INTRODUCTION
Diagnosis is the process, as is well-known, of determining the disease causing
illness in a patient with symptoms. It is undoubtedly the most important step in
taking care of a patient, as proper treatment and prognosis depend upon accurate
diagnosis of a disease. We find practicing physicians to perform diagnosis on a
daily basis and diagnose diseases with an overall remarkably high accuracy rate of
85 to 90 percent (1). But the reasoning employed in diagnosis by these physicians,
we believe, is not entirely clear. In this paper, we shall study and analyze the
process of diagnosis in practice of one particular disease, acute myocardial
infarction (MI) to learn about the reasoning employed in diagnosis.
PROCESS OF DIAGNOSIS IN PRACTICE
We find that acute MI occurs, like any other disease, with varying presentations
that range from being highly typical to being highly atypical, in different patients.
For example, it may occur in a 65 year old man with multiple cardiac risk factors,
presenting with highly characteristic chest pain (highly typical presentation) as
well as in a healthy 40 year old woman without any cardiac risk factor presenting
with highly uncharacteristic chest pain (highly atypical presentation) (2). By a
highly typical presentation, we understand that most patients with this
presentation would have acute MI while we understand by an atypical
presentation that few patients with this presentation would have acute MI. As the
goal in practice is to diagnose acute MI accurately in both these patients, an
experienced physician suspects acute MI from the presentation in both these
patients. As he does not know at this stage if acute MI is present or not in either
patient, he formulates the suspected acute MI as a hypothesis in both patients
(3,4). This hypothesis is an assumption that acute MI is present in these two
patients.
The next step taken by the physician is to evaluate if this hypothesis is correct by
performing a test, an EKG, in both patients. Let us suppose, he observes the highly
informative test result, acute ST elevation EKG changes with likelihood ratio (LR)
of 13 (5) in both patients. He interprets this test result as strong evidence, we
suggest, based on its known performance of diagnosing acute MI accurately with

the high frequency of 86 percent in a series of patients with varying presentations
in whom acute MI is suspected from a presentation (6). Therefore, he diagnoses
acute MI from acute ST elevation EKG changes with a high degree of confidence in
the high accuracy of this diagnosis in both patients.
We find that any disease which has a test capable of generating a highly
informative test result with LR greater than 10 (7) is diagnosed in practice in a
similar manner regardless of whether it is suspected from a typical or an atypical
presentation. Thus pulmonary embolism is diagnosed from positive chest CT
angiogram, LR 20 (8); deep vein thrombosis from positive venous ultrasound
study, LR 16 (9) and covid-19 disease from positive covid-19 antigen test, LR 14
(10) in a similar manner in practice. A disease which does not have a test capable
of generating a highly informative result with LR greater than 10, is diagnosed in
practice, we suggest, from a combination of two or three test results, whose
combined LR is greater than 10, but this, we believe, needs to be studied further.
Some important features of the process of diagnosis in practice described above
are as follows:
(1) The only role of a presentation, typical or atypical, is to make a physician
suspect a disease and formulate it as a hypothesis. It plays no further role in
diagnosis once a highly informative test result is observed.
(2) Evidence, from which a disease is diagnosed with a high degree of
confidence, is provided only by a highly informative test result based on its
performance. Thus this diagnosis is consistent with and validated by our
experience.
(3) Therefore there is a clear division between the roles of a presentation and
of a highly informative test result, the former making us formulate a
hypothesis and the latter providing us evidence to evaluate the hypothesis
as being correct.
DIAGNOSTIC REASONING IN PRACTICE IS NOT BAYESIAN
We note that the reasoning employed for diagnosis in practice described above is
clearly not Bayesian for the following reasons:

