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MEDICAL DECISION MAKING

Equation and Nomogram for Calculation of

Testing and Treatment Thresholds

To the Editor.-According to the threshold model, the
choice of a particular clinical strategy, observation vs test-
ing vs treatment, is dictated by the probability of disease’s
exceeding two relevant threshold probabilities.* If the
probability of disease is below the testing threshold (pg),
testing should be withheld. If the probability of disease is
above the treatment threshold (px), then treatment
should be given. The test should be performed only if the
probability of disease is between the two thresholds.
These threshold probabilities can be calculated from the
data on the benefits and risks of the appropriate treat-
ments, the sensitivity and specificity of a particular diag-
nostic test, and the risks associated with the test.’

We further generalize this model by providing an equa-
tion for calculation of any threshold probability*:

1
P = - (1)

. B
LR'= +1
R

where LR is the likelihood ratio, B is the benefit experi-
enced by treated patients with the disease, and R is the
risk experienced by treated patients without the disease.
To calculate py, use LR + (LR > 1); to calculate p., Use
LR —=(LR<1). If LR = 1, then p, = p». The last possibility
relates to a clinical situation when no further tests are
available.” Equation 1 thus can be used for easy calcula-
tion of the threshold probability of interest.

An even more convenient way to represent a functional
relationship among the variables in equation 1 (p,, LR,
B/R) is to construct a nomogram (Fig. 1). The threshold
probability is read at the point of intersection of the line
drawn through known values of B/R and LR on their cor-
responding axes. For example, the benefit-risk ratio for
treatment with anticoagulants of a patient with suspected
pulmonary embolism (PE) is 6.28 The positive and nega-
tive likelihood ratios of a ventilation-perfusion scan (V/Q)
for diagnosis of PE are 16.8 and 0.17, respectively? Draw-
ing lines through these points gives us py = 0.95% and px
= 49%. This means that if our estimate of the probability
of PE is less than 0.95% we should not order a V/Q scan;
if suspicion that the patient has PE is-greater than 49%
then we should administer anticoagulants without previ-
ously ordering a V/Q scan. A ventilation-perfusion scan
should be ordered if suspicion for PE is in the range be-
tween 0.95% and 49%. Notice that if a V/Q) scan is not
available, we can draw the line through LR = 1, giving us
p. = 14%3
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*Equation 1 was derived by assuming that the risks of ‘diag-
nostic tests are negligible compared with the benefits and the
risks of treatment and by further substitution of expressions for
test sensitivity and specificity in Pauker and Kassirer’s original
threshold equationsl with their respective likelihood ratios (LR
+ = sensitivity/false-positive rate; LR - = false-negative rate/
specificity).” Notice that original threshold equations should be
used if diagnostic tests are associated with considerable risks.’
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Nomogram to calculate threshold probabilities. To use the
nomogram, determine the benefit-risk (B/R) ratio on the right-
hand scale and the positive and negative likelihood ratios on
the center axis. Connect these points with straight lines, ex-
tending them to intercept the left-hand scale. The test-no-test
threshold is read from the extension of the line linking LR >
1 and the B/R ratio. The test-treatment threshold is read from
the line linking LR< 1 and the B/R ratio. 1 ¥ the estimated
probability of disease is below the testing threshold, observe
the patient. If the probability of disease is above the treatment
threshold, administer treatment. The test should be per-
formed if the probability of disease is between the two thresh-
olds. In a situation when no further tests are available, draw
the line through LR =1 and read off the (treatment) threshold
at the left-hand
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A similar nomogram for performing threshold analysis
was developed by Glasziou.” Glasziou’s nomogram re-
quires separate calculation of the treatment threshold
probability when no diagnostic tests are available® prior
to allowing determination of two other thresholds. With
this additional step, an intuitive feeling for the benefit-
risk ratios of available treatments is lost. In our experi-
ence, Glasziou’s nomogram has not enabled physicians to
easily capture a central relationship between the bene-
fit-risk ratios of available treatments and the threshold
probabilities. Our nomogram permits reading threshold
probabilities in direct relation to the benefit-risk ratio of
the treatment under consideration.
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ANNOUNCEMENT

16th Annual New England
Epidemiology Summer Program

June 10 -July 5, 1996
5- and 10-day Courses

The New England Epidemiology Institute Summer Program at Tufts University Medford campus includes
methodologlc, statistical, and substantive courses. This program is intended for those seeking an introduction to
modern epidemiologic concepts as well as those desiring a review of recent development8 in epidemiologic
thinking.

Nineteen 5- and 10-day courses cover the following: Introduction to Epidemiology, Conducting Epidemiologic
Research, Theory and Practice of Epidemiology, Epidemiologic Basis for Causal Inference, Introductory
Biostatistics, Regression and Categorical Data Methods, Survival Analysis, Meta-analysis, Clinical Research,
Pharmacoepidemiolog Epidemiologic Methods for Health Care Utilization Research, Epidemiology in
Developing Countries, Cancer Epidemiology, Perinatal Epidemiology, Genetic Epidemiology, Occupational &
Environmental Epidemiology, Use of Biomarkersin Epidemiology, Scientific Writing, and Ethics and
Epidemiology. Invited faculty include excellent teachers and prominent researchers from leading universities.
Registrants may receive graduate-degree credit or continuing education credits from Tufts University, Continuing
Medical Education (AMA Category 1) through Tufts University Medical School, Nursing CEUs from the
Massachusetts Nursing Association, and Certification Maintenance from the American Industrial Hygiene
Association.

For more information please contact:

The New England Epidemiology Institute
Dept. PA-MDM
One Newton Executive Park
Newton Lower Falls, MA 02162-1450
Phone: (617) 244-1200
Fax: (617) 244-9660
E-mail epidemiol@aol.com




