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Chapter 14

DOCTOR'S DILEMMA
(Medical Decision making)

R.D. Ganatra

Einstein is supposed to have said that "God does not play dice". A Doctor has to play
God at times and unlike God he has to play dice also. A patient does not go to the doctor
for a shopping list of drugs or for a list of investigations to find out what is wrong with him.
He goes to him, really speaking, for a decision. A doctor is unable to offer, most of the
times, a definite decision because the evidence that he has at hand is more of a statistical
nature and not conclusive enough, but he still has to decide about the management of the
patient by playing dice, because he cannot wait indefinitely for the evidence to build up so
that his diagnosis is irreproachable. How should he play the dice that he has better than an
even chance of coming out right?

It should be recognized first of all that there are no medical decisions which are
infallible. A doctor takes them in such a way that the statistical probability of their being
right is in his favour.

The application of any test will split the population in four ways.

1. True positive (TP) - those individuals who indeed have the disease
which the test is supposed to detect and in whom the test is positive;

2. True negative (TN) - those individuals who do not have the disease, the
test is intended to detect and in whom the test is negative;

3. False negative (FN) - those individuals who do have the disease for
which the test was used but in whom the test is negative;

4. False positive (FP) - those individuals who do not have the disease but
in whom the test is positive.

The above outcomes of a test can be expressed in a matrix format in the following way:
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The specificity (Sp) of a test is its ability to detect those individuals who do not have the
disease.

TN
Specificity (Sp) =

TN + FP

It is obvious, that fewer the FP cases found by a test, the higher is its specificity. The
highest possible specificity can be 100%, which means that among 100 individuals without
the disease the test will find 100 TN and no FP cases. Specificity decreases with the number
of the FP cases detected.

Sensitivity (Sv) of a test is its ability to detect the disease among those who indeed have
the disease.

TP
Sensitivity (Sv) =

TP + FN

As in the case of specificity, the highest degree of sensitivity is expressed as 100 %.
Higher the FN, lower is the sensitivity of the test.

Accuracy (Ac) is mathematically expressed as:

TP + TN
Accuracy (Ac) =

TP+TN+FP+FN

Accuracy decreases with increase in the FP and / or FN. When there are no FP or FN,
FP+FN is equal to zero and from the above formula, it will be obvious that the Ac will be
ONE, which is the highest possible.

A very sensitive test is likely to be less specific. Let us take an example from Liver
scintigraphy. There is a total of 344 patients in whom a confirmed diagnosis is available.
The decision matrix looks like this:
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If the above numbers are plugged into the formulas given earlier, the following values
are obtained:

231
Sensitivity (Sv) = = 0.9

231 + 27

54
Specificity (Sp) = = 0.63

54 + 32

27
False Negative = = 0.1

258

32
False Positive = = 0.37

86

231 + 54
Accuracy (Ac) = = 0.83

344

Whatever one does, certain inaccuracy is inevitable. In what clinical situations, we can
tolerate more FP? Not in detecting metastases in the liver because with a positive scintigram,
either TP or FP, the chemotherapy will be imperative. These are relative value judgements
and compromises are involved in this kind of decisions.

The following figure shows the same concepts graphically for a system of continuous
variables such as T4 levels of RIA in a patient suspected of having thyrotoxicosis (Fig. 14.1).

The graph shows two kinds of populations: normal and patients suspected of having
toxicity. The central vertical line is the so-called normal value which divides the population
between normal and abnormal. If you slide this line of demarkation to left, you end up with
more FP and less FN (Fig. 14.2). On the other hand, a slide to the right will result in small
FP and a large FN. If you apply the above mentioned formulas, you will realize that there
is always a compromise between the sensitivity and the specificity. You can never be
unimpeachably accurate but you are allowed to temper with your scales of justice in favour
of sensitivity or the specificity.
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There are few other factors which influence your decision. Prevalence and incidence of
a disease influences the predictive value of the test and these terms are defined below.

Prevalence (P) represents the total number of cases of a disease at a certain moment in
a given population. Prevalence rate (Pr) is the number of cases of the disease per 100 000
population.

Incidence(I) is the number of new cases of a disease which develop during a defined
period of time. It is usually expressed as the incidence rate (IT), i.e. the number of new cases
per year per 100 000 population.

