 2014. We examined 733 records on the basis of
abstract and title and excluded 592 records because they
clearly did not meet eligibility criteria. One hundred and
forty-one full-text articles were completely examined for
eligibility; 29 were excluded because they did not report
CCC/ICC/kappa'?>~49. We included 112 full-text articles
in our analysis*' ~132; two reported both ICC and kappa
and were counted twice>*¢. Therefore, the number of
included studies used as the denominator in the analyses
was 114.

Main results

The included studies were heterogeneous with regard to
the main outcome measure, its design and how the inter-
pretation of its results had been performed (Table 1).
Regarding the main outcome of the study, 73 (64.0%)
studies examined fetal measurements, of which 28
(38.4%) were considered as very dependent on gestational
age and the remaining 45 (61.6%) as not very depen-
dent, and 41 studies (36.0%) examined non-fetal mea-
surements. Concerning acquisition of measurements, the
majority of studies (7= 62; 54.4%) used the same acqui-
sition to examine reliability, nine (7.9%) used different
acquisitions performed by the same observer, 40 (35.1%)
used completely independent acquisitions, and acquisi-
tion was unclear in three (2.6%). The majority (n="71;
62.3%) of the included studies performed blinded analy-
sis, while analysis was not blinded in five (4.4%) and the
use of blinding was unclear in the remaining 38 (33.3%).
Regarding interpretation of reliability, a large proportion
of the studies overrated the observed reliability (n=43;
37.7%), 59 (51.8%) performed a proper interpretation,
12 (10.5%) did not interpret their results and no study
underrated the observed reliability. We observed only 16
(14.0%) studies that had independent acquisitions and
blinded analysis, and interpreted their results properly.

Additional analyses

Further analysis of the studies identified only one study
that reported CCC; it did not interpret its results.

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.
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Table 1 Characteristics of 114 studies examining reproducibility of
ultrasound techniques in obstetrics and gynecology

Characteristic

n (% (95% CI))

Study outcome
Fetal measurement highly dependent on
gestational age
Other fetal measurement
Non-fetal measurement
Acquisition of measurement
Single acquisition for multiple
interpretations

28 (24.6 (17.6-33.2))

45 (39.5 (31.0-48.6))
41 (36.0 (27.7-45.1))

62 (54.4 (45.2-63.2))

Different acquisitions by same observer 9 (7.9 (4.2-14.3))

Completely independent acquisitions 40 (35.1 (26.9-44.2))

Unclear 3 (2.6 (0.9-7.5))
Analysis

Blinded 71 (62.3 (53.1-70.6))

Not blinded 5 (4.4 (1.9-9.9))

Unclear 38 (33.3 (25.3-42.3))

Interpretation of results
Overrated observed reliability
Proper interpretation
No interpretation
Independent acquisitions, blinded analyses,
proper interpretation

3(37.7 (29.4-46.9))
9 (51.8 (42.7-60.7))
2(10.5 (6.1-17.5))
6 (14.0 (8.8-21.6))

Table 2 Interpretation of reliability in studies examining
reproducibility of ultrasound techniques that reported kappa and
intraclass correlation coefficient (ICC)

Interpretation of reliability n/N (% (95% CI))

Interpretation of kappa
Satisfactory
Overrated
No interpretation

Interpretation of ICC

25/32 (78.1 (61.2-89.0))
5/32 (15.6 (6.9-31.8))*
2/32 (6.3 (1.7-20.1))

Satisfactory 34/81 (42.0 (31.8-52.8))

Overrated 38/81 (46.9 (36.4-57.7))t

No interpretation 9/81 (11.1 (6.0-19.8))
Type of ICC

Not reported
Reported partially
Reported completely

58/81 (71.6 (61.0-80.3))
21/81 (25.9 (17.6-36.4))
2/81 (2.5 (0.7-8.6))

Only one study examined concordance correlation coefficient; it did
not provide any interpretation. *One study overrated
reproducibility by three levels (examined measurements highly
dependent on gestational age) and four studies overrated
reproducibility by one level (non-fetal measurements (= 1), other
fetal measurements (7 = 3)). TEight studies overrated
reproducibility by three levels (measurements highly dependent on
gestational age (n=1), other fetal measurements (7 = 3), non-fetal
measurements (7 =4)); 12 studies overrated reproducibility by two
levels (measurements highly dependent on gestational age (7=2),
other fetal measurements (7 = 5), non-fetal measurements (7 =135));
18 studies overrated reproducibility by one level (measurements
highly dependent on gestational age (7 =4), other fetal
measurements (7 = 8), non-fetal measurements (7 = 6)).

