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Making Medical Decisions 
 

George Rebane 

 

[This introduction to modern medical decision making is intended as the first of a series of such 

essays on RR.  Subsequent pieces will cover simplifying nomograms (to avoid the arithmetic), 

personal utility (always subjective), and planning sequential diagnostics and treatments.  The aim 

here is to prepare the intelligent healthcare customer to communicate effectively with the 

healthcare industry and make prudent decisions for his own benefit.  A related background 

tutorial by the author for this piece is ‘Hello Bayes Theorem!’] 

 

The healthcare industry is woefully behind the times in many areas, but helping patients make 

correct decisions about their individual healthcare is where healthcare providers, led by attending 

physicians, are pathetically behind the times.  Let me explain. 

 

Almost all of us have been in a clinic or doctor’s office and encountered a quandary on how to 

decide on what diagnostic or treatment procedure to choose next, or how to meaningfully 

interpret the results of a test that just came back.  The usual response of the layman in this 

situation is to give up trying to understand the gobbledygook from the healthcare professional, 

and just put everything into their hands.  Arguably for most people this is the wrong choice.  The 

medical profession has a terrible record of mistakes that result in tens of thousands of deaths 

annually (mortality rate), and even a much higher rate of morbidity (making things worse). 

 

However, it doesn’t have to be that way if the patient has an elementary understanding of how 

uncertainties are measured and can be dealt with when they inevitably encounter their next 

critical decision in their own or a loved one’s healthcare.  Numeracy on the part of the patient is 

the only real requirement. 

 

The Meaning of a Diagnostic Test 

 

To firm up our understanding of this topic, let’s consider a couple of scenarios.  A patient could 

have a dreaded disease, say DD4, and has undergone a diagnostic test for that disease.  The 

attending physician reports that the results came back ‘positive’.  What to do now?  The first 

question should be ‘then what are the chances that I really do have DD4?’  Unfortunately, that 

question is seldom asked, and when asked, the answer at best is an ambiguous prevarication such 

‘well, the chances are pretty good that you’re suffering from DD4.’  Now what are you supposed 

to do with ‘pretty good’. 

 

On another occasion a patient’s blood test comes back during a routine physical, and the 

physician notices an anomaly that may harbinger DD9.  He points this out to the patient, says not 

to worry, ‘it’s probably nothing, just a normal aberration’, and tells the patient that they’ll repeat 

the test six months from now just to make sure.  We all know what the patient does with that 

kind of a report – he goes away and worries for six months, making all kinds of plans for the 

contingency that he really does have DD9. 

 

http://rebaneruminations.typepad.com/files/a-first-look-at-bayes-theorem-1.pdf
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In both scenarios a more complete report would have served the patient better in deciding what 

to do next or how to respond. 

 

To begin, the patient can do his part with a little homework on the reliability of tests in general.  

No test is 100% reliable in the sense that if it comes back ‘positive’ or ‘negative’, one is then 

assured that they do or don’t have some dreaded disease.  This means that the chances, or 

probability, of suffering from DD is somewhere between zero and one (or 100%).  One reason 

for this is that most tests come back with a number – e.g. your PSA test for prostate cancer 

returns 5.7 – instead of just ‘positive’ or ‘negative’.  It is where the physician or the clinical 

literature puts the threshold on such a number that determines their pronouncement ‘positive’ (if 

the PSA is at or above, say, 4.0) or ‘negative’ (if it is below 4.0). 

 

But let’s not forget that just getting a positive/negative report on a test result doesn’t answer the 

burning question on the patient’s mind – ‘given the test result, what’s the chance that I have the 

DD?’  To answer that we have to encounter some more realworld details about test results.  The 

easiest way is to look at the following graphic from Wikipedia (Figure 1) that summarizes the 

clinical data for a specific test given to diagnose a specific DD. 

 

 
Figure 1 

 

Here we see that the DD is bowel cancer, and the test T is the fecal occult blood screen test.  The 

matrix represents the results from administering this test, in this case to 2,030 patients.  The test 

performance was considered typical and agreed with results from other cohorts of patients.  The 

first thing to notice is that only 30 out of 2,030 tested actually turned out to have bowel cancer.  
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Of these the test returned true positives (TP) for 20 of them, and false negatives (FN) for the 

other 10. 

