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Competencies: Medical Knowledge, Patient Care

Learning Objectives: After reading this information you should be able to discuss the basic concepts underpinning screening.
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Figure 1. LeadTime Bias.
In the example shawn, the diagnosis of disease is made earlier in the screened graup, resulting in an apparent increase in survival
time (lead-time bias), although the time of death is the same in both groups.




Figure 1 - from: Harris, RP, et. al. Current Methods of the U.S. Preventive Services Task Force: A review of the process, in Guide to Clinical Preventive Services, 3rd Edition, Periodic Updates.http://www.ahrq.gov/clinic/gcpspu.htm
Introduction

Screening tests are standardized examinations or tests used to identify patients who would benefit from the early detection of disease. The fundamental tenants underlying the concept of screening are that:

· “The test must be able to detect the target condition earlier than without screening and with sufficient accuracy to avoid producing large numbers of false-positive and false-negative results (accuracy of screening test).

· Screening for and treating persons with early disease should improve the likelihood of favorable health outcomes (e.g., reduced disease-specific morbidity and mortality) compared to treating patients when they present with signs or symptoms of the disease (effectiveness of early detection)”(1), and (efficacy of treatment).

As shown above in Figure 1 from the US Preventive Services Task Force, the highest quality evidence for screening demonstrates a direct impact on reduced morbidity and/or mortality.  Less direct evidence relies on a chain of linkages through a number of intermediate steps to assess the effectiveness of a screening strategy. These intermediate steps depend upon disease prevalence, an identifiable target group at particularly high-risk, accuracy of screening tests, the efficacy of treatment, the association between intermediate measures (e.g., serum lipids) and health outcomes (e.g., myocardial infarction). Testing and treatment may themselves have adverse effects that must be considered in the overall effectiveness of a screening strategy. These criteria are similar to those outlined by the World Health Organization(2) and by Frame and Carlson.(3)
Accuracy of Screening Tests – Tests are valued because they discriminate one group of patients from another.  We start by identifying a "gold standard", usually a well defined pathologic or clinical finding that defines a disease, a condition, or a syndrome.  Then we assess conditional probabilities, namely, the frequency with which various clinical findings and test results occur in these defined entities, (eg, the probability of post-operative bleeding in patients with prolonged partial thromboplastin times).


Although some tests can have several results and can be applied to patients who might belong to one of several different groups, it is often useful to consider a simplified situation in which the test is either positive or negative and in which a patient either has one particular disease or does not. In such simple cases, we traditionally use four special terms:

1) sensitivity is the likelihood of a positive result in patients known to have the disease (PT+|dis);  

2) specificity is the likelihood of a negative result in patients known to be free of the disease (pT-|no dis);  

3) the false-positive rate is the likelihood of a positive result in patients known to be free of the disease (pT+|no dis) and equals (1-specificity); and  

4) the false-negative rate is the likelihood of a negative result in patients known to have the disease (pT-|dis) and equals (1-sensitivity).  


Thus, sensitivity and the false-negative rate describe how the test performs in patients with disease, whereas specificity and the false-positive rate describe how the test performs in patients without disease. “(4)  The use of screening tests with poor sensitivity or poor specificity may result in potentially serious consequences due to false negative or false positive results. These in turn may lead to a false sense of security and inappropriate delay in treatment, or the patient’s unnecessary exposure to the risks of treatment. Figure 2 below demonstrates these 4 terms using a “modified Latin square” in which the width of the columns corresponds to the proportion of patients with (left) or without (right) disease and the height of the rows corresponds to the proportion with positive or (top) negative (bottom) test results. In this example utilizing the partial thromboplastin time (PTT) as a screening test for post-operative hemorrhage in clinically low risk patients, disease corresponds to major post-operative bleeding complications.(5)
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Figure 2. Length-Time Bias.
‘The probability of detecting disease is related 1o the growth rate of the twmor. Aggressive, rapidly growing tumors have a short

potential screening period (the interval between possible detection and the occurrence of symptoms). Thus, unless the screening
test i repeated frequently, patients with agaressive tumors are more likely 1o present with symptoms. More slowly growing tumers
have a longer potential screening period and are more likely 10 be detocted when they are asymptomatic. As a result, a higher

proportion of indolent tumors is found in the screened group, causing an apparent improvement in survival.