Concerning the 32 studies that examined kappa, 25
(78.1%) interpreted their results properly, five (15.6%)
overrated the observed reliability and two (6.3%) did
not interpret their results (Table 2). Regarding the 81
studies that reported ICC, 34 (42.0%) interpreted their
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results properly, 38 (46.9%) overrated the observed
reliability and nine (11.1%) did not interpret their results.
Regarding the type of ICC used in the analysis, only
two (2.5%) studies reported fully the type of ICC used,
while 58 (71.6%) did not report the type of ICC used
and 21 (25.9%) partially reported the type of ICC
used.

DISCUSSION
Summary of evidence

Only 16 (14.0%) of the 114 included studies were
considered to be well-designed (independent acquisition
and blinded analysis) and to have interpreted the results
properly. The majority of studies that used ICC to examine
reliability did not provide a complete description of the
type of ICC used in the analysis.

Limitations

This review has some limitations. One limitation includes
the restriction of the literature search to only one database
(MEDLINE), but we believe that, although the search was
not comprehensive, we were able to obtain an unbiased
and representative sample of the eligible published studies.
Additionally, we used arbitrary cut-off values for the
interpretation of kappa, ICC and CCC, which are not
widely accepted.

Interpretation

Most of the recently published studies examining the
reliability of ultrasound techniques in obstetrics and
gynecology contain some flaws in design or interpretation
that are likely to overrate the ‘true’ reproducibility of
these methods. Another important point that should be
mentioned is that most studies did not report properly the
type of ICC used during their analysis; choosing the wrong
ICC (e.g. consistency instead of agreement or average
measures instead of single measures) will result in higher
ICC values. Additionally, most of the reproducibility
studies were performed by experts, in academic centers,
using the same machine settings; all these factors are likely
to lead to better results than those that would be observed
in regular clinical practice. As a consequence, we are prone
to feeling overconfident when applying these methods in
practice.

Another issue that raises concern is that a large
number of reliability studies in obstetrics and gynecology
evaluated fetal measurements that were highly dependent
on gestational age. In these studies, the authors usually
used the absolute observed measurement to assess
ICC/CCC and, as the real variability among fetuses can be
high, interpretation of these results is easily overrated*.
A better approach to compensate for the high natural
variability is to assess the reliability of the percentiles
of the fetal measurements, for a given gestational age.

Copyright © 2014 ISUOG. Published by John Wiley & Sons Ltd.
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The calculation of fetal measurement ICC/CCC based on
percentile enables them to be comparable with ICC/CCC
from other types of measurement, and the same cut-off
values could be applied. Additionally, percentiles of
fetal measurements are used widely in clinical practice,
and are easier to use in comparisons. However, despite
these advantages, none of the included studies examined
the reproducibility of the percentile; we believe the
reason for not using the percentile is the need for
transforming the absolute measurements into percentiles,
which requires proper reference curves and some data
manipulation.

One important point to be considered concerns the
potential causes of faults in the study design and the
tendency to overestimate the reproducibility results.
Regarding the study design, performing multiple analyses
using only the same acquisition is much simpler and would
avoid intensive or time-consuming examinations for both
patient and sonographer; additionally such studies can
be performed retrospectively, using stored images or
datasets. The problem lies with acquisition as a potential
source of variability, and the estimates obtained when
examining the same acquisition will not represent the
total variability that would be observed by repeating
the examination; this is the most important factor to
consider when making decisions. Regarding errors in
interpretation, we have two main hypotheses for the cause:
first, ICC values of > 0.60 or > 0.80 are used frequently
as the minimum standard for reliability coefficients, and
researchers often consider a value over such a limit as
indicating good reliability. However, this threshold is only
valid when considering the method for research purposes;
ICC values should be >0.90 or >0.95 to consider
employing the method in clinical practice’. Second,
researchers might fear that they will encounter difficulties
in publishing their study if they report poor reproducibility
of the method, as it is less likely to be used in clinical
practice.

Conclusions

The great majority of the published studies have impor-
tant flaws in study design, interpretation and/or reporting.
Such problems are important, as they might create false
confidence in existing measurements and judgments, jeop-
ardizing clinical practice and future research. Physicians
and patients might use misleading information when
choosing the best diagnostic test; moreover, they may
assume a diagnosis or make clinically important deci-
sions, such as surgery, based on the results of unreliable
methods. Researchers can spend a lot of resources in stud-
ies examining unreliable methods for either the diagnosis
or prediction of a disease and may postpone or have less
interest in new studies that examine the impact of technical
refinements aimed at improving the reliability of a method.
Specific guidelines to improve the quality of reproducibil-
ity studies examining ultrasound methods should be
encouraged.
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