The Predictive value (PV) of a test is an important notion in diagnostic testing.
Predictive value positive (PV+) is defined as the % of the positive results that are true
positive when the test is applied to a population comprising of both the healthy and the
diseased subjects. In the same way, the PV- is the % of the negative results in a similar
population. The Predictive value depends on the following factors: Prevalence (P) of the
disease, sensitivity (Sv) and the specificity (Sp) of the test used, as shown in the following
equation for PV+:

Sv x P
PV+ =

(Sv x P) + (1 - Sp) (1 - P)

It is clear from the equation that P strongly influences the PV + . In a simple way, PV+
provides probability of a disease, if the test gives a positive result. PV- signifies probability
of no disease, in the presence of a normal result. There are ready-made Tables of Predictive
value at different Prevalence. Table 1, is given as one example:

TABLE I. EFFECT OF PREVALENCE ON PREDICTIVE VALUE
WHEN SENSITIVITY AND SPECD7ICITY EQUAL 95%.

Prevalence of disease(%)
0.1
1.0
2.0
5.0
50.0

Predictive value of a positive test(%)
1.9
16.1
27.9
50.0
95.0

A simplified approach to the Predictive values of the test can be presented as follows:

TP TN
PV+ = x 100 PV- = x 100

TP + FP TN + FN
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PV+ depends on the number of the FP and PV- is dependent on the number of FN-.
The smaller the number of FP or FN, greater is the value of PV+ or PV-.

Here also, an example will make the concept of prediction easier to grasp. As we saw
in the previous example, the sensitivity and the specificity of liver scintigraphy is 90 % and
63 % respectively.

In an area, where the prevalence of Amoebic abscess is just 1 %, as is the case in most
of the developed world, a PV+ resulting from a positive test, will increase this probability
to 3 %, not a very significant gain by any chance. If a negative result was obtained in liver
scintigraphy, our confidence in the prediction that the patient does not have amoebic abscess
will rise from the original 90 % to 100 %. In some parts of the third world, the prevalence
of liver abscess is as high as 50 %. A positive scan will increase this probability to 75 %
and a negative result will raise this to 87 % (Fig. 14.3). In both cases, the gains in our
predictive confidence are not substantial. Medical decisions are not made solely on the basis
of the test results but they are also dependent on the geographical location of the patient.

There are other ways also of improving the predictive confidence. Selection of the
patient for an investigation will change the prevalence values. High degree of clinical
suspicion will put the patient in a high prevalence group. It will at least establish a rationale
for the investigation. Is it being done for diagnosis because the clinical examination is
strongly in favour of a specific diagnostic probability, or is it being done merely as a
screening test to exclude a diagnostic possibility in cases where the clinical examinations were
normal?

A similar enhancement of the prevalence in a population group can be obtained by
sequential testing. If a previous screening test had indicated a presence of the disease, the
second test will be done in the high prevalence group. Doing a variety of tests, all at the
same time, does not help very much because all tests are being done in a low prevalence
group. Moreover, too many tests have a high probability of one test giving an abnormal
result as shown in the graph below. If 15 tests are done simultaneously, there is a 50 %
chance of one of the tests showing abnormal results (Fig. 14.4).

Receiver Operating characteristics (ROC), was originally devised as a means of
displaying the accuracy of an observer to discriminate between signal and noise when using
electronic systems such as RADAR. The curve primarily was meant for electronic signal
detection. ROC curve can be plotted as the true positive rate (TPR) or sensitivity as the
ordinate and the false positive rate (FPR) or (1 - specificity) as an abscissa (Fig. 14.5) In
a sense, the curve represents possibilities of compromise between (or a sort of trade-off) the
sensitivity and the specificity. The cut-off line can be moved to right or left, increasing or
decreasing on one side TP and FP and thereby the sensitivity of the test or on the other side
the TN and FN and thereby the specificity of the test. An optimal operating point should be
determined for each test. The optimal operating point defines the aim with which the test has
been applied. If the aim is to exclude the disease, higher specificity is required at the
expense of the sensitivity, e.g. testing pilots for their fitness. On the other hand, if it is
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desired to detect the disease, (say, T.B. among the recruits) , higher sensitivity is required
at the cost of specificity. The following figure shows a typical ROC curve between TP and
FP. It will be obvious that you can not increase TP without some increase in the FP. Where
the curve levels off at the top, there is no substantial gain by any costly refinement of the
technique.

