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Laboratory testing is an important 
clinical act with a valuable role in 
screening, diagnosis, management 
and monitoring of diseases or 
therapies. Thirty percent of patient 
contacts in primary care result 
in ordering of laboratory tests 
and there has been a continuous 
increase in the use of laboratory 
tests over the last decade (1,2). In 
2017, laboratory testing represented 
over 5% of the national healthcare 
budget, amounting to more than € 1.3 
million (3). However, many laboratory 
tests are ordered inappropriately, 
which means that the tests were 
not correctly used and not of added 
value to the patient (4,5). 

Inappropriate testing is harmful 
because it burdens the healthcare 
budget, leaving it with less resources 
to fund new and innovative 
interventions (6). Inappropriate 
testing may also cause more 
false-positive results or abnormal 
results of unknown significance. 
These results can cause anxiety, 
generate additional or repeat 

testing, procedures, or treatments, 
creating further downstream costs 
(7). Despite some incidental findings, 
inappropriate testing in general 
negatively influences quality of care.

Many factors drive inappropriate 
testing by physicians, such as 
the increasing availability of 
laboratory tests, lack of knowledge 
of indications and tests, and high 
expectations of patients (2). An 
important barrier to reducing 
inappropriate testing is the fear of 
diagnostic error. Diagnostic error 
is the delayed, missed or wrong 
diagnosing of a patient. Sometimes 
physicians fear that by ordering less 
tests, they may miss diagnoses and 
fear liability claims.Thirty percent of patient contacts 

in primary care result in ordering of 
laboratory tests. 
 
http://www.elmostudy.be

Background
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Rationale

Several strategies have been implemented 
to reduce inappropriate laboratory testing 
such as the development of clinical practice 
guidelines, providing physicians with feedback 
on their test ordering behavior and changing 
reimbursement rules, however with little 
effect. Clinical decision support systems 
(CDSS) appear to be effective in improving 
appropriateness and influencing the number 
of ordered laboratory tests (8,9). Very little is 
known on the influence of CDSS on diagnostic 
error or downstream testing.

Objectives

The aim of this study was to investigate the 
influence of CDSS on appropriateness and 
volume of laboratory testing, on diagnostic 
error and on downstream activities.

 

Definitions

For this report, it is important to understand 
the test ordering process. A laboratory test 
panel is a collection of tests ordered by a 
physician for a specific patient. This panel 
includes all the tests ordered for one patient 
on a specific moment in time. There is at least 
one indication for ordering the panel, but in 
general there are multiple indications.

Intervention

Physicians increasingly move away from 
paper-based laboratory test ordering towards 
the use computerized laboratory test ordering 
systems (also called computerized physician 
order entry or CPOE). This has created 
opportunities for CDSS that guide physicians 
in laboratory test ordering at the point of care. 
We translated existing evidence-based clinical 
practice guidelines on laboratory test ordering 
into order sets. Order sets are clusters of tests 
that are appropriate for a specific indication or 
clinical scenario. 

In our study, we developed order sets for 17 
different indications, presented in more than 
40 different clinical scenarios. Rather than 
ordering individual tests, physicians were 
urged to indicate the clinical scenarios which 
then triggered the ordering of a cluster of 
tests. Physicians were free to add or delete 
any tests from this cluster depending on their 
clinical experience or the patient’s preferences.

In our study, we developed order sets for 17 different indications, 
presented in more than 40 different clinical scenarios. Rather 
than ordering individual tests, physicians were urged to indicate 
the clinical scenarios which then triggered the ordering of a 
cluster of tests.

Rationale, definitions  
& intervention

PCP 1

GP 2

Patient 2

Panel 1

Tests

Test 1

Test 2

Test 3

Indication 1

Indication 2

Indications

Panel 2

Patient 1

GP 1
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We evaluated the effect of CDSS on four different outcomes: appropriateness 
of laboratory testing, volume of laboratory testing, diagnostic error and 
downstream activities.