 

In medical testing the term ‘Sensitivity’ is used as a measure of test performance that is really 

P(T|DD), the probability of getting a positive test outcome (denoted by T) given that you have 

DD.  In this case this computes to 67%, or two out of three times the test comes out positive if 

you have the disease.  In other words, this is the probability that the test returns a correct 

diagnosis given that you actually have DD.  But we’re not done yet. 

 

Now in the case that you don’t have the DD, the performance of the test is measured by 

something called ‘Specificity’ defined as P(¬T|¬DD), the probability that the test comes out 

negative (denoted by ¬T, the minus sign with the hangy down part ¬ is a ‘negative’ like in a 

logical NOT) given that you don’t have DD.  In other words specificity, P(¬T|¬DD), is the 

probability that the test correctly identifies a true negative (TN).  From the test matrix we see that 

this test’s specificity is 91%, or about 10 out of 11 times the test gives correct results when no 

DD is present. 

 

A Typical Medical Encounter – Get Your Calculator 

 

But we’re still not there yet.  You went to the doctor to report some discomfort you’ve been 

having in your lower gut, and the medico decides you need a fecal occult blood screening.  He 

instructs you to produce and bring back a stool sample, and you leave none the wiser about what 

the future will hold when the test comes back. 

 

Being of an analytical bent, you recall something about Bayesian updating of chances and 

likelihoods when new data is combined with prior beliefs expressed as a probability.  Knowing 

only what you and your physician now know, your chances of having bowel cancer is just that of 

anyone else in the population, namely just the incidence of the disease.  You google that and 

discover that the incidence for colorectal cancer is about 40 cases in a population of 100,000.  

That means that knowing nothing else, your prior chances (probability) of having that DD is 

40/100,000 or 0.0004 or 0.04%, pretty small indeed. 

 

So what is the test going to tell you when it comes back positive or negative.  You really want to 

know the values for P(DD|T) and P(DD|¬T), and this is where the good Reverend Thomas 

Bayes comes in – see ‘Hello Bayes Theorem!’ for a short tutorial.  A quick trip to Wikipedia 

tells you that your prior knowledge of having the DD is represented by the (prior) probability 

P(DD) = 0.0004.  And you can compute P(DD|T) and P(DD|¬T) from knowing the test’s 

sensitivity, P(T|DD) = 0.67, and specificity, P(¬T|¬DD) = 0.91.  Just plug these numbers into 

the following Bayes formulas. 

 

For positive test result we have  
   

       

|
|

| |

P T DD P DD
P DD T

P T DD P DD P T DD P DD


  
.  Not to 

worry about P(¬DD), the probability of not having the disease, because it’s just 1 – P(DD), the 

complement of P(DD), the prior probability of having the disease.  Also, P(T|¬DD) is just the 

complement of specificity or 1 – P(¬T|¬DD).  Now we just plug in the numbers into our 

calculator (spreadsheet works even better) and get 

http://rebaneruminations.typepad.com/files/a-first-look-at-bayes-theorem-1.pdf
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0.67*0.0004

| 0.0030
0.67*0.0004 0.09*0.9996

P DD T  


. 

 

This tells us that if the test comes back positive, your chances of actually having DD, or cancer 

of the bowel, is about three out of a thousand or 0.3%.  We’ll take a look at what this means in a 

moment. 

 

Next, let’s see what a negative test result will tell us.  In that case we need to calculate P(DD|¬T) 

from its Bayes formula  
   

       

|
|

| |

P T DD P DD
P DD T

P T DD P DD P T DD P DD


 

    
.  Here we 

need to use P(T|DD), the sensitivity metric for the test, to compute P(¬T|DD) = 1 – P(T|DD) as 

 

    
0.33*0.0004

| 0.0002
0.33*0.0004 0.91*0.9996

P DD T  


. 

 

This tells us that if the test comes back negative, our chances of having the cancer is cut in half 

from the already miniscule prior probability that reflects the incidence in the general population. 

 

With this analysis in hand you meet your physician and present him the results before he can 

even relay the fecal occult blood screen outcome.  It should be clear to both of you that the test 

outcome can do little to affect any follow-on decision because the probability of your having the 

cancer is extremely low in either case.  It appears that the administered test was not powerful 

enough to make a difference, and you ask why you were subjected to the additional cost of such 

a procedure.  We will assume you have an astute physician who understands your reasoning and 

work – this is not always the case. 