The likelihood ratio is a single measure that summarizes a test's performance if a given result is observed.  The likelihood ratio for a positive result is the ratio of the likelihood of a positive result in patients with disease to the likelihood of a positive result in patients without disease (PT+|dis / PT+|no dis), that is, true-positive rate/false-positive rate or, equivalently, sensitivity/(1-specificity).  The likelihood ratio for a negative result is (PT-|dis / PT-|no dis), that is, (1-sensitivity)/specificity.  A likelihood ratio of one means the test result conveys no information; a likelihood ratio of zero means the test result eliminates the possibility of disease; a likelihood ratio of infinity makes it certain that disease is present.  If the likelihood ratios of negative and positive results are zero and infinity, respectively, then the test classifies perfectly.


In the example shown in Figure 3 above, data from Suchman and Mushlin’s study demonstrated that the likelihood ratio among low risk patients actually was less than 1.0 (0.6 [95% CI, 0.16 – 2.3]). However, the 95% confidence limit (CI) crosses 1.0, meaning that elevated PTT does not reliably predict increased or decreased risk of hemorrhage. Coagulation studies in patients at low clinical risk for post-operative bleeding at best may be misleading and result in confusion and further unnecessary testing. Among patients at high risk for hemorrhage, the likelihood ratio is 1.8 (CI, 1.2 – 1.8).

What do we do with the test result? (Interpretation of Data) - Once we have defined the sensitivity and specificity of a test, we can next interpret a positive or negative test result, estimating the chance that a patient has a given disease.  To interpret a test result, three sets of probabilities must be considered, as follows:

1)
The probabilities of the diagnoses before the performance of the test (pretest or prior probabilities)

2)
The probabilities that a given finding can be observed in each diagnosis (conditional probabilities, of which sensitivity and specificity are special cases)

3)
The probabilities of the diagnoses after the test result is known (posttest or posterior probabilities)

The mathematical relationship between these probabilities is referred to as Bayes' Rule.


4) Odds Likelihood Ratio Calculation for Bayes’ Rule -



(Prior Odds of Disease) x LR = Posterior Odds of Disease
Remember: odds = p/(1-p) and




probability = Odds/(Odds + 1).


The odds-likelihood formulation of Bayes’ rule shows that the post-test odds of hemorrhage in high-risk patients with elevated PTT are still low (31:1000 [17:1000 x 1.81]). Among patients at high risk for hemorrhage, the likelihood ratio of a negative test result (false negative rate/true negative rate) is 0.61 (CI, 0.34 – 1.1). If Bayes’ rule is applied, the post-test odds of hemorrhage in a high-risk patient with a normal PTT are 10:1000 (17:1000 x 0.61). As shown in this example, PTT is not very useful as a screening test for post-operative hemorrhage, even in “high-risk” patients, because of low sensitivity, high false positive rate, wide confidence intervals around the likelihood ratios, and the low pre-test odds of post-operative hemorrhage.(6)
Effectiveness of Early Detection – Even if a test accurately detects early-stage disease, one must ask whether this will benefit the patient. This highlights the importance of treatment efficacy. However, even with effective therapy, for screening to be worthwhile, early detection must offer added benefit over conventional diagnosis and treatment. A screening strategy has questionable effectiveness if patients seeking medical attention because of symptomatic disease have similar outcomes to those undergoing screening and subsequent treatment for early disease.





The apparent effectiveness of screening can also be influenced by lead-time and length biases. This is a common problem in cancer screening. Lead-time bias refers to the apparent improvement in survival when screening simply advances the time of diagnosis, lengthening the period of time between diagnosis and death without any true prolongation of life. Length bias refers to the tendency of screening to detect a disproportionate number of cases of slowly progressive disease while missing aggressive cases, due to the shorter window of time between asymptomatic, early disease and symptomatic disease in aggressive cases. As a result, cases detected by screening appear to have better outcomes, while in truth they have less aggressive disease.(7, 8)
Cases and questions:

You are performing a pre-operative assessment on a 75-year old man scheduled for an elective total hip replacement. The patient has been healthy and has no significant medical history. He has a past surgical history of a non-laparoscopic cholecystectomy several years ago, which he tolerated without complications. He denies any history of abnormal bleeding or bruising, and denies a history of liver disease. He denies a history of weight loss and has no evidence of malnutrition or malabsorption. You are considering what laboratory testing to recommend to your orthopedic surgeon colleagues. It seems reasonable to suggest that they order a prothrombin time (PT) and a partial thromboplastin time (PTT). You present the case to your General Medicine consult attending and the following discussions ensues:

1) What information do you require to decide whether pre-operative screening with a PT and PTT will help determine this patient’s risk of peri-operative hemorrhage, and therefore be useful as a pre-operative screening test?

a. The odds of Lion Heart winning the Kentucky Derby.

b. The prior (or pre-test) probability of post-operative hemorrhage based upon clinical history.

c. The cost of the PT and PTT.

d. The sensitivity and specificity of the PT and PTT for predicting post-operative bleeding complications.

e. The number needed to treat.