If clinical practice guidelines recommended a test for a specific indication, 
then the test was considered appropriate for this indication. Other tests, not 
recommended by these guidelines, ordered for the same indication were 
considered inappropriate.

We evaluated volume of laboratory testing as the average number of tests 
per panel.

Diagnostic error was restricted to diagnoses that were delayed, more 
specifically, diagnoses that could have been made at the time of the 
laboratory panel order if other tests had been ordered.

We evaluated downstream activities as those additional tests, investigations 
or referrals that happened as a result of the laboratory tests. We also 
included new treatments or treatment changes as a downstream activity.

Study design 

Our study was a cluster 
randomized controlled trial 
conducted in Belgian general 
practice. 

We evaluated a CDSS aimed at 
laboratory test ordering for 17 
different indications.

Outcomes

• General check-up

• Cardiovascular disease screening or monitoring

• Hypertension

• Type 2 diabetes mellitus

• Chronic kidney disease

• Liver disease

• Thyroid disease

• Anemia

• Fatigue

• Sexually transmitted infections

• Gout

• Rheumatoid arthritis

• Follow-up of medication treatment

• Suspicion of acute coronary syndrome

• Suspicion of lung embolism

• Acute diarrhea

• Chronic diarrhea

Study design, outcomes & participants
We evaluated the effect of CDSS on four different outcomes: appropriateness 
of laboratory testing, volume of laboratory testing, diagnostic error and 
downstream activities.



7Report

Three laboratories participated 
in this study. Algemeen 
Medisch Laboratorium (AML), 
Medisch Centrum Huisartsen 
(MCH) Leuven and Anacura 
implemented the intervention 
in their CPOEs.

Participating 
laboratories

They recruited physicians from 
their client base to participate 
in the study.

CDSS arm Control arm Total

Number of GPs 135  (49.63%) 137 (50.37%) 272

Age (years, SD) 41 (13.59) 41 (13.27)

Experience (years, SD) 14 (18.81) 15 (19.40)

Female (%) 65.00% 62.14%

Number of PCPs 36 (50%) 36 (50.00%) 72

AML 19 (52.78%) 20 (55.56%) 39

Anacura 5 (13.89%) 3 (8.33%) 8

MCH 12 (33.33%) 13 (36.31%) 25

Participating physicians
280 physicians distributed across 72 different PCPs participated in the study.
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The study

The study started on 1 December 2017. Physicians included 
patients throughout a 6-month period and they were followed 
for an additional 6 months. 

In total 9683 patients and 10 270 laboratory panels were 
included in the study. 

At the end of the study, data on laboratory test ordering, 
diagnostic error and downstream activities was collected.
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Results
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Patient Characteristics
CDSS arm Control arm Total

Number patients 5124 (52.92%) 4559 (47.08%) 9683

Age (years, SD) 58.33 (17.04) 54.34 (17.61) 56.45 (17.42)

Female sex (N,%) 2774 (54.00%) 2578 (56.00%) 5352 (55.10%)

Number of panels 5495 (53.51%) 4775 (46.49%) 10 270

For indication check-up 1722 (31.34%) 1936 (40.54%) 3658 (35.62%)

For indication 
cardiovascular disease 
management

1381 (25.13%) 585 (12.25%) 1966 (19.14%)

For indication 
hypertension 889 (16.18%) 478 (10.01%) 1367 (13.31%)

For indication chronic 
kidney disease 587 (10.68%) 168 (3.52%) 755 (7.35%)

For indication type 2 
diabetes 2160 (39.31%) 953 (19.96%) 3113 (30.31%)

For indication thyroid 
disease 1164 (21.18%) 576 (12.06%) 1740 (16.94%)

For indication sexually 
transmitted infections 248 (4.51%) 336 (7.04%) 584 (5.69%)

For indication chronic 
diarrhea 23 (0.42%) 42 (0.88%) 65 (0.63%)

For indication acute 
diarrhea 12 (0.22%) 19 (0.40%) 31 (0.30%)

For indication acute 
coronary syndrome 34 (0.62%) 21 (0.44%) 55 (0.54%)

