The two-step Fagan’s nomogram: ad hoc interpretation
of a diagnostic test result without calculation
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Abstract

In 1975, Fagan published a nomogram to help practi-
tioners determine, without the use of a calculator or com-
puter, the probability of a patient truly having a
condition of interest given a particular test result.
Nomograms are very useful for bedside interpretations of
test results, as no test is perfect. However, the practicality
of Fagan’s nomogram is limited by its use of the likeli-
hood ratio (LR), a parameter not commonly reported in
the evaluation studies of diagnostic tests. The LR reflects
the direction and strength of evidence provided by a test
result and can be computed from the conventional
diagnostic sensitivity (DSe) and specificity (DSp) of the
test. This initial computation is absent in Fagan’s nomo-
gram, making it impractical for routine use. We have
seamlessly integrated the initial step to compute the LR
and the resulting two-step nomogram allows the user to
quickly interpret the outcome of a test. With the addition
of the DSe and DSp, the nomogram, for the purposes of
interpreting a dichotomous test result, is now complete.
This tool is more accessible and flexible than the original,
which will facilitate its use in routine evidence-based
practice. The nomogram can be downloaded at: www.adel-
aide.edu.au/vetsci/research/pub_pop/2step-nomogram/.

Introduction

Collecting and interpreting evidence, both clinical and
analytical, is essential to the diagnostic process. This
evidence may or may not support the likelihood of a
patient having a given condition, depending on the
nature and strength of the evidence. In practice, the
range of collectable evidence is wide and includes
patient profile, exposure history, symptoms and clinical
or laboratory test results. In the context of evidence-
based medicine, the probability of a patient having a
condition of interest, given the evidence collected,
should be objectively quantified. This probability is
referred to as the posterior (post-test) probability of
having the condition or, in conventional epidemiology,
the predictive value. However, the calculations for pre-
dictive values, derived from Bayes’ theorem, are tedious
and rarely performed in practice.' ?

Fagan’s nomogram

In 1975, Dr Terrence J. Fagan® integrated Bayes’ theorem
into a nomogram for practitioners to quantify the post-test
probability that an individual is affected by a condition
given an observed test result and given the probability of
the individual having the condition before the test was run
(pretest probability). The Fagan’s nomogram is widely
recognised as a convenient graphical calculator and is
frequently referenced in evidence-based medicine and
clinically applied epidemiology textbooks.* ® To use the
Fagan's nomogram (as depicted in figure 1), a line must be
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drawn from the estimated pretest probability (left axis)
through the likelihood ratio (LR) of the observed test result
(centre axis) and the intersection of the line with the right
axis provides the post-test probability. Regrettably, its
routine use seems to be limited by the unfamiliarity of
practitioners with the concept of diagnostic LRs,® and also
because LR estimates are rarely reported in studies evaluat-
ing diagnostic tests.”

LR of a test result

The LR represents the direction and the strength of evi-
dence provided by a test result. It is calculated by divid-
ing the likelihood of the test result among patients with
the condition by the likelihood of this same test result
among patients without the condition.® The values of
the LR range from zero to infinity. When the LR is
greater than one, the test result supports the presence of
the condition (individuals with the condition are more
likely to have the given test result than individuals
without the condition), while, when it is lower than one,
the test result supports the absence of the condition
(individuals with the condition are less likely to have
the given test result than individuals without the condi-
tion). An LR of one suggests that the observed test result
has no diagnostic value. The farther the LR is away from
one (towards zero or infinity), the stronger the evidence
is provided by the test.

LRs can be estimated for binary (positive or negative),
ordinal (more than two categories) or continuous (number
scale) diagnostic test outcomes. However, ordinal and con-
tinuous outcomes are often dichotomised using a cut-off
value to help with the decision-making process,’ and val-
idation studies for diagnostic tests conventionally report
the corresponding diagnostic sensitivities and specificities
(DSe and DSp, respectively), not LRs.” For a test with a
binary outcome, two LRs are reported, one for a positive
test result (LR*) and one for a negative test result (LR7).
The LR* and LR™ can be directly computed from the test
DSe and DSp (LR*=DSe/(1-DSp) and LR™=(1-DSe)/DSp,
respectively).

