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Abstract

Estimating reproducibility is often wrongly thought of
as basic science. Although it has a significant clinical
relevance, its importance is underestimated. It was Al-
exander Pope in 1732 who was first to understand the
value of reproducibility, with his famous comment “Who
shall decide when doctors disagree?”. Pope’s question
concerns the medical doctors’ opinion on a patient’
s status, which from a statistical point of view may be
considered a categorical variable. However, the same
question may be posed for continuous quantitative
variables. Reproducibility is complementary to variabil-
ity: the larger the variability, the lower the reproduc-
ibility, and vice versa. Thus, we can think at them as
interchangeable, even thought statistical methods have
been developed for the estimation of variability. The
question now is “Why do we need to know the repro-
ducibility of measurements? “. The most important and
simplest answer is that we need to know how reliable a
measured value or a subjective judgment is before tak-
ing clinical decisions based on this measurement/judg-
ment. Integrating this knowledge in clinical practice is a
key aspect of evidence-based medicine.
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“Who shall decide when doctors disagree?” This ques-
tion, raised by Alexander Pope in 1732, must have been
a very common one in Pope’s day, since medical practice
at that time was based largely on tradition and opinion,
not science. In the 21st century, medicine should be
considered at least a combination of art and science.
Consequently, careful clinical research should provide
clear answers that stand the test of time and the scrutiny
of additional investigations. This is the theory behind
evidence-based, data-driven scientific medicine ™.

In scientific terms, when focused strictly on the evalu-
ation of clinical variables, Pope’s question challenges
reproducibility, in particular interobserver reproducibil-
ity Tt relates to the common experience where two
independent observers provide different results, with this
disagreement implying a sort of uncertainty about the
truth. From the patient’s point of view, it may appear that
his/her condition is not an objective one and that each
clinician is allowed to have his/her own opinion. This
may be very frustrating and cause the patient to lack trust
in medicine.

In addition to interobserver reproducibility there is
also intraobserver reproducibility, i.e. the ability of a single
observer to provide the same opinion regarding a patient’s
condition if he/she is questioned again later. In fact, self-
disagreements occur more frequently than might be ex-
pected, in particular if the question posed has more than
two mutually exclusive answers (categorical variables).
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An example of efforts to better clarify intra- and in-
terobserver reproducibility is the BI-RADS score system
for breast lesions!”. Based mainly on the appearance at
mammography, radiologists may apply one of the fol-
lowing scores: (0) Incomplete, when mammograms do
not give the radiologist enough information to make a
clear diagnosis; (1) Negative, when there is nothing to
comment on; (2) Benign, in presence of a definite benign
finding; (3) Probably benign, in presence of findings that
have a high probability of being benign; (4) Suspicious
abnormality, in presence of a lesion not characteristic of
breast cancer, but with reasonable probability of being
malignant; and (5) Highly suspicious of malignancy, in
presence of a lesion that has a high probability of being
malignant.

Because of their different experience in reading mam-
mograms, two independent observers may apply two
different scores to the same image (lack of interobserver
reproducibility). On the other hand, the learning curve of
an individual radiologist, may mean that he/she will apply
a score to a single mammogram different to that applied
during a previous reading (lack of intraobserver repro-
ducibility).

Intra- and interobserver reproducibility not only ap-
ply to categorical and ordinal variables but also, and more
strictly, to quantitative (continuous) variables. Examples
include cardiac ventricle volumes, a vessel diameter, arte-
rial blood pressure, and body temperature. From the ob-
server’s point of view, the numerical values observed for
such variables are obtained by mean of “instruments”, i.e.
technical systems, based on a physical principle, that are
sensitive to the quantity to be measured. Many of these
instruments are now available as software algorithms
implemented on computers used for imaging techniques.

