THE EVALUATION OF A DIAGNOSTIC TEST
Introduction
	A correct diagnosis is „sine qua non” for a correct treatment.

To achieve a diagnosis, we need to apply one or several diagnostic tests (e.g. CT for brain hemorrhages, abdominal ultrasonography for liver diseases, bite-wing radiographs for tooth caries, examination and palpation using a probe for occlusal tooth caries, percussion of the thorax to identify a potential pleurisy, percussion of the tooth to identify a potential periodontitis, cardiac auscultation to identify abnormal heart sounds, laboratory tests to identify hypercholesterolemia, etc.)
Unfortunately, diagnostic tests are not perfect. They can tell us the truth, but they can also be wrong. One of the main areas of medical research is committed to finding ever more accurate diagnostic tests for any given disease, as cheap, easy to perform and with as little inconvenience to patients as possible.
The most accurate tests usually exhibit drawbacks regarding their high costs or difficulty to perform (e.g. a histopathological exam ensures a high level of accuracy but involves the risks, difficulties and costs of a surgical procedure followed by microscopic expertise). Therefore, quick, easy and cost-effective alternative tests are desired, searched for and evaluated in order to establish their reliability. Such new tests are evaluated by comparing their results with those of the most accurate test or testing procedure that exists for a certain disease at a given moment (called a Golden Standard Test).
The results of such a diagnostic test evaluation are expressed in terms of test indicators: Sensitivity, Specificity, Predictive Values, Accuracy, etc. The higher those indicators, the better the test.

Choosing the right test:
In public health, screening tests are chosen based on public health strategies among tests that exhibit a high sensitivity (Se).

As future clinicians, you will have to choose which test to use in order to diagnose a certain suspected pathology. You should favor the test with a higher specificity (Sp). Of course, other criteria such as the patient’s preference and costs will also contribute to settling on a certain test choice.

After choosing which test to use, you need to understand what a positive or negative result of the chosen test means. A positive test result does not necessarily mean a positive diagnosis. In order to know what a positive test result really means, you have to know the positive predictive value (PPV) of the applied test for the population that includes your patient (e.g. for a test with a PPV of 80%, a positive test result means a probability of 0.8 that the tested patient has the tested disease). The same applies for a negative test result, but using the negative predictive value (NPV). An even better method for interpreting a diagnostic test result consists in using the so called Fagan nomogram in association with two other indicators, positive likelihood ratio (+LR) and negative likelihood ratio (-LR). For each test that you will use, you should search and find these indicators in medical literature (books, academic papers).
Diagnostic reasoning:
Based on the medical history (anamnesis), the objective examination of the patient (which are in fact diagnostic tests themselves) and the known prevalence of a certain disease, you will formulate a suspicion regarding a certain disease (presumptive diagnosis). Your suspicion constitutes in fact a probability that your patient has a certain disease (pre-test probability).

If this pre-test probability is very high (e.g. above 0.6-0.8; or 60-80%) then there is usually no need for further testing.
If this pre-test probability is moderate (e.g. between 0.4-0.6; or 40%-60%) then you will need to select a specific test for the suspected disease in order to clarify your presumptive diagnosis. After applying this highly specific test you will know whether your patient tested positive or negative. Knowing the pre-test probability and the likelihood ratios of the test (from medical literature) you will then be able to find out using a Fagan nomogram a new probability for your patient to have the tested disease (post-test probability). Depending on the test result and the above mentioned indicators, this post-test probability can be higher or lower then the pre-test probability. You will then interpret this new probability (post-test) from the same perspective as above (e.g. if higher then 0.6-0.8 this usually confirms the diagnosis; if lower then 0.4 this usually disproves the diagnosis; if still between 0.4-0.6 you may try another, more specific test).
Studies which evaluate a new test on known patients that have already been diagnosed using a Golden Standard Test are called Phase II studies (or intrinsic quality evaluation of the test). They allow you to compute Se, Sp, +LR, -LR as well as the test Accuracy. Studies which evaluate a new test in the field, on patients who have not yet been diagnosed using a Golden Standard Test are called Phase III studies (or extrinsic quality evaluation of the test). They allow you to compute PPV and NPV. 
Representative sampling and blind testing of patients using the evaluated and standard diagnostic test independently, allows for the computation of both phase II and phase III medical indicators of a diagnostic test.


