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Abstract

The rise of electronic medical records has led to a proliferation of large observational studies that examine the
perioperative period. In contrast to randomized controlled trials, these studies have the ability to provide quick,
cheap and easily obtainable information on a variety of patients and are reflective of everyday clinical practice.
However, it is important to note that the data used in these studies are often generated for billing or
documentation purposes such as insurance claims or the electronic anesthetic record. The reliance on codes to
define diagnoses in these studies may lead to false inferences or conclusions. Researchers should specify the code
assignment process and be aware of potential error sources when undertaking studies using secondary data
sources. While misclassification may be a short-coming of using large databases, it does not prevent their use in
conducting meaningful effectiveness research that has direct consequences on medical decision making.

Background
The rise of electronic medical records has led to a prolif-
eration of large observational studies that examine the
perioperative period. In contrast to randomized con-
trolled trials (RCTs), these studies have the ability to
provide quick, cheap and easily obtainable information
on a variety of patients and are reflective of everyday
clinical practice. Additionally these databases, with their
large sample sizes, allow us to study rare but serious
conditions such as reintubation that are difficult to de-
tect in RCTs. However, it is important to note that the
data used in these studies are often generated for billing
or documentation purposes such as insurance claims or
the electronic anesthetic record. In other words, it is
“found data” or data which is not collected primarily for
research. This renders the results of these studies sus-
ceptible to issues and biases not faced when dealing with
traditional randomized controlled trials.
The study by Thomas et al. recently published in BMC

Anesthesiology [1] highlights one of these concerns, that
is misclassification or measurement error. In their study,
the authors examined trends in the International Classi-
fication of Diseases 9th edition (ICD-9) coding of sepsis
and compared it to trends in clinically defined sepsis at

a single tertiary center. They discovered an increase in
the medical coding of sepsis over time that was not ac-
companied by a concomitant increase in clinically de-
fined sepsis. This work highlights the caution that must
be taken when using administrative databases to study
disease trends and outcomes but also has several limita-
tions that should be considered when determining its
implications.

Main text
Nosology refers to the discipline of the systematic classi-
fication of diseases. While the field has ancient roots, its
introduction into Western society was made by Thomas
Syndenham during the 17th century [2]. The importance
of nosology has continued to increase over time and the
field has become particularly relevant as technology con-
tinues to play a more prominent role in the delivery of
healthcare. ICD-9 codes are perhaps the most commonly
used classification scheme in perioperative epidemiologic
research. The generation of these codes is undoubtedly
susceptible to error at several different points along the
path from patient admission to the inclusion into a data-
base [3]. The concern is that if researchers subsequently
use these codes that are prone to error in studies, then
false conclusions may be made.
It has been suggested that validation studies be rou-

tinely performed to understand the accuracy of specific
ICD-9 codes before using them in an analysis [4]. This
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type of study involves the comparison of administrative
codes to data abstracted from chart review. The work of
Thomas et al. [1], falls short of invalidating codes for
sepsis since the authors did not investigate the accuracy
of coding but rather looked at their use over time. Thus,
it is unclear what is responsible for the discrepancy that
they discovered and it could be that coding for sepsis be-
came more accurate over time.
Validation studies are not a panacea for misclassifica-

tion bias. First, validation studies are usually undertaken
at a single center since large national databases are
typically de-identified. It is plausible and likely that
coding practices differ across institutions as the coders
undoubtedly have varying levels of training/experience
between centers. Thus the generalizability of validation
studies is unclear. The issue becomes murkier when
considering diseases that do not have strict diagnostic
criteria such as acquired muscle weakness in the
intensive care unit [5], which creates variation amongst
clinician documentation as well.
There are no set criteria or cut-offs in defining accept-

able accuracy of a particular code for use in a study. The
validity of a specific code can be described in terms of
its specificity, sensitivity, negative predictive value and
positive predictive value. Which of these measures is
most important can depend on the question that is being
asked of the data. Finally some would argue that the
level of accuracy is less important than the pattern of
error. If there is random or non-differential misclassifi-
cation than it has been traditionally argued that this
would bias estimates towards the null, although this no-
tion has been challenged [6].

Conclusion
While misclassification is a threat to the validity of a
study, it is not a sufficient reason to dismiss observa-
tional research using administrative datasets. To do so,
would be to lose a major opportunity to gain insights
into how to make healthcare delivery more efficient and
safer. Rather, misclassification should be viewed as sim-
ply a source of potential bias that must be considered
when interpreting the results of these studies. Although
validation studies may provide insight into the accuracy
of some codes, it is neither practical nor possible to per-
form validity studies on every single ICD-9 code used in
a particular investigation. One potential solution is to
perform sensitivity analyses to determine how sensitive
effect estimates are to misclassification [7].
The practice of evidence-based medicine is the applica-

tion of the best available knowledge. This entails systemat-
ically identifying and evaluating appropriate literature, and
integrating it with clinical expertise [8]. The traditional
view of the evidence-based pyramid ranks evidence from
the top (meta-analyses of well performed RCTs) to the

bottom (expert opinion). However, each type of evidence
has a unique set of benefits and disadvantages [9]. In prac-
tice, there is no perfect defense against misclassification
and like any type of study design, repeated investigations
of the same question using a variety of databases and
analytic techniques is likely the best way to obtain causal
inference.
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