(1) A prior probability based on a presentation is not attached to a hypothesis
so that there is no prior degree of belief for or against the disease
hypothesis.
(2) A disease is not diagnosed from a posterior probability generated by
combining a prior probability and a LR.
Thus Bayesian reasoning is not employed for diagnosis in practice even though it
has been prescribed (11) in theory. We note it has been prescribed due to its
coherence defined in terms of not losing a bet placed on a Bayesian diagnosis
(inference) (12) and not due to its diagnostic accuracy. It is not employed in
practice, we suggest, because it is likely to lead to diagnostic errors as discussed
below if it were to be employed:
(a) The Bayesian notion of interpreting a prior probability of a disease as prior
degree of belief for or against it is likely to encourage failure to suspect or
test a disease with a highly atypical presentation such as in the 40 year old
woman above by interpreting its low prior probability as prior degree of
belief against it. Thus it would encourage such errors which have been
reported in several studies (13,14).
(b) A Bayesian diagnosis from a posterior probability may lead to a diagnostic
error in a patient with a highly atypical presentation (very low prior
probability) in whom a high informative test result with LR greater than 10
is observed. For example, in the 40 year old woman above, who was
discussed in a clinical problem solving exercise (2), the Bayesian diagnosis
would have been of acute MI being indeterminate from a posterior
probability of 50 percent generated by combining a prior probability of 7
percent and LR of 13 (Appendix). But the discussing physician in this
exercise did not make this Bayesian diagnosis, instead he diagnosed acute
MI conclusively and accurately from acute ST elevation EKG changes alone.
DIAGNOSTIC REASONING IN PRACTICE IS FREQUENTIST
The reasoning employed for diagnosis in these two patients in practice, we
propose, is frequentist due to presence of the two following key features of
frequentist reasoning (15):

(1) A presentation, that is initially available information, is employed only to
generate a hypothesis. A prior probability based on the presentation is not
attached to this hypothesis.
(2) A disease hypothesis is evaluated and a disease diagnosed only from
evidence provided by known performance of a highly informative test
result in the form of a frequency.
We shall now discuss how a frequency, which represents performance of a highly
informative test result, is generated in practice. In a series of patients with varying
presentations and therefore with varying prior probabilities in whom we suspect
acute MI over a period of time, we do not know in advance about prior
probability in the next patient in whom we suspect acute MI. In addition, the prior
probability in one patient is independent of prior probability in another patient in
this series, therefore, we propose, the prior probability can be looked upon as
being a random variable (16) and the series as being a random series. This series
can also be looked upon, we suggest, as being a random sample that is drawn
from a population of patients with varying prior probabilities in whom acute MI is
suspected. We believe, any series of patients with varying prior probabilities in
whom acute MI is suspected anywhere in the world can be looked upon as being
a random sample which is drawn from this population.
In one such random sample, the frequency of acute MI in patients with acute ST
elevation EKG changes has been observed to be 86+/-2 percent with confidence
level 95 percent (6). This means this frequency will be between 84 and 86 percent
in 95 percent random samples drawn from the population by the Central Limit
Theorem (17). Therefore, when we observe acute ST elevation EKG changes in a
patient suspected to have acute MI, we are 95 percent confident this patient has
been drawn from a random sample in which the frequency of acute MI in
presence of acute ST elevation EKG changes is between 84 and 86 percent. This
enables us to diagnose acute MI, we suggest, with a high degree of confidence (95
percent) in the high accuracy (84 to 86 percent) of this diagnosis in this patient.
The above described frequentist reasoning is employed for diagnosis in practice
for a number of reasons as follows:

(1) A very high degree of accuracy of 85 percent or greater is achieved in
diagnosis of a disease in patients with varying prior probabilities that are
invariably encountered in practice by frequentist reasoning. Thus this
reasoning leads to an accurate diagnosis in 8 to 9 out of 10 patients and so
helps achieve the primary goal in diagnosis of very high diagnostic accuracy.
(2) It is especially noteworthy that this reasoning leads to accurate diagnosis of
a disease with an atypical presentation, which has a low prior probability as
we see in published diagnostic exercises in real patients such as in clinicalpathologic conferences (CPCs) and clinical problem solving exercises (18,19)
in which such diseases are routinely diagnosed accurately with frequentist
reasoning. This is made possible primarily by the fact, we suggest, that a
suspected disease with an atypical presentation is merely a hypothesis
without any prior probability attached to it so that it does not have any
prior degree of belief against it in frequentist reasoning.
(3) A diagnosis in a given patient, made by frequentist reasoning, is experience
based as it is made on the basis of an observed frequency and is thus highly
reliable.
(4) A diagnosis of a disease, for example, of acute MI from acute ST elevation
EKG changes in a patient in whom it is suspected is made by frequentist
reasoning with the same high degree of confidence in the high accuracy of
this diagnosis all over the world, whether it is in USA (20) or in Europe (20)
or in India (21) or in Africa (22). This uniformity in diagnosis, we suggest, is
due to the random nature everywhere of the series of patients with varying
prior probabilities in whom acute MI is suspected.
DIFFERENCES BETWEEN BAYESIAN AND FREQUENTIST REASONING
The basic difference between Bayesian and frequentist reasoning is that the
former employs a logic of confirmation while the latter uses a logic of testing (23).
In Bayesian reasoning, a posterior probability represents total degree of
confirmation generated by combining prior probability (prior degree of
confirmation) and LR (evidence due to test result). A disease is diagnosed in
Bayesian reasoning from a high posterior probability which represents strong
degree of total confirmation, but this approach causes problems in diagnosis in