Aim of this practical session: 

· acquiring basic methodological skills for performing and interpreting diagnostic test evaluation studies
Utility: 

· performing a diagnostic test evaluation study for your graduation research and thesis 
· understanding and interpreting the results of diagnostic test evaluation studies, as future practitioners
Requirements:

1) read and understand the following scenario, as well as the individual requirements of the protocol, results and interpretation sections below

2) perform the required descriptive operations for this study, then complete the corresponding parts of this document (remember to save your work while doing so)

3) perform the required analytical operations for this study, then complete the corresponding parts of this document (remember to save your work while doing so)
Scenario:
	A study has been conducted to assess the dexamethasone suppression test as a diagnostic test for major depression. The dexamethasone suppression test measures if administering dexamethasone decreases cortisole levels at low doses (normal reaction - negative test) or only at high doses (abnormal reaction - positive). (For more information you may follow the links: general / psychiatric).
The study compared data obtained by the dexamethasone suppression test with a golden standard test (routine psychiatric evaluation + structured psychiatric interview). Both tests have been applied independently to a consecutive group of subjects, using a blind technique.
The study was conducted on patients admitted to the Psychiatric Clinic of Timisoara in 2004, on a total of 368 subjects, representative for the population of patients in psychiatric hospitals in Romania.
Various medications or conditions may interfere with the dexamethasone test or with the standard test. Some patients may be allergic to dexamethasone. Also, in psychiatric hospitals, there may be patients with altered mental faculties that make it difficult / impossible to collect information.


Research Protocol

1. Aim and objectives of these studies (fill in the corresponding empty spaces after the colon signs) 

Note: some spaces are already filled in. Read and understand the solutions, since this will help you solve the rest of this activity. 
	Aim of research (evaluation of a hypothetic link between the potential risk or protective factor X and the disease Y / evaluation of a new diagnostic test X in identifying or confirming the disease Y / evaluation of the efficacy (or of certain adverse effects) of a treatment scheme X in patients suffering of the disease Y / describing a new health phenomenon in order to search for hypotheses regarding its possible prognostic factors): 
· evaluation of intrinsic and extrinsic qualities of the dexamethasone suppression test in diagnosing major depression. 

Main Objectives (evaluating the potential link between the prognostic factor and the disease /quantifying the importance of this link / evaluating the causality potential of this link):
· Testing the existence of a link between test result and the presence/absence of major depression.
· Quantifying the importance of this link, by computing phase II and phase III test indicators.
Secondary Objective: computing the prevalence of major depression.


2. Domain of research (check the corresponding boxes, using an X)

	
	
	

	Description of a health phenomenon
	
	

	
	
	

	Evaluation of a diagnostic test
	
	

	
	
	

	Evaluation of a therapeutic approach
	
	

	
	
	

	Evaluation of prognostic (risk or protective) factors
	
	

	
	
	


3. Study type (check the corresponding boxes, using an X)
	A. Based on study objectives

	

	a. Descriptive (no tests or comparisons are performed, no links or associations are pursued)
	
	

	
	
	

	b. Analytical (tests or comparisons are performed, links or associations are pursued)
	
	

	

	B. Based on the researchers role

	
	
	

	a. Observational (the researcher does not intervene either on subjects or on the course of the disease)
	
	

	
	
	

	b. Experimental (the researcher does intervene on both subjects and on the course of the disease – e.g. by administering treatments, performing operations, etc.)
	
	

	
	
	


	C. Using the blind technique to assess the results (those that assess the results are not aware of the result of the other investigation, to prevent beeing influenced on the choice of the diagnosis)

	

	a. Yes
	
	

	
	
	

	b. No
	
	


4. Target population and study sample (fill in the corresponding empty spaces after the colon signs)
	

	Target population: 
· Clinical characteristics (e.g. the disease, the stage of the disease, complications, functional status): 

· Demographic characteristics (restrictions regarding age, gender, socio-economic status of patients):  


	

	Accessible population (due to certain geographic or time-related constraints for either the subjects or the researcher): 


	

	Study sample (identify and fill in possible inclusion and exclusion criteria, to make sure no relevant differences exist between the compared groups except the difference imposed by your subject grouping method)

	· Inclusion criteria (specifically identify the characteristics of subjects being studied; if subjects are chosen to form several groups, specify distinctive criteria for each group of subjects):

·  Clinical characteristics (e.g. only subjects with a certain disease X, in stage Y and functional impairment Z):
·  Demographic characteristics (e.g. only subjects older than 65, from rural environment, with low income and primary education at most): 


	· Exclusion criteria (applied only to subjects who comply with the above inclusion criteria; if not relevant, some or all exclusion criteria may be missing):

·  Biasing factors (e.g. coexistent diseases/coexistent treatments):
·  Adverse effects: 

·  Factors that make data collection difficult or impossible: 

 Ethic issues: 
· Sample Size. The sample size is big enough? (here greater than 357) Yes/No.