Fig. 14.6 shows ROC curve between CT and ultrasound for detecting focal diseases in
the liver. Obviously, CT has more TP with less FP. ROC curves not only vary from patient
to patient or from instrument to instrument but can also vary from doctor to doctor.

Do doctors disagree?

Disagreement between experts is presumed to be uncommon in medical diagnosis.
Radiology is considered to be a particularly objective means of diagnosis and expert
radiographic interpretation is expected to be infallible.

Five military radiologists were made to review independently chest radiographs of 1256
patients recorded in four image formats and interpret each as positive or negative for
tuberculosis. The results were unexpected. Ability to detect tuberculosis varied little
between various image formats but the extent of disagreement between doctors was
remarkable. The number of cases judged positive varied from 56 to 100 among the five
readers. Of cases judged positive at least once, the mean rate of disagreement between pairs
of readers was 19%.

The validity of these findings have been confirmed repeatedly in several subsequent trials.
Other diagnostic modalities show equally surprising rates of diagnostic dissonance. Extensive
observer disagreement was found to be a universal problem in medical diagnosis, giving
credence to the proverbial adage that "no two doctors agree".

The magnitude of disagreement between experts is the principal theoretic problem of
diagnosis. Even a stochastic theory of diagnosis is devised which accounts for the
disagreement between experts, where the disagreement approaches a theoretic maximum even
for ideal diagnosticians.

In another similar trial, three radiologists and three chest physicians, read three sets of
chest X-rays of 150 patients with proven tuberculosis. The rate of disagreement between
pairs of readers ranged from 26 to 38%. Readers made a second interpretations of the
radiographs several weeks later. The rate of disagreement with oneself ranged from 19 to
29%!

The receiver operating characteristic (ROC) curve, as explained above, is a graph of
sensitivity versus specificity. A particular point on an ROC curve represents a diagnostic
strategy, i.e, "under-read" or "over-read" the test. There are always sins of 'omission' and
'commission1 and whichever way you lean you either increase the sensitivity and decrease the
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specificity or vice versa. A physician defines his strategy depending upon the prevalence of
the disease, treatment possibilities available and the management outcome of a false positive
or a false negative diagnosis. Experts can and do disagree systematically as a result of
diagnostic strategy. Disagreement does not indicate a disparity in diagnostic skill.That is why
the Agency's insistence that a clinical training program should be in the candidate's region
only, so that his ultimate clinical decisions are not based on the diagnostic predictions
prevalent in the developed world.

If I am in a country where there is no facility for cardiac surgery and where I am doing
nuclear cardiology to decide which patient should go abroad for cardiac surgery, I would
prefer to be sensitive, rather than specific. If I am in a hospital where I have to give opinion
to a cardiac surgeon on the next floor who is waiting for my results to decide whether to
operate on the patient or not, I shall try to be specific and not unduly sensitive.

Coordinated Research Program (CRP)

IAEA had conducted a CRP on "Evaluation of Liver Imaging Procedures" from 1984 to
1988. It started with an analysis of the images of a liver phantom with the aim of evaluating
the performance characteristics of the imaging instruments available in the developing
countries. During the course of this initial analysis, we found that a same image of the
phantom can be interpreted differently by different observers. There was an observer
variation with a wide divergence. A way of statistically analyzing this observer variance was
developed on the basis of the Receiver Operating Characteristics (ROC) curves. The project
then entered into its second clinical phase at this stage. A set of 293 liver images of patients
with confirmed diagnosis were provided to each of the participating countries. Several
nuclear medicine specialists from each country interpreted these images and entered their
findings on a specially prepared proforma. Obviously there was a great deal of variation in
the diagnostic interpretation from doctor to doctor.

The variation in the interpretation of clinical liver images does not come as a surprise to
a practising nuclear medicine specialist. A two dimensional image of a large solid organ like
liver without any specific geometric shape poses a serious challenge for interpretation. Faced
with such a challenge, each nuclear medicine specialist forms his own diagnostic strategy.
This would differ from country to country.