For indication lung 
embolism 22 (0.40%) 15 (0.31%) 37 (0.36%)

For indication rheumatoid 
arthritis 126 (2.29%) 105 (2.20%) 231 (2.25%)

For indication medication 
follow-up 798 (14.52%) 374 (7.83%) 1172 (11.41%)

For indication gout 170 (3.09%) 39 (0.82%) 209 (2.04%)

For indication liver disease 416 (7.57%) 157 (3.29%) 573 (5.58%)

For indication anemia 728 (13.25%) 395 (8.27%) 1123 (10.93%)

For indication fatigue 606 (11.03%) 520 (10.89%) 1126 (10.96%)

For indication other 434 (7.90%) 621 (13.01%) 1055 (10.27%)
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Appropriateness, test volume, diagnostic error

Appropriateness
 
Laboratory tests ordered for 
patients in the CDSS arm were 
more often appropriate than those 
ordered for patients in the control 
arm. 

Appropriateness of laboratory test 
ordering was 0.38 (95% CI 0.34-0.41) 
in the control arm and 0.58 (95% CI 
0.55-0.62) in the CDSS arm. 

There was an absolute difference in 
the proportion of appropriate tests 
of 0.19 (95% CI 0.11-0.28, p<.0001) for 
all tests included in the study.

For the panels that did not include 
any tests ordered for an indication 
other than one or more of the 17 
study indications, the results were 
almost identical.

Diagnostic error
 
There was no difference between 
the CDSS and control group in 
proportion of patients with a 
possible diagnostic error. 

In the control arm 3.04% (95% CI 
2.48%-3.61%) of the patients had a 
possible diagnostic error and 2.40% 
(95% CI 2.00%-2.80%) of the patients 
in the CDSS arm. 

The absolute difference was a 
decrease of 0.66% (95% CI 1.4% 
decrease – 0.05% increase) in 
possible diagnostic error.

Laboratory test volume
 
During the study period, CDSS significantly reduced the 
number of tests per panel. GPs in the CDSS arm ordered 24 
(24.02 (95% CI 21.50-26.54)) tests per panel whereas the GPs 
in the control arm ordered 31 (31.17 (95% CI 28.35-33.99)) tests 
per panel. This resulted in an absolute decrease of 7 (7.15 
(95% CI 3.37-10.93, p=.0002)) tests per panel.
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Downstream activities
 
For the majority of the patients the laboratory exam did not result in any 
downstream investigation or treatment change. Still, 19,7% of the initial laboratory 
exams resulted in additional investigations, mostly extra laboratory testing and 
referrals to specialist doctors and other health care providers. Likewise, 19% of 
the laboratory tests resulted in a change of the patient’s treatment plan, mostly 
starting a drug treatment.

CDSS Control ARR 95% CI

Laboratory panels 5495 4775

Downstream investigations

Extra Labs 808 (14,7%) 691 (14,5%) -0.024 (-0.049-0.045)

Imaging 111 (2,0%) 137 (2,9%) 0.008 (0.001-0.015)

Functional Tests 26 (0,5%) 44 (0,9%) 0.004 (0.000-0.008)

Referral 290 (5,3%) 359 (7,5%) 0.022 (0.008-0.037)

Treatment changes

Treatment changes 890 (16,2%) 1060 0.06 (0.03-0.09)

Start medication 624 (11,4%) 769 0.047 (0.02-0.08)
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Discussion
To our knowledge, the ELMO Study 
was the first study of this size 
to study the effects of CDSS on 
laboratory test ordering in primary 
care. We demonstrated that a 
CDSS for 17 common indications 
for laboratory test ordering largely 
improved appropriateness, reduced 
volume and did not influence 
diagnostic error. 