The size was calculated as follows. They began collecting data on a small sample in the hospital (internal pilot study) to determine the indicators needed to estimate sample size. Thus, the sensitivity was 0.52 (52%), a specificity of 0.83 (83%) and 0.55 prevalence (55%). The confidence level for the confidence interval was set 95%. Initially the margin of error (precision - in the program) (half the width of the confidence interval (i.e. a confidence interval for a sensitivity of 70% with an error of 5% has width of 10%, ie 70% + / - 5%) 0.05 (5%). but the number of subjects were unlikely (699) to be achieved within a reasonable period of time so that they set the acceptable error to 0.07 (7%), where the number of subjects were 357. For this calculation a program developed in an Excel file was used. (Naing L. Sample size calculation for Sensitivity & Specificity Studies. March 2004.)



5. Data collection method (check the corresponding boxes and fill in the corresponding empty spaces after the colon signs)

	A. Based on the studied population

	

	a. Exhaustive
	
	(the whole target population is studied)

	
	
	

	b. Sampling
	
	(a sample of the target population is studied)

	

	

	B. Based on the duration of data collection

	
	
	

	    Cross-sectional
	
	(data is collected at a given moment, like a „photographic image” of the medical situation)

	
	
	

	    Longitudinal
	
	(data is collected from the past or from the future, when referred to the start of a study)

	
	
	

	Retrospective
	
	(data is collected from the past (e.g. exposure to risk factors), from questionnaires or patient records)

	
	
	

	Prospective
	
	(data is collected in the future, by following patients over time (e.g. following the appearance or remission of a disease)

	
	
	

	

	C. Based on the grouping method 

	a. Representative sample
	
	(the research is performed on a sample group closely mirroring all characteristics of the target population from which it has been extracted)

	
	
	Specify the followed disease:

	
	
	Specify the followed factor: 

	
	
	

	b. Exposed – nonexposed
	
	(two groups are followed: one exposed, the other non-exposed to a prognostic factor)


	
	
	Specify the followed disease:

	
	
	Specify the predetermined exposure factor:

	
	
	

	c. Case - control
	
	(two groups are followed: the cases, who have the predetermined disease, and the controls, who are free of the predetermined disease)

	
	
	Specify the predetermined disease:

	
	
	Specify the followed exposure factor:

	
	
	


6. Defining variables (fill in the names of all collected variables in the correct textboxes below)
	A. Qualitative (categorical)
	
	

	Nominal (e.g. hair colour)

· 
	Nominal dichotomial (e.g. gender)
· 
	Ordinal (e.g. disease severity)
· 

	B. Quantitative

	Continuous(e.g. weight)

· 
	Discrete (e.g. number of children in a family)

· 

	C. Survival (e.g. survival time before death)

	


7. Data description and analysis plan (check the corresponding boxes and remember how to execute and interpret each of the specified entities. Refer to files Instructions.pdf and Interpretations.pdf)
	Programs and database that will be used for data description and analysis:
· Excel – BD_Dg(en).xls
· EpiInfo

	Data description 
a. for qualitative variables:
· Frequency tables

· Pie charts

b. for quantitative variables:
· Mean and standard deviation
· Frequency tables

· Histograms

c. for survival variables:
· Median of survival time

· Survival probability chart

	Description of potential relationships between variables
a. for qualitative variables:
· Contingency tables

· Column charts

b. for quantitative variables:
· Scatter charts

c. for survival variables:
· Survival probability charts

	Data analysis
Objective 1 (testing the existence of a link between test result and the presence/absence of major depression): Mc Nemar test
Objective 2 (quantifying the importance of this link, by computing phase II and phase III medical indicators): contingency table using Pivot Tables in Excel+computing of:
Phase II Indicators:

Se, Sp, Accuracy, +LR, -LR 

Phase III Indicators:

PPV, NPV 
Secondary Objective: (computing the prevalence of  major depression):
Indicator that may be computed only in representative samples:
Prevalence


Results
10. Descriptive Results (Use EpiInfo or Excel; refer to file Instructions.pdf in order to obtain the results required below. After making sure that each representation is complete, easy-to-understand and self-explained, insert it below the corresponding colon sign. Remember to label all tables and figures correctly!) 
	· -



11. Data Analysis (Use EpiInfo and Excel + refer to file Instructions.pdf in order to obtain the results required below. Insert each required result below the corresponding colon sign. 
Make sure to express your results using the formats specified in file Interpretations.pdf )
	Objective 1: p-value for a link between test result and the presence or absence of major depression: <0.001
Objective 2:

· contingency table (from Excel –create a similar table):
Count of Dexamethasone test

Golden standard

 

 

Dexamethasone test

disease (+)

disease (-)

Grand Total

positive

122

24

146

negative

94

128

222

Grand Total

216

152

368

· true positives (TP):