2) Prior to the performance of any testing, what is the likelihood that this patient will have post-operative bleeding complications?

a. No chance.

b. About 0.2%.

c. About 2%.

d. Roughly 10%.

e. He’s going to bleed like a stuck pig!

3) In the previously mentioned study of surgical patients without clinical risk factors for post-operative hemorrhage admitted to Strong Memorial Hospital in Rochester, NY in 1981, only 25 patients had post-operative bleeding. 2 of these patients had an elevated PTT, while 23 had normal PTTs. 1802 patients did not have post-operative bleeding. Of these, 241 had an elevated PTT, while the remaining 1561 had a normal PTT. What are the sensitivity and the specificity of the PTT for post-operative hemorrhage?

a. Sensitivity – 30%; Specificity – 50%.

b. Sensitivity – 1%; Specificity – 98%.

c. Sensitivity – 8%; Specificity – 87%.

d. Sensitivity – 1%; Specificity – 98%.

e. Sensitivity – 90%; Specificity – 25%.

4) In the study above, the likelihood ratio for a positive test result (i.e., elevated PTT) was 0.60 (95% CI, 0.16-2.3). If the pre-test odds of post-operative bleeding for low risk patients is only 0.2, how should one interpret a positive or abnormally elevated PTT?  What does this mean about the bleeding risk in such a patient? In a similar manner, if the likelihood ratio for a negative test result (i.e., normal PTT) is 1.06 (95% CI, 0.95-1.2), what is the risk of post-operative hemorrhage in a patient with a normal PTT? 

5) Is the PTT a useful pre-operative screening test for low-risk surgical patients?

Answers

1. Answer: B and D.
Discussion: When considering which patients to screen, it is useful to first stratify patient risk based upon known clinical factors associated with post-operative bleeding. From this risk stratification, a pre-test or prior probability of bleeding can be determined. Having established pre-test probabilities of bleeding complications based upon clinical risk factors, the next step is to calculate the post-test or posterior probability of hemorrhage in patients with both normal and abnormal test results. In order to perform this calculation, the clinician needs information regarding the sensitivity and specificity of the test for predicting post-operative bleeding complications. Bayes’ rule can then be used to calculate the post-test probability of bleeding.

2. Answer: B.

Discussion: In a study using data from all surgical patients admitted in 1981 to Strong Memorial Hospital in Rochester, NY, Suchman and Mushlin found the probability of postoperative hemorrhage to be 0.22% in low risk patients, and 1.7% in high risk patients.(5) Patients were assigned to the high-risk group based upon any of the following 3 criteria: 1) known coagulopathy; 2) potential factor deficiency (e.g., history of liver disease, malabsorption, malnutrition); or 3) trauma or hemorrhage.

3. Answer: C.

Discussion: As shown in Figure 2, sensitivity is the proportion of all patients with disease, or in this case post-operative hemorrhage, who have a true positive test result, in this case an elevated PTT - (true positives)/(all patients with disease) = 2/25 or 0.08. Specificity is the proportion of all patients without disease, or in this case without bleeding, who have a true negative test result, in this case a normal PTT - (true negatives)/(all patients without disease) = 1561/1802 or 0.866. 

4. Discussion: The likelihood ratio of a positive test (true positive rate/false positive rate) can be used to calculate the probability of disease given a positive test result. A test result with a likelihood ratio of 1.0 adds no information to the pre-test probability, so that a patient is no more likely to have disease after the test result as before the test was performed. In Suchman and Mushlin’s study, the likelihood ratio among low risk patients was actually less than 1.0 [0.6, 95% CI, 0.16 - 2.3]. However, the 95% confidence interval crosses 1.0, meaning that an elevated PTT does not reliably predict an increased or decreased risk of hemorrhage.  The same can be said of the likelihood ratio for a negative test result and the meaning of a normal PTT. Obtaining coagulation studies in patients who are clinically at low risk for postoperative hemorrhage may be, at best misleading and result in confusion and further unnecessary testing.

5. Discussion: The PTT is not very useful as a screening test for postoperative hemorrhage, even in “high risk” patients, due to its low sensitivity, the high false positive rate, the wide confidence intervals around the likelihood ratios, and the low pre-test odds of postoperative hemorrhage.
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Figure 3. Adapted from: Eckman MH, et. al. Screening for the risk for bleeding or thrombosis. Annals of Internal Medicine. 2003;138:w15-w24.





Figures 4 & 5. Adapted from: Patz EF, et. al. Screening for lung cancer. New England Journal of Medicine. 2000;343:1627-1633.
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