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Abstract

Background: Knowledge of possible drug-laboratory test
interactions (DLTIs) is important for the interpretation
of laboratory test results. Test results may be affected by
physiological or analytical drug effects. Failure to recog-
nize these interactions may lead to misinterpretation of
test results, a delayed or erroneous diagnosis or unneces-
sary extra tests or therapy, which may harm patients.

Content: Thousands of interactions have been reported in
the literature, but are often fragmentarily described and
some papers even reported contradictory findings. How can
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healthcare professionals become aware of all these possi-
ble interactions in their individual patients? DLTI decision
support applications could be a good solution. In a litera-
ture search, only four relevant studies have been found
on DLTI decision support applications in clinical practice.
These studies show a potential benefit of automated DLTI
messages to physicians for the interpretation of laboratory
test results. All physicians reported that part of the DLTI
messages were useful. In one study, 74% of physicians even
sometimes refrained from further additional examination.
Summary and outlook: Unrecognized DLTIs potentially
cause diagnostic errors in a large number of patients.
Therefore, efforts to avoid these errors, for example with
a DLTI decision support application, could tremendously
improve patient outcome.
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Introduction

Diagnostic tests, such as laboratory analysis of body
fluids, represent an important part of today’s healthcare.
The use of diagnostics is expanding and tests are becom-
ing increasingly complex. Therefore, diagnostic test inter-
pretation is becoming more complicated, especially for
non-laboratory professionals [1].

A common source of diagnostic error is the lack of
knowledge of the presence of drug-laboratory test inter-
actions (DLTIs). Misinterpretation of test results may lead
to an erroneous diagnosis, unnecessary extra diagnostic
tests, therapy or follow-up.

There are two main categories of DLTIs: physiological
and analytical interactions. Physiological interactions are
in vivo processes, in which drugs affect patients’ labora-
tory test results. Test results may reveal an intended or
unintended effect of a drug. Intended effects of drugs will
generally not result in diagnostic misinterpretation, for
example, an elevation in free thyroxin levels due to levo-
thyroxine treatment. However, unintended effect of drugs
often can lead to diagnostic confusion. A clear example of
an unintended effect of drugs is an elevated level of chro-
mogranin A by the frequently prescribed proton pump
inhibitors (PPIs). An elevated level of chromogranin A can
be indicative of the activity of a neuroendocrine tumor.
Case reports describe expensive imaging with no abnor-
malities and a normalized chromogranin A level after the
discontinuation of the PPI [2]. This example illustrates
that unnecessary discomfort and expenditure could have
been avoided if this unintended physiological interaction
had been recognized promptly.

Analytical interactions are in vitro processes. In
these cases, the interactions between drugs and labora-
tory tests disturb the analytical process, which may have
an important negative clinical impact, as affected labo-
ratory test results may not reflect the clinical situation
of the patient. These analytical interactions should be
avoided by using an alternative assay, or erroneous test
interpretations should be eliminated by warning systems.
An extreme example of the danger of an analytical drug-
test interaction is an erroneously high glucose level that
can occur in continuous ambulatory peritoneal dialysis
(CAPD) patients, because some glucose test strips cannot
distinguish glucose from other sugars (e.g. icodextrin
or maltose) that can be present in CAPD fluid [3]. The
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improper administration of insulin has resulted in fatal
consequences in a number of these cases [4].

Impact of DLTI in clinical practice

The number of DLTIs described in the literature is sub-
stantial, approximately 50,000 [5].

Therefore, the application of a knowledge-based elec-
tronic expert system with DLTI information seems nec-
essary. An expert system may send automatic messages
about interactions based on algorithms, which use data
from pharmacy and laboratory data systems.

To build DLTI algorithms, relevant information about
interactions is conditional. Information about DLTI can
be found in the literature, but is often fragmentarily
described and sometimes even contradictory effects are
reported, i.e. the effect of a drug on a laboratory test may
result in either an increase or decrease of measured values
[6]. Therefore, several DLTI databases have been intro-
duced to provide an overview of interactions and the cor-
responding available literature [7-10].

In a literature review [11], only four studies were found
about automated DLTI decision support in clinical practice
[12-15]. The added value of the system was evaluated with
extensive surveys among physicians receiving DLTI mes-
sages in two studies [12, 13] and a retrospective evaluation
of patient reports by an expert panel in one study [13].

The studies have shown a high prevalence of DLTIs in
hospitalized patients (up to 43% of all patients, depend-
ing on the ward [12] and up to 11% of endocrinological test
results [13]).

Apart from the prevalence of DLTIs, another impor-
tant issue that was examined in the studies was the clini-
cal usefulness of the interaction messages. In one study,
the medical staff reported 30% of the messages to be
useful and in 4% of cases their medical policy changed
because of the DLTI message [12]. In another study, all the
physicians considered the DLTI messages to be useful and
74% of the physicians reported to sometimes refrain from
additional further examinations as a consequence of DLTI
‘reminders’ [13].