practice. For example, in the above 65 year old man with very high prior
probability of acute MI, let us suppose, non-specific T wave EKG changes with LR
of 1 are observed when an EKG is performed to evaluate the hypothesis of acute
MI. A high posterior probability would be generated by combining the high prior
probability and LR of 1, which would represent strong degree of total
confirmation from which acute MI would be diagnosed to be present with a high
degree of certainty in Bayesian reasoning. But this Bayesian diagnosis would not
be made in practice, we believe, because the test result, non-specific T wave EKG
changes with LR of 1, is known to be worthless in frequentist reasoning as we
discuss below.
In frequentist reasoning, a disease hypothesis is diagnosed to be correct only if it
passes a stringent test by observing a highly informative test result. For example,
the disease hypothesis of acute MI in a patient is considered correct only if the
highly informative test result, acute ST elevation EKG changes with LR of 13 is
observed. This test result is considered highly informative based on its
performance of diagnosing acute MI accurately with the high frequency of 86
percent (8 to 9 out of 10) in patients with varying prior probabilities. The test
result, non-specific T wave EKG changes with LR 1, on the other hand, is
considered worthless, based on its performance of diagnosing acute MI
accurately, perhaps, with a frequency of around 50 percent in patients with
varying prior probabilities.
Another important difference between Bayesian and frequentist reasoning in
diagnosis relates to the role of probability in these two approaches. In the former,
a probability is attached to a disease and is interpreted as a subjective degree of
belief in it while in the latter it is attached to a procedure and is interpreted as a
frequency with which the procedure leads to an accurate diagnosis (23). The goal
in diagnosis in practice to achieve highly reliable accurate diagnosis of a disease,
based on experience, in patients with varying prior probabilities, is achieved, as
we have discussed in this paper only by frequentist reasoning in which a
probability is attached to a procedure.
NO EVIDENCE FOR BAYESIAN DIAGNOSTIC REASONING IN PRACTICE

We do not find any published study or report in which the prescribed Bayesian
reasoning has been employed for diagnosis in a real patient. Our experience is
similar to that of the eminent clinical investigator, Alvan Feinstein (24), who
noted, “I know of no clinical setting or institution in which the Bayesian diagnostic
methods are being regularly used for practical diagnostic purposes in a routine or
specialized manner”. Wherever we look in practice, for example, in published
diagnostic exercises in real patients such as in CPCs and in clinical problem solving
exercises (18,19), we do not find Bayesian reasoning to be employed for
diagnosis.
CONCLUSION
In conclusion, we have argued in this paper that diagnostic reasoning in practice
consists of suspecting a disease from a presentation and formulating it as a
hypothesis without attaching any prior probability to it. The disease hypothesis is
evaluated by performing a test and inferred to be correct if a highly informative
test result with LR greater than 10 is observed, based on the performance of this
test result in diagnosing the disease accurately with a very high frequency.. This
reasoning is frequentist in nature and leads to highly accurate diagnosis of a
disease in patients with varying presentations (prior probabilities).
We would like to point out that frequentist diagnostic reasoning in practice has
been developed by experienced physicians on their own to meet the challenge of
diagnosing a disease accurately with a high degree of reliability in patients with
varying presentations (prior probabilities). The fact that a series of patients with
varying prior probabilities in which a disease is suspected is a random sample
makes frequentist diagnostic reasoning about this disease highly accurate
wherever this disease is suspected. It is important, we believe, to recognize that it
is frequentist reasoning and not the prescribed Bayesian reasoning which is
employed for diagnosis in practice as this has important implications, we believe,
for teaching diagnosis to medical students and for reducing diagnostic errors.
Appendix
Prior probability of 7 percent = Prior odds of 7/93

In odds form of Bayes’ theorem,
Prior odds x Likelihood ratio = Posterior odds
Therefore,
7/93 x 13 = 1/1 = Posterior probability of 50 percent
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