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 Point-of-Care (POC) diagnostic laboratory testing is not common in eye 
care. This is not due to any lack of clinical need; it is rather the result of a lack of 
specific tests known to demonstrate diagnostic and/or treatment relevance to the 
optometrist, and a general resistance to adopting new diagnostic technologies. Yet 
there is evidence of a rapidly growing acceptance of POC testing as clinicians 
begin to better understand the diagnostic and treatment value of currently available
tests and how they correlate to various ocular surface disorders.1 

 Quantitative or qualitative ophthalmic lab tests are quite precise when used 
as diagnostic tools and may also be used to evaluate treatment efficacy. Whether 
they are based on traditional lateral flow immunoassay systems, electrochemical 
sensors or other platforms under development, continued advances in technology 
have steadily produced more sophisticated devices capable of accurately measuring
an increasing number of target ocular analytes.

 POC lab tests have the real potential to streamline healthcare in general and 
improve clinical outcomes. In the ophthalmic clinic, for example, the transfer from 
physician diagnostic chair time to lab tech time is itself a significant improvement 
in patient flow. Imagine the improvement in patient flow if a patient’s lab test 
results are in the chart before the doctor enters the lane. 

 The growing use of POC lab testing within the ophthalmic sector is 
undeniable, and will continue to expand as more tests are developed and more 
clinicians adopt them in their day-to-day diagnostic regimen.  There has been a 
slow, but steady, shift over the past twenty years from being considered interesting 
gadgets to becoming critical diagnostic systems. 

The Guiding Principle - Medical Necessity

 We must begin by stating the use of lab tests, particularly ones that are 
reimbursable, are governed by one basic premise; they must be judged to be 
medically necessary.2 As health maintenance organizations and government 
agencies seek to provide quality cost-effective medicine, reduction in the ordering 
of “unnecessary” laboratory tests are one of their favorite objects of pursuit. 
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 In  this  regard,  the  critical  question  facing  physicians  becomes:  What
constitutes a necessary laboratory test? Medical necessity is defined as diagnosing
and treating an illness or injury.  The patient’s documented signs,  symptoms, or
diagnosis  must  support  the  services  or  treatment  in  order  to  be  considered
medically  necessary.3 It  is  incumbent  upon  physicians  to  understand  which
laboratory tests are accurate enough to be clinically useful and appropriate to order
in the diagnosis and follow up of a patient’s medical condition.4 

Evaluating the Diagnostic Performance of Lab Tests

 According to Michael Laposata, M.D., Ph.D., Executive Vice-Chair of 
Pathology, Microbiology and Immunology at Vanderbilt University, “The medical 
specialty that nearly every practicing physician relies on every day, for which 
training in many medical schools is limited to no more than a scattered few 
lectures throughout the entire curriculum, is “laboratory medicine.” The 
importance of understanding the principles for selecting and ordering the most 
rational laboratory test(s) on a specific patient is heightened in the current age of 
managed care, medical necessity, and outcome-oriented medicine.” 5 The ability to
understand a lab test’s diagnostic performance characteristics, or its ability to 
provide clinically consistent and relevant data, is critical for meaningful clinical 
use. If a test has poor performance characteristics, exactly how poor is it? If a test 
is good, how good is it? How would one know?

 Four indicators are most commonly used to determine the reliability of all 
clinical lab tests. Two of these, accuracy and precision, reflect how well the test 
method performs day to day in a laboratory. The other two, sensitivity and 
specificity, deal with how well the tests are designed to be able to distinguish 
disease from the absence of disease.6

 The accuracy and precision of each test are established, and are frequently 
monitored, by the Lab Director. Sensitivity and specificity are determined by 
research studies and are generally found in the manufacturer’s published literature. 
Although each test has its own performance measures and appropriate uses, 
laboratory tests are designed to be as precise, accurate, specific and sensitive as 
possible. A definition of each term follows.