Discussion

The existing literature shows a high prevalence of DLTIs in
a variable range of laboratory tests and drugs. However, it
is likely that the prevalence of DLTIs is even higher, as the
interactions are not systematically examined or reported.
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Studies have shown the added value of automated
decision support applications to alert healthcare pro-
fessionals on possible DLTIs. The effectiveness of such
a system increases when a refined set of clinical rules is
determined in cooperation with healthcare professionals
who use the system [12, 13]. These refined clinical rules are
needed to prevent excessive numbers of DLTI messages
and consequently the so-called ‘alert fatigue’ of physi-
cians [16].

Although the benefit of DLTI decision support was
already shown in the past, it is not widely implemented
today. To implement a DLTI decision support tool, interop-
erability of a laboratory information system, an electronic
patient record and a decision support application are
crucial. The interoperability of information technology
(IT)-systems is not yet realized in many laboratories and
hospitals. To implement such an IT-system, an intensive
cooperation between medical IT-specialists, laboratory
specialists, pharmacists and physicians is needed.

DLTIs could potentially disturb the diagnostic process
in a large number of patients, as many patients receive
drugs and thousands of laboratory test results are pro-
duced in each hospital every day. Further research is
needed to better estimate the prevalence and impact of
DLTIs in daily practice. Decision support applications
probably improve DLTI recognition by healthcare profes-
sionals. These DLTI decision support tools could prevent
diagnostic errors and consequently improve diagnosis
and treatment of patients.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: Quality Foundation of the Dutch
Medical Specialists (SKMS), Grant Number: 42678870.
Employment or leadership: None declared.

Honorarium: None declared.

Competing interests: The funding organization(s) played
no role in the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the
decision to submit the report for publication.

van Balveren et al.: Diagnostic error as a result of drug-laboratory test interactions = 71

References

1. Whiting PF, Davenport C, Jameson C, Burke M, Sterne JA,

Hyde C, et al. How well do health professionals interpret
diagnostic information? A systematic review. BMJ Open
2015;5:1-8.

2. Vlasveld LT, van 't Wout J, Castel A. False elevation of chromogra-
nin A due to proton pump inhibitors. Neth ) Med 2011;69:207.

3. Perera NJ, Stewart PM, Williams PF, Chua EL, Yue DK, Twigg
SM. The danger of using inappropriate point-of-care glu-
cose meters in patients on icodextrin dialysis. Diabet Med
2011;28:1272-6.

4. FDA. Public health notification: potentially fatal errors with
GDH-PQQ glucose monitoring technology, 2009. Available at:
http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/
PublicHealthNotifications/ucm176992.html.

5. Young DS. Effects of drugs on clinical laboratory tests, 5th ed.
Washington: American Association of Clinical Chemistry, 2000.

6. Geerts AF, De Koning FH, Egberts TC, De Smet PA, Van Solinge
WW. Information comparison of the effects of drugs on labora-
tory tests in drug labels and Young’s book. Clin Chem Lab Med
2012;50:1765-8.

7. AACC database: effects on clinical laboratory tests. Available at:
http://clinfx.wiley.com/aaccweb/aacc/.

8. Tryding N. Drug Effects in Clinical Chemistry. Available at:
http://www.tryding.se/.

9. Multirec Drug Laboratory Effects database. Available at:
http://www.multirec.fi/products/mr-dle/.

10. First DataBank MedKnowledge. Available at: http://www.
fdbhealth.com/fdb-medknowledge/.

11. van Balveren JA, Verboeket-van de Venne W, Erdem-Eraslan L,
de Graaf AJ, Loot AE, Musson RE, et al. Impact of interactions
between drugs and laboratory test results on diagnostic test
interpretation — a systematic review. Clin Chem Lab Med
2018;56:2004-9.

12. Friedman RB, Young DS, Beatty ES. Automated monitoring of
drug-test interactions. Clin Pharmacol Ther 1978;24:16-21.

13. Kailajarvi M, Takala T, Gronroos P, Tryding N, Viikari J, Irjala K,
et al. Reminders of drug effects on laboratory test results. Clin
Chem 2000;46:1395-400.

14. Groves WE, Gajewski WH. Use of a clinical laboratory computer
to warn of possible drug interference with test results. Comput
Programs Biomed 1978;8:275-82.

15. McNeely MD. Computerized interpretation of laboratory tests:
an overview of systems, basic principles and logic techniques.
Clin Biochem 1983;16:141-6.

16. van der Sijs H, Aarts ], Vulto A, Berg M. Overriding of drug safety
alerts in computerized physician order entry. ] Am Med Inform
Assoc 2006;13:138-47.

Unauthenticated
Download Date | 3/14/19 8:33 AM