Cost of a test

The cost of a test is difficult to determine because the cost is to be ascertained not only
in terms of money but also in terms of cost of the medical consequences of FP or FN results
of an investigation. The average cost resulting from the use of a diagnostic test C can be
expressed by the following complicated formula:

C = CO + C-i-p • P-TP + C-rV • P-TN + Cpp • * FP "+" Cpw . "iTP • rTP ~ *-TN • *TN ~ *~FP • rFP ^ ^FN • * FN
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overheads of performing the test;
the average cost of the medical consequences of a True positive decision;
the probability of a True positive outcome; and so on for the True negative, false
positive and negative decisions. The above formula looks formidable but very easy
to understand conceptually, if it is written in words as given below:

cost of error = cost of test + P of false + ve x cost of false + ve
+ P of false -ve x cost of false -ve

The following table shows the results of Renogram and Angiogram in a group of patients
with renal artery stenosis.

Patients who do not need surgery

Patients who needed surgery

RENOGRAM

Abn.

11

4

Norm.

85

0

ANGIOGRAM

Abn.

1

4

Norm.

95

0

Obviously the renogram did miss quite a few abnormalities but it did not miss any where
the disease was advanced enough to need surgery. Renogram is non-traumatic and if the aim
is to detect patients who might require surgery, it is far less costlier than the angiogram.

It is now commonplace to build decision tree, where you go from non-invasive to
invasive and from less costly to more costly tests. The tree progresses sequentially and all
the tests are not done at the same time and at any stage on the tree, if a doctor got enough
confidence in his diagnosis, further investigations need not be done.

Efficiency, and efficacy

Efficiency is a simple definition derived from the above:

TP + TN
Efficiency = x Total

100

A more realistic approach will be to define efficiency as the ability of the test to provide
diagnostic information of the highest relevance with the lowest investment both in terms of
work and money.

Efficacy is the ability of a diagnostic test to influence a doctor's decision regarding the
patient's management Which diagnostic test is more efficacious in a particular clinical
situation depends on a variety of factors. A test acceptable or preferable in one part of the
world may not be considered that beneficial in another part of the world.

178



DOCTOR'S DILEMMA

Diagnostic utility of investigations

How a doctor arrives at a decision is of interest to both the developed and the developing
countries. The developed and the developing want to walk on the same road but from
different directions: one wants to develop a little more and the other wants to develop a little
less for cost containment.

Advanced countries want to reduce unnecessary diagnostic tests in an attempt to bring
down the sky-high cost of the medical care. The developing countries want to set up only
the essential tests because their resources are limited. Both of them are approaching the same
target but from different directions. These economic considerations have led us to new ways
of accessing the utility of diagnostic tests. They are increasingly evaluated in terms of "how
they affect the outcome of the patient's management". Apart from establishing the diagnosis,
does the test provide any prognostic information, does it help in evaluating the results of the
treatment that the patient is receiving?

To justify nuclear medicine in a developing country we have to see nuclear medicine in
a new role. It is not for putting the diagnostic labels, not for differential diagnosis as we
have been conditioned to think so far. In a developing country it should be for differential
management. How does it alter the management decision in respect to a particular patient
? If management outcomes are restricted, there is no need for an investigation which does not
help in any way the management of the patient. If there is no bypass surgery, what use is
the thallium perfusion? Although primarily a diagnostic discipline for its justification and
survival in the developing country it should lead to a sensible differential management.

May be a rule of thumb for deciding whether a test should be done or not, could depend
on the following dialogue between a patient and a doctor:

"What will you do if the test is negative?"

"Nothing is indicated then."

"What will you do if the test is positive?"

"Nothing again, because nothing is possible."

"Why do you want to investigate, then?"
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FN FP

SENSITIVITY 4-

SPECIFICITY t

LOW FP

HIGH FN

Fig. 14.1 The continuous line shows normal population. The interrupted line shows
thyrotoxic population. The straight line in the middle shows the cut-off
value between the normal and the abnormal. The cut-off point shows a low
FP, indicating that the in vitro test is more specific and less sensitive.
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Fig. 14.2 Sliding the cut-off point to the left increases the number of FP,
thereby increasing the test's sensitivity but lowering its
specificity.
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Fie 14 3 Sensitivity and the specificity of the liver imaging for Amoebic
abscess, in populations with markedly different prevalence

rates.
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50

Fig. 14.4 The probability of at least one test showing abnormal results
when a series of investigations are done at the same time.
With 15 tests, there is a 50% chance that one test shows
abnormal results.
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TP t

FP

Fig. 14.5 ROC curves. X-axis shows false positives and the Y-axis
shows false negatives.
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Fig. 14.6 ROC curves of CT and US. The CT has less FP, while having
less FP.
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