Precision: A tests method is said to be precise when repeated analyses on the same 
sample give similar results, or the amount of random variation is small.
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Accuracy: A test method is said to be accurate when the test value approaches the 
absolute “true” value of the substance (analyte) being measured. Routinely, 
performed tests are compared to known “control specimens” and evaluated. 
Although a test that is 100% accurate and 100% precise is ideal, in practice, test 
methodology, instrumentation and laboratory operations all contribute to small, but
measurable, variations in results. The difference between a known standard and 
multiple test average results is known as the Coefficient of Variation (CV).7 The 
CV also provides a general “feeling” about the performance of a method or test. 
Generally, CVs of 5% or less generally give us the feeling of good method 
performance, whereas CVs or 10% or more sound less accurate. This is not always 
the case. For example, when measuring analytes at very low concentrations, the 
CV may be very high (over 20%) but accurate and reliable for clinical use.

Sensitivity: Sensitivity is the ability of a test to correctly identify individuals who 
have a given condition.8 In other words, if a person has a disease, how often will 
the test be positive (the true positive rate)? For example, a certain test may prove to
be 90% sensitive. If 100 patients are known to have a certain condition, a test that 
identifies that condition will correctly do so for 90 of those 100 cases (90%). 
Generally, the more sensitive a test, the fewer false-negatives will be produced. Put
another way, if the test is highly sensitive and the test result is negative you can be 
nearly certain the patient doesn’t have the disease.

Specificity: Specificity is the ability of a test to correctly exclude individuals who 
do not have a given condition.8 Or, if a person does not have the disease, how often
will the test be negative (the true negative rate)? For example, a certain test may 
prove to be 90% specific. If 100 healthy individuals are tested, only 90 of those 
100 healthy patients (90%) will be found “normal”, or free of the target disease. In 
general, the more specific a test, the fewer false-positive results will be produced. 
If the test result for a highly specific test is positive you can be nearly certain the 
patient actually has the disease.

 The primary performance metrics that are most important to the end-user 
are those representing the quality and predictive value of the tests being performed,
these being sensitivity and specificity. Secondarily, test accuracy and precision may
decline, thus becoming less predictive, if lab personnel do not carefully follow 
recommended test procedures and protocols. Therefore, it is important for each 
party, the manufacturer and the ophthalmic lab, to work together in an effort to 
produce the highest level of accuracy possible.

The Clinical Performance of Ophthalmic POC Lab Tests
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 The clinical need for accurate and precise tear-based ophthalmic diagnostic 
lab tests is no less important than those in general medicine using blood, serum or 
any other sample source. Because the clinical performance of all laboratory tests 
differ with respect to their diagnostic accuracy (i.e., sensitivity & specificity), the 
selection of the appropriate test will vary depending on the purpose for which the 
test is used. One can assess the clinical performance characteristics of any lab test 
by reviewing published data relative to sensitivity and specificity.

 To date, the FDA has approved five ocular POC diagnostic lab tests that use 
tears as the source material. These are:

Ocular Lactoferrin    Advanced Tear Diagnostics (ATD), Class II*
Ocular IgE    Advanced Tear Diagnostics (ATD), Class II
Ocular Osmolarity TearLab (TL), Class I
Ocular Adenovirus RPS, Class I
Ocular MMP9 RPS, Class I

* CLIA Complexity Level, Class I – waived, Class II – moderate

Clinical Utility - Test Performance Numbers

 For reference, it is important to note that any test with a sensitivity of 50% 
and a specificity of 50% is no better than a coin toss in deciding whether a disease 
or condition may be present or absent. For lab data to be useful, it must be 
dependably accurate.

 According to Professor Frank Wians, PhD, Department of Pathology at the 
University of Texas, “Tests possessing a combined sensitivity and specificity equal 
to 170 or greater are likely to prove clinically useful, thus a lab test with a 
sensitivity of 95% and a specificity of 95% (sum = 190) should be considered an 
excellent test.” 5 By comparison, a test with 60% sensitivity and 70% specificity 
(sum = 130) would be of marginal clinical utility and sub-par for routine clinical 
use. 

