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The importance of R

It is hard to underestimate the importance of clinical laboratory
test results. Nearly 80% of physicians’ medical decisions are
based on information provided by laboratory reports.

A test result by itself is of little value unless it is reported with the
appropriate information for its interpretation.

Typically, this information is provided in the form of a RI or
medical decision limit.



The importance of R

An Rl is an interval that, when applied to the population serviced by the laboratory correctly
includes most of the subjects with characteristics similar to the reference group and
excludes the others.

No RI is completely “right” or “wrong”. The majority of RIs in use today refer to the central
95% of the reference population of subjects.

By definition, 5% of all results from “healthy” people will fall outside of the reported RI and,
as such, will be flagged as being “abnormal”.

Of note, reference intervals should not be confused with clinical decision limits.



Here are many problems associated with the calculation of RI.

According the latest edition of the Clinical and Laboratory Standards Institute—
approved guideline:

“...the working group recognizes the reality that, in practice, very few laboratories
perform their own reference interval studies,” “...instead of performing a new
reference interval study, laboratories and manufacturers refer to studies done many
decades ago, when both the methods and the population were very different.



Direct vs. indirect approaches

It has been recommended that an Rl be established by selecting a statistically
sufficient group (a minimum of 120) of healthy reference subjects (direct method).

However, it is noted in the guideline that:

This approach has been subdivided into a priori and a posteriori selection processes.




Limitations of direct method

‘Health is a relative condition lacking a universal definition. Defining what is considered healthy becomes the initial problem in any
study....”

True randomization to seek a fully representative group requires extensive (and €XPE nsive) planning and implementation

Every selected test result is included in the statistical analysis. This makes Outlier eXCIUSion a Vital part Of the
process

Prevalence of subclinical disease, as well as selection bias associated with relatively small cohorts.

Establishing RIs for dlffel‘ent age grOUpS (eg, pediatric patients and geriatric patients), uncommon sample types (eg, CSF and
aspirations), timed collections, challenge tests, and serial measurements are extremely d|ﬂ:|CU|t.



In light of these difficulties, most laboratories elect not to establish their own RIs, but rather
choose to verify RIs that have been reported by the manufacturer or as established by
another laboratory.

This is a relatively simple study and requires only 20 healthy subjects to recruit. The
underlying assumption here is that the laboratory analytic system is calibrated and
producing similar results as the method that was originally used in the published RIs.

However, this may not be true because in many cases, the details of the reference study
such as its design, the inclusion and exclusion criteria used for selecting the healthy
recruits, preanalytic sources of variation, etc, are lacking.



A laboratory can elect to “transfer” the RIs that were in use with an older method (or from another
laboratory) to a new method.

To do this, the laboratory must first demonstrate that the 2 methods produce comparable results.

It is well known that analytic systems drift over time, and there is no guarantee that the method of today
is producing results that are comparable to those that were produced at the time of the original RI
study.

This technique is the main reason why many laboratories today are using RIls that were established
decades ago and are out-of-date.



Even if a laboratory was able to obtain a rigorously selected statistically sufficient
number of healthy subjects and perform all the necessary testing, the next step would
require statistical analysis of data.

What statistical technique should be used: parametric, transformed parametric,
nonparametric, or many others described?

The judgment in most cases will be made subjectively because there are no clear
guidelines, and the resultant intervals will differ depending on the method used.



Laboratories are often faced with test data that exhibit a multimodal or an asymmetric
distribution. This may reflect a large prevalence of subclinical disease within the
selected population or subgroup-related differences in normal ranges.




Indirect method

Data mining, or “big data”, is the process of using previously generated data to
identify new information.

Using the data for the goal of determining population reference intervals by
indirect techniques is one example of data mining

This is appealing because the data are readily available and will result in time and
cost savings.




In addition to setting reference intervals, data in pathology databases can be

used for:
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Internal quality control

External quality assessment
Reference interval validation
Determining biological variation data
To learn about physiological changes
Relationships between analytes
Effects of interferences
Epidemiological studies



Some studies used data from hospital laboratories and some from outpatient care settings.

However, current guidelines do not endorse these methods as a primary approach for
establishing RIs, mainly out of concern for the fact that most of the data may not come
from reference or healthy subjects.

This position may be justified for test results collected from hospitalized patients but is
guestionable when considering a very large number of results that have been collected in
outpatient settings.

Indeed, there is no disease with prevalence close to 50%.



The reliability of an RI study have a direct relationship with the number of observations
used and method standardization.

Statistically, it is more robust to analyze thousands of measurements that may include
some unhealthy subjects than 120 measurements that are assumed to be from healthy
subjects.

The main problem with most of the reported indirect studies is that they used statistical
analyses designed for a direct sampling technique.

Hoffmann, in his classic JAMA article from 1963, described a technique designed for
indirect estimation of RIs using all available test results from a laboratory’s database.



Indirect method limitations

» A large prevalence of results from hospitalized patients

» A |imited number of observations, especially for subject groups (pediatric or
geriatric patients or rare sample types like synovial fluid)

» | ack of standardization between the methods in use

» \Whether the presence of diseased individuals influences the reference intervals.
This will depend on the nature of the disease state, i.e. clearly separated or
overlapping with the non-disease population, and the relative prevalence in the
population.

This limitation could be minimized by linking laboratories that are operating similar
Instrumentation and methods into peer group—based operational networks.



Number of subjects

®» There is no prescription for the number of samples required; however, “more is
better” to produce robust results.

» |f a data set is composed of nearly all unaffected results and is close to Gaussian,
e.g. serum sodium or calcium in a general practice population, smaller numbers
can provide reliable estimates. If the underlying distribution is skewed or heavily
contaminated, larger numbers are required.

= However, to provide a starting point for further work in this area, 1000 subjects
may be considered a small number and above 10,000 as a large number.



Stability over time

» Before using any data set, it is important to ensure that the analytical method and
the population have been stable over the period of data collection.




Consideration of partitioning

» All data sets should be assessed for the effects of readily determinable cofactors such
as age and sex.

» Analysis against other co-factors such as ethnicity, body mass index (BMI) or alcohol
consumption may be considered, although this information is rarely available in routine
pathology databases.

= The need for partitioning can be assessed by several objective criteria. It is
recommended to partition when the ratio of SD (larger over smaller) between the
subgroups exceed 1.5, or when the Z-statistics between the two subgroup distribution
exceeds.




Exclusions

®» Data sets can be “biochemically filtered” to reduce the frequency of results from
subjects where there is a higher likelihood of disease affecting the result. This can be
based on other results (e.g. exclude thyroxine results where TSH is outside the
reference interval

= An additional recommended approach is to limit results to a single result per patient. As
a diseased patient is more likely to be retested than a non-diseased patient, failure to
do this is likely to lead to overrepresentation of results from unwell subjects.

= When selecting the single result, the last result of a patient during a “healthcare
episode” (e.g. a hospital admission) is preferred as it is most likely to represent a return
towards health.

» Avoid results gathered during epidemics or pandemics



Verification of derived reference intervals

» By analyzing samples from 20 subjects without the predefined condition in the
reference population. The reference intervals is considered verified if two or less
results out of 20 fall outside of the reference intervals that would correspond to a
95% probability.

= By monitoring the percentage of abnormal results (that would be typically flagged
by the Ilaboratory information system) and comparing it with the expected
percentage that may be easily derived from the original indirect study calculations.