· true negatives (TN):
· false positives (FP):
· false negatives (FN): 

Phase II indicators
· Se:

· Sp and confidence interval:
· LR +

· LR -
· Accuracy:

Phase III indicators
· PPV:

· NPV:

Secondary objective: 

· Prevalence (indicator that may be computed only in representative samples):

Compute the confidence intervals for Se and Sp using the frequencies ​​computed in the contingency table from Excel in the following online computer: http://statpages.org/ctab2x2.html. Express these results in the correct format:



Interpretations
12. Interpret the results of these studies. Refer to file Interpretations.pdf to verify your interpretations, only then fill in the empty spaces below.
	Statistical:


	· Evaluate the link between test result and the presence or absence of major depression (could the contingency table distribution have resulted by chance?):

· Explain what each value of the computed indicators means:

· Se:

· Sp:

· Accuracy:

· PPV:

· NPV: 

· Prevalence:
· The 95%CI of Sp:



	Clinical:
	Evaluate the values of the following indicators regarding their clinical significance:

· Se:

· Sp:

· Accuracy:

Appreciate the accuracy of the computed specificity (the width of the confidence interval):
relatively precise / imprecise (wide range - inaccurate results, narrow range - accurate results)

Appreciate the clinical utility of the dexamethasone suppression test as a screening / confirmatory diagnostic test (a high sensitivity test is useful for mass screening of the targeted disease; a test with high specificity is useful for confirmatory diagnosis of the disease in question):

· better for screening
· better for confirmatory diagnosis


13. Clinical application of likelihood ratios

	You area a young resident working in a psychiatric clinic. After medical history, you consider that your newly admitted patient has a 55% chance of having depression (pre-test probability). After applying the dexamethasone suppression test your patient has a positive result. Using the Fagan nomogram below, find the post-test probability that your patient has a major depression (using a line from the Word drawing tools, or simply the edge of a paper-sheet, connect the corresponding values on the first two axes and read the result where your line intersects the third axis).
Note the post-test probability for your patient to suffer from major depression:
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Fig. 1 Fagan nomogram for computing the post-test probability to have the tested disease, 
when knowing the pre-test probability, the test result and the likelihood ratio of the applied test.


Opt) Self-evaluation: (respond to the following questions)

	1. Name the probability of a patient who does not suffer from major depression to have a negative dexamethasone suppression test result. In which test evaluation phase are you allowed to compute this indicator?
· Name:
· Phase:

2. Name the probability of a patient who has a negative dexamethasone suppression test result to not suffer from major depression. In which test evaluation phase are you allowed to compute this indicator?

· Name:

· Phase:


Opt.

Answer the following questions about the following article: for the Faculty of Medicine: http://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21429231/, respectively Dental Medicine: http://www.nature.com/bdj/journal/v190/n8/full/4800998a.html
1. the domain of clinical research (Description of a new health phenomenon; Evaluation of a diagnostic procedure; Evaluation of a therapeutic approach; Evaluation of a risk or prognostic factor)

2. the study type based on the researcher’s approach (Descriptive / Analytical)

3. the study type based on the researcher’s role/intervention (Observational / Experimental).
4. the type of data collection based on the studied population (exhaustive/by sampling)

5. the type of data collection based on its duration (Cross-sectional / Longitudinal [retrospective / prospective])

6. the type of data collection based on the grouping method (representative sample, exposed/not exposed, case control)

7. Name, write the formula of the probability of a non-diseased patient to test negative using the new test. (For Faculty of Dentistry will use the values of the Examiner 1) Interpret the result of the study statistically and clinically.

8. Name, write the formula of the probability of a diseased patient to test positive using the new test. Interpret the result of the study statistically and clinically.

9. Name, write the formula of the probability of a patient who tested positive with the new test to have the tested disease. Interpret the result of the study statistically (only for the faculty of Medicine – since this indicator is calculated). 

10. Write the formula and compute LR+ and LR-. Explain and interpret the statistical meaning of LR+.

11. Write down the search strategy to be used in Pubmed, by using the PICO technique, to search articles similar to this study, articles that have as objective the assessment of sensitivity.
12. Write the correct reference to cite the academic paper according to the Vancouver system.

Conclusion of this activity: 
Today’s activity helps you perform a study to evaluate a diagnostic test for your graduation thesis or for other research projects.  In the context of evidence based medicine/dentistry (EBM/EBD), it also helps you to understand and interpret the results of diagnostic test evaluation-studies that you will read as future practitioners. 

Save the changes you made to this document, and then close it.  

Attach this Word document to an e-mail message and send it to the address provided by your assisting professor. Specify in the e-mail Subject: Your full name, your group and the title of this activity.
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