The two-step Fagan’s nomogram

The original version of the Fagan’s nomogram first
requires the calculation of the LRs of the test result from
the accessible DSe and DSp. The two-step Fagan’s
nomogram, proposed here, includes the initial calcula-
tion step for the LR* and LR~, while maintaining the
structure of the original nomogram (figure 2); it was
generated using the Python-based program PyNomo,'®
and the script is available from the corresponding
author upon request.

User’s guide for the two-step Fagan’s nomogram
As compared to the original Fagan’s nomogram (figure 1),
the wupdated version includes two additional axes
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Figure 1 The Fagan’s nomogram. For example: the MRI screening test for breast cancer in
high-risk female patients has an estimated diagnostic sensitivity (DSe) of 75% and specificity
(DSp) of 96%.* It is first necessary to calculate separately the likelihood ratio of positive and
negative test results (LR* and LR™, respectively) using conventional formulae (LR* = DSe/(1-DSp)
and LR™ = (1-DSe)/DSp). Given that the patient came from a high-risk population with an
estimated prevalence of 2%, if this patient tests positive, the post-test probability that she truly
has cancer would be approximately 28% (red line). Alternatively, if the patient tests negative,
the post-test probability that she truly has cancer would be approximately 0.6% (blue line).

corresponding to the DSe and the DSp of the test (figure
2). The DSe and the DSp axes have red (left-hand side)
and blue (right-hand side) scales that are used, respect-
ively, to calculate the LR of a positive or a negative test
result as a first step. The second step corresponds to the
traditional Fagan’s approach where the post-test prob-
ability is deducted from the previously obtained LR and
the pre-test probability.
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Step 1: calculation of the LR of a given test result

It is first necessary to know the DSe and DSp of the test
(from the manufacturer or the literature) and to have
obtained a test result from the patient (ie, positive or
negative). If the obtained test result is positive, the red
scales on the DSe/DSp axes must be used, whereas, if
the test result is negative, the blue scales should be used.
A line is drawn to connect the appropriate DSe and DSp
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Figure 2 The two-step Fagan’s nomogram. For example: the MRI screening test for breast
cancer in high-risk female patients has an estimated diagnostic sensitivity of 75% and
specificity of 96%.* A positive result from the MRI provides a likelihood ratio (LR*) of
approximately 19 (red line, I). Given that the patient came from a high-risk population with an
estimated prevalence of 2% and tested positive, the post-test probability for this patient to truly
have cancer would be approximately 28% (red line, Il). Alternatively, a negative test result would
produce a likelihood ratio (LR™) of approximately 0.25 (blue line, I) and the post-test probability
for this patient to truly have cancer would be approximately 0.6% (blue line, II).

values for the test and the intersection of the line with
the central axis provides the LR of the obtained test
result.

At this stage, the user can appreciate the direction
and strength of the evidence provided by the test
result, regardless of the pre-test probability. If the LR of
the test result is greater than one and very large, the

Evid Based Med August 2013 | volume 18 | number 4 |

evidence provided by the test result strongly supports
the presence of the condition. However, if the LR of the
test result is smaller than one and very close to zero,
the evidence provided by the test result strongly sup-
ports the absence of the condition. Naturally, if the LRs
for the test are reported or available, this first step is
not necessary.
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Step 2: calculation of the post-test probability

The second step corresponds to the original use of the
Fagan’s nomogram. Given an estimate for the pre-test
probability, a second line is drawn from the pre-test
probability estimate on the far left axis through the pre-
viously obtained estimate of the LR on the central axis
(from Step 1). The intercept of this line with the far
right axis provides the corresponding post-test probabil-
ity of the individual.

Example

The example of MRI screening for women at high risk
for breast cancer is used here to illustrate the application
of the two-step Fagan’s nomogram (eg, in figure 2). A
meta-analysis, using data from 11 MRI evaluation
studies, reported estimates for the DSe and DSp at 75%
and 969, respectively.'!

In the instance where the MRI yields a positive
screening result for at least one breast of a patient (red
scales used for the DSe and DSp axes, figure 2), the line
produced in the first step indicates an LR™ of approxi-
mately 19 (red line #1, figure 2). The LR" is greater than
one and is quite large indicating that a positive result
from the MRI supports the likelihood of a cancer being
present. Subsequently, based on an estimated prevalence
of 200 for breast cancer in these high-risk patients,'" the
intercept of the line produced in the second step indi-
cates that the probability for the patient to have breast
cancer increased from approximately 2 to 28%, given
the positive MRI result for this patient (red line #2,
figure 2). Estimates of the prevalence are not always
available in the literature for all the health conditions.
In these instances, it is a common practice to use best
guess estimates from clinical experience.