Even if the use of a technical instrument may lead
an observer the believe the measurement to be an objec-
tive process without uncertainty, we must remember that
this process does not proceed by itself and that it needs
the observer’s intervention. This intervention may apply
at any level and certainly impacts on the final observed
value. For example, the measurement of a vessel diam-
eter based on a magnetic resonance image needs the
observer to place a ruler between two distant points (the
vessel boundaries) and the repetition of this action rarely
provides the same value as that previously obtained.
Furthermore, an independent observer may perform this
measurement by placing the ruler at another part of the
vessel course, i.e. on another slice of the magnetic reso-
nance scan. Therefore, as for categorical variables, the
measurement of continuous variables also is character-
ized by intra- and interobserver variability.

Reproducibility and variability are two complementary
concepts: the larger the variability, the lower the repro-
ducibility, and vice versa. Thus, we may think of them as
interchangeable, even though statistical techniques have
been developed for estimating variability. Moreover, intra-
and interobserver variability are only two of the possible
sources of the total variability of a measurement ob-
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tained using imaging techniques. In general, if an exami-
nation on a patient is repeated after a treatment, the total
variability associated with the measurements will consist
of the following components: (1) The intraobserver vari-
ability of the radiologist who performed the measure-
ment prior the treatment; (2) Intraobserver variability of
the radiologist who performed the measurement after
treatment; (3) The interobserver variability between those
radiologists; (4) The interstudy variability, due to the rep-
etition of the examination; (5) The inter-instrumentation
variability, due to the possible use of two different ma-
chines; and (6) The biological variability, due to changes
in the patient’s health status during the time elapsed be-
tween the two examinations (the effect of treatment may
also be a part of this variability).

Why do we need to know the variability of measure-
ments of categorical and continuous variables? The most
important and simplest answer is because we need to
know the reliability of measured values before taking
decisions based on those measurements! Recalling the
previous example, if we observe a difference between the
values measured before and after the treatment, can we
establish that the patient’s health status is changed, or is
that difference within the overall variability? Of course,
the only way to answer that question is to know the over-
all variability.

In theory, one way to estimate the measurement vari-
ability is to repeat a measurement many times, to calcu-
late the mean value and the 95%-confidence interval.
However, this approach has three important limitations.
Firstly, it no longer holds if the measurements are taken
by different observers, adding interobserver variability.
Secondly, in clinical practice there is little or no time
available for repeating the same measurement. Thirdly, al-
though this allows estimation of the variability associated
to a particular value, that variability cannot be applied to
all possible values. Therefore, it is more practical to per-
form a preliminary analysis of at least intra- and interob-
server variability.

The statistical techniques suitable for the estimation
of the intra- and interobserver variability depend only on
the type of the measured vatiables. Two main methods
are available: Cohen £ statistics for categorical variables”
and Bland-Altman statistics for continuous variables".
Here, I will not go into the mathematical details of these
methods (a complete description may be found in refer-
ences™), but T would like to highlight the main difference
between them. The Cohen £ method provides a coef-
ficient of agreement that lies within the range (-1, 1),
where £ = 1 indicates perfect agreement, £ = 0 absolutely
no agreement, and £ = -1 the “perfect disagreement”.
Conversely, Bland-Altman analysis results in a value
expressed with the same measurement units as the mea-
sured variable.

The estimation of the intra- and interobserver vari-
ability may be performed in parallel. In clinical settings,
a suitable protocol would include two observers with
different experience in the measurement under evalua-
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tion. The less experienced observer should measure the
variable of interest twice for each patient, with the more
experienced observer making only one measurement per
patient. The intraobserver variability may be estimated
using the pairs of values obtained by the first observer,
while the interobserver variability may be estimated using
the first value of the first observer and the single value
obtained by the second observer.

Let me conclude with an example taken from my
own experience as an author. In 2008 we demonstrated
that the interobserver variability in the measurement of
the left ventricle ejection fraction on magnetic resonance
imaging may be as large as 17%, in absolute units"! This
means that if an observer obtains a value of, for example,
50% for a patient’s ejection fraction, a second observer
may obtain a value of between 33% to 67% for the same
patient. Considering such variability, I can only smile
when I see continuous variables expressed to two or
three decimals places.
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