We observed that the effect on 
appropriateness was largest for less 
common indications such as the 
management of acute or chronic 
diarrhea, diagnosis and management 
of rheumatoid arthritis but also for 
some more common indications 
such as the diagnosis of fatigue 
and the management of chronic 
kidney disease. CDSS increased 
appropriateness for general check-up 
with 6%, but this represented 
almost half of the increase in 
appropriateness in the composite 
outcome which can be explained by 
the high number of laboratory panels 
ordered for this indication in primary 
care.

As in other studies on diagnostic 
error in primary care, incidences 
were low in our study (10,11). 
Diagnostic error related to laboratory 
testing has been estimated at 
around 0.1 to 3% (12), which was 
confirmed in our study. Previous 
studies on CDSS for improving 
laboratory test ordering behavior of 
physicians have focused on volume 

or appropriateness, but our study 
is the first to include diagnostic 
error. This is an important finding, 
because for physicians, an important 
barrier to improving appropriateness 
and reducing volume of laboratory 
testing is fear of diagnostic error. 
Our finding, that CDSS does not 
significantly influence diagnostic 
error, should reassure physicians that 
the use of CDSS for improving quality 
and decreasing volume of laboratory 
testing is safe.

We observed that CDSS slightly 
reduced downstream activities, with 
the largest effect on downstream 
referrals. We also observed a larger 
reduction on treatment changes 
in the CDSS arm. Albeit that most 
of these effects were statistically 
significant, this study was not 
designed to evaluate this effect, 
hence these observations must be 
evaluated with caution. Nevertheless, 
to our knowledge this is the first 
study of this size to have examined 
downstream activities and treatment 
changes after initial laboratory 
testing. 

Generalizability
Our study observed a large absolute 
effect on appropriateness of 
laboratory testing. An important 
explanation for this large effect 
may be the high number of tests 
per panel ordered in Belgian 
primary care. Studies have shown 
expenditures in laboratory testing 
to be amongst the highest in Europe 

(3). A Dutch study (13) showed that 
GPs ordered between 5 and 7 tests 
per panel, whereas in our study 
this was much higher. This higher 
baseline laboratory test volume may 
mean that the effects witnessed in 
our study by the CDSS may not be 
applicable to settings with lower 
volumes.

Limitations
Our study has several limitations. 
A first limitation is that the 
appropriateness of laboratory tests 
is based on the indications reported 
by the GP during the laboratory test 
ordering process. Many persons have 
multiple conditions and it is possible 
that suboptimal documentation of 
indications may have influenced 
absolute levels of appropriateness. 
The difference in proportions, 
however should be independent 
of this possible bias due to the 
randomization.

A second limitation is that we 
study the effects of our CDSS for 17 
common indications in primary care, 
and although this is already very 
comprehensive, it is not exhaustive. 
Previous studies have suggested 
that inappropriateness is even more 
prevalent for more rare indications 
and tests which are not frequently 
ordered.

Discussion, Limitations & Conclusions
What was already known • CDSS has shown to reduce volume of laboratory 
testing. Appropriateness of laboratory testing improved with CDSS, but often 
the focus of the CDSS was limited to one or two conditions.
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Conclusions
Our study demonstrated that CDSS 
improved appropriateness and 
decreased volume of laboratory 
test ordering. The magnitude of the 
effect may have been influenced by 
high baseline rates of laboratory 
test ordering and differences in 
patient characteristics between 
arms, but the direction of the effect 
remained robust across sensitivity 
analyses. We demonstrated that 
CDSS improves appropriateness of 
laboratory test ordering for less 
frequent indications, that are prone 
to misuse of tests, but also for 
common indications which are prone 
to over-utilization of tests. Further 
research is needed to evaluate the 
effects over longer periods of time, 
including interventions to improve 
the sustainability of these effects. 
In addition, research is needed to 
evaluate whether systems with a 
more complex design and more fully 
integrated in care processes can 
have a similar effect.

What this study adds
CDSS in the form of order sets significantly improved 
appropriateness of laboratory test ordering and decreased 
laboratory test volume / There was no increase in diagnostic error 
with the use of CDSS for laboratory test ordering / There appeared 
to be less downstream activities when using CDSS for laboratory 
test ordering
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