 

Your doctor tells you he understands your work, and even agrees that your results support your 

consternation if we accept the 0.0004 value for prior probability P(DD) that you dug up from 

your online research.  He then goes on to tell you that with the symptoms you described during 

the first visit, the clinical probability that you had colorectal cancer was about one in ten or 0.10. 

 

Putting that number into the spreadsheet in your laptop gives the new results as 

 

  
0.67*0.10

| 0.45
0.67*0.10 0.09*0.90

P DD T  


, 

and 

  
0.33*0.10

| 0.04
0.33*0.10 0.91*0.90

P DD T  


. 

 

Now things look a lot more serious.  If the your test came back positive, you have almost a 50-50 

chance of having the cancer, and if the results are negative then your chances of the disease are 

reduced to one out of 25.  In either case, you are already prepared to undergo further testing and 

their expense to resolve whether you are sick or not.  With these updated and presumably correct 

probabilities, you appreciate why the fecal occlusion test was prescribed.  Your physician knew 



V 20apr2012 georgerebane.com Page 5/7 

 

that such a test returning a positive outcome would be powerful enough to resolve the decision 

for follow-on testing and its expense. 

 

Unfortunately, such data and analysis is seldom done in the offices of healthcare providers.  

Instead, decisions to either continue or forego further testing or treatment are based on fuzzy 

perceptions that don’t communicate and are not well understood by the healthcare provider, and 

most certainly not by the patient. 

 

Reviewing the Main Points 

 

The above example of applying the Bayes Theorem to medical test results is also a 

demonstration of the fundamental process in the scientific method.  We have an initial belief – 

the prior probability - that some theory works or is true.  To test the theory we perform an 

experiment whose outcome should be able to increase or lower our belief in the theory.  That the 

post-test or posterior belief can go up or down (‘non-monotonic’ for the techie reader) is an 

extremely important and powerful part of Bayesian analysis. 

 

However, we don’t test or perform expensive experiments just for the fun of it; as shown in the 

above example, we want the results to support an important decision to subsequently do 

something.  In the case of medical diagnosis we want the diagnostic process to either support 

going on with some specific treatment or to abandon a previous decision to proceed with the 

treatment.  And that all hinges on what is our belief (probability) that the DD is present.  Figure 2 

makes these two cases clear. 
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Figure 2 



V 20apr2012 georgerebane.com Page 6/7 

 

 

Again the main concern is represented by the vertical axis that indicates the probability P(DD) 

that the disease is present.  Clinical practice recommends the treatment if we believe that the 

disease is present with a probability that is above some treatment threshold probability, say, PTT.  

The value of PTT is chosen by considering factors (attributes) such as the treatment’s cost, side 

effects, patient distress, and probability of working (cure or delaying death). 

 

So, in light of a contemplated treatment that satisfies the patient’s desired attributes, then for a 

patient whose P(DD) < PTT (Case 1 in figure), we would like to perform a diagnostic test that is 

powerful enough (high sensitivity, Figure 1) to push P(DD|T) > PTT, and then give strong 

support to the decision to start treatment.  If the posterior probability P(DD|T) < PTT, then the 

test is too weak (low sensitivity) and an alternative diagnostic should be sought. 

 

For a patient whose prior probability P(DD) > PTT, and who, for a number of reasons, is still in 

doubt about starting treatment, that patient may appeal to another diagnostic test whose negative 

outcome (high specificity, Figure 1) would push P(DD|¬T) below PTT enough so as to reverse 

the decision to start treatment, or at least give cause for a delay during which other alternatives 

may be sought.  This is Case 2 as shown in Figure 2.  Here we remind ourselves that all of this 

can be determined before the patient commits to any diagnostic procedure. 

 

By now the reader should be convinced of the role and benefit of making reasonable medical 

decisions based on available clinical data and correct analysis.  This has been a brief introduction 

to how the healthcare provider and the patient can summarize and communicate the available 

medical knowledge, and integrate that with patient concerns/preferences.  The approach 

explained here is not being practiced today in the overwhelming encounters that the public has 

with medical professionals.  With the advent of the internet, tablet computers, and informative 

graphics, Bayes should become an integral part of planning and interpreting both the diagnostics 

and treatments that are available today. 

 

 

 

 

 

 

 

 

 

 

 

 