 The following chart provides a comparative overview of the various 
performance characteristics of each tear-based test currently on the market.
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Test Clinical Use Sensitivit
y

Specificit
y

PPV NPV

ATD
Lactoferrin9

KCS Marker,
differential

83% 98% 98% 85%

ATD
IgE10

Assess 
presence of 
ocular 
allergen

95% 94% 96% 93%

TearLab
Osmolarity11

KCS Marker,
non-
differential

73% 92% 82% 48%   

RPS
Adenovirus12

Detects 
Ocular 
Adenovirus,
qualitative

90% 96% 96% 96%

RPS
 MMP913

Inflammatory
Marker, 
qualitative

85% 94% 97% 73%

What are PPV and NPV?

 In the above chart, there is reference to Positive Predictive Value (PPV) and 
Negative Predictive Value (NPV), interesting but seldom used performance metrics
when used in assessing the overall clinical performance of diagnostic lab tests. 

PPV is defined as the proportion of all positive test results (True Positives + False 
Positives) to True Positives.14 It is calculated using the following formula:

PPV = True Positives / (True Positives + False positives)
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NPV is defined as the proportion of all negative test results (True Negatives + 
False Negatives) to True Negatives.13 It is calculated using the following formula:

NPV = True Negatives / (True Negatives + False Negatives)

PPV and NPV performance results depend, in large measure, on the size of the 
patient population being analyzed. As with any statistical method, the results are 
susceptible to skewing. For the clinical ophthalmic physician, it is safe to assume 
the most important lab test performance metrics are those presenting a test’s ability
to confirm or rule out the presence or absence of a target condition; these being 
sensitivity and specificity.

Regulatory Requirements for Tear Testing

 All diagnostic lab tests are regulated by the FDA and managed by CLIA. 
CLIA, which stands for Clinical Laboratory Improvement Amendment, is the 
federal regulatory body which sets training & operating standards and issues 
certificates for all clinical laboratory testing that use human specimens for the 
purpose of providing information used to diagnose, prevent or treat. CLIA’s 
objective is to ensure the accuracy, reliability and timeliness of lab test results 
regardless of where performed.15 All CLIA enforcement responsibilities fall to each
state’s Department of Health. 

 Currently, all licensed optometrists and ophthalmologists meet the federal 
CLIA requirements needed to perform Class I (waived) and Class II (moderate 
complexity) lab tests as long as these tests use tears as the source material. Several 
states still restrict or prohibit optometrists from performing Class I and/or Class II 
lab tests in their office, most notably California and New York. 

 The application process is simple and generally takes about six weeks to 
receive a CLIA provider number. Once this number has been issued, testing may be
performed.

 All FDA-approved tear tests have been authorized for diagnostic use but 
are, in practice, limited by medical and reimbursement policies to being performed 
only on patients having specific complains or exhibiting signs and symptoms. 
None are currently approved for “general screening” purposes. 

Reimbursement
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 All tests mentioned above have been approved for reimbursement by federal 
healthcare programs and most, if not all, private payers. The following is a brief 
overview of relevant CPT codes as well as 2016 CMS reimbursement averages.16

ATD Ocular Lactoferrin CPT Code 83520 $ 17.63 per test
ATD Ocular IgE CPT Code 82785 $ 22.43 per test
TearLab Osmolarity CPT Code 83861 QW      $ 22.50 per test
RPS Adenovirus CPT Code 87809 QW $ 16.33 per test
RPS MMP9 CPT Code 83516 QW $ 15.71 per test

Conclusion

 It is important for all clinicians to recognize that laboratory data, although 
extremely useful in diagnostic decision-making, is only as good as its ability to 
provide precise and accurate results. Tests should be used as an aid and adjunct to 
the totality of the patient’s relevant findings (e.g., history, physical exam, etc.). 
Laboratory data is never a substitute for a good physical exam and patient history. 
Clinicians should treat the patient, not the laboratory results.

 Effective treatment follows an accurate diagnosis. To the extent that lab 
tests are beginning to play an increasing role in the ophthalmic diagnostic process, 
it remains important for the optometric physician to better understand the clinical 
utility and performance characteristics of any test they intend to use on their 
patients. These tests provide useful data that can only aid in the diagnosis and 
management of our patients and make us better clinicians.
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