Alternatively, if the MRI yields a negative screening
result for both breasts (blue scales used for the DSe and
DSp axes, figure 2), the line produced in the first step
indicates an LR™ of approximately 0.25 (blue line #1,
figure 2). The LR™ is smaller than one and is close to
zero indicating that a negative result from the MRI does
not support the likelihood of a cancer being present.
Subsequently, based on the previous 2% prevalence esti-
mate, the intercept of the line produced in the second
step indicates that the probability for the patient to have
breast cancer decreased from approximately 2 to 0.6%,
given the negative MRI result for this patient (blue line
#2, figure 2).

Conclusion

The Fagan’s nomogram is the simplest of the Bayes’
theorem calculators to help practitioners determine the
probability of a patient truly having a condition of
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interest given a particular test result.* It is particularly
useful for the clinical practice when speed is favoured
over precision without the need of a calculator or com-
puter.'> However, its practicality at the bedside is limited
because the initial computation of the LR, from the DSe
and DSp, is missing. With the addition of this first step,
the two-step Fagan’s nomogram is expected to facilitate
the interpretation of any test outcome (positive or nega-
tive) and enhance its utilisation for routine use by
evidence-based practitioners. The Bayes’ theorem, and
thus the nomogram, is the proper approach to interpret
the result from one test at a time, however, users should
be cautious when interpreting multiple results from a
chain of tests (eg, history, clinical examination, etc.).
Unless the tests used in the chain are shown to be con-
ditionally independent (ie, the result of one test does not
depend on the result of the other test given the health
status), it is not recommended to use the post-test prob-
ability from one test result as the pre-test probability for
the subsequent test. The two-step Fagan’s nomogram
can be downloaded at: www.adelaide.edu.au/vetsci/
research/pub_pop/2step-nomogram/.

Competing interests None.

References

1. Reid M, Lane DA, Feinstein AR. Academic calculations versus
clinical judgments: practicing physicians’ use of quantitative
measures of test accuracy. Am J Med 1998;104:374-80.

2. Van den Ende J, Moreira J, Basinga P, ef al. The trouble with
likelihood ratios. Lancet 2005;366:548.

3. Fagan TJ. Letter: nomogram for Bayes theorem. N Engl J Med
1975;293:257.

4. Glasziou P. Which methods for bedside Bayes? Evid Based Med
2001;6:164-6.

5. Straus S, Richardson WS, Glasziou P, et al. Evidence-based
medicine: how to practice and teach it. 4th edn. Edinburgh:
Churchill Livingstone, 2011.

6. Grimes DA, Schulz KF. Refining clinical diagnosis with
likelihood ratios. Lancet 2005;365:1500-5.

7. Hayden SR, Brown MD. Likelihood ratio: a powerful tool for
incorporating the results of a diagnostic test into clinical
decision making. Ann Emerg Med 1999;33:575-80.

8. Dohoo I, Martin W, Stryhn H. Methods in epidemiologic
research. Charlottetown: VER Inc, 2012.

9. Pauker SG, Kassirer JP. The threshold approach to clinical
decision making. N Engl J Med 1980;302:1109-17.

10. PyNomo. Nomographs with Python, Version 0.2.2. 2010. http://
www.pynomo.org (accessed 8 Nov 2012).

11. Warner E, Messersmith H, Causer P, et al. Systematic review:
using magnetic resonance imaging to screen women at high risk
for breast cancer. Ann Intern Med 2008;148:671-9.

12. Moller-Petersen J. Nomogram for predictive values and
efficiencies of tests. Lancet 1985;325:348.

ybuAdoo Aq peraslold 1senb Ag 20z ‘0T IMdy uo /wod g wgs//:dny woij papeojumoq "€T0Z YdIBIN 9 U0 £¥ZTOT-€T0Z-08/9ETT 0T Sk paysiand isiy :pa|N pasegd ping


http://www.pynomo.org
http://www.pynomo.org
http://www.pynomo.org
http://ebm.bmj.com/

