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ABSTRACT

Objective To estimate the rate and type of downstream
activities (DAs) after laboratory testing in primary care,
with a specific focus on check-up laboratory panels, and
to explore the effect of a clinical decision support system
(CDSS) for laboratory ordering on these DAs.

Design Cluster randomised clinical trial.

Setting 72 primary care practices in Belgium, with 272
general practitioners (GPs), randomly assigned to the
intervention arm or the control arm.

Participants The study included 10 270 lab panels

from 9683 primary care patients (women 55.1%, mean
age 56.5). All adult patients who consulted one of the
participating GPs during the trial period and needed a
laboratory exam were eligible for participation.
Interventions GPs in the intervention group used a CDSS
integrated into their online laboratory ordering system,
while GPs in the control arm used their lab ordering
system as usual. The trial duration was 6 months, with
another 6 months follow-up.

Main outcome measures This publication reports on the
exploratory outcome of DAs after an initial laboratory exam
and the effect of the CDSS on these DAs.

Results 19.7% of all laboratory panels resulted in further
diagnostic procedures (95% Cl 18.9% to 20.5%) and 19%
(95% Cl 18.2% to 19.7%) in treatment changes. Check-up
laboratory exams showed similar rates of DAs, with 17.5%
(95% Cl 13.8% to 21.2%) diagnostic DAs and 18.9% (95%
Cl 13.9% to 23.9%) treatment changes. Using the CDSS
resulted in a significant reduction in downstream referrals
(—2.4%; 95% Cl —4.2% to —0.6%; p=0008), imaging and
endoscopies (—=0.9%; 95% Cl —1.6% to —0.1%; p=0026)
and treatment changes (—5.4%; 95% Cl —9.5% to —1.2%;
p=0.01).

Conclusion This is the largest study so far to examine
DAs after laboratory testing. It shows that almost one

in three laboratory exams leads to further DAs, even in
check-up panels. Using a CDSS for laboratory orders may
reduce the rate of some DAs.

Trial registration number NCT02950142.
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Strengths and limitations of this study

» A large database on downstream activities after
laboratory testing in the real life setting of general
practice.

» The strong design of an RCT to evaluate the late ef-
fects on downstream activities of a clinical decision
support system for laboratory ordering.

» Possible recollection and attribution bias because
data were collected 6 months or more after the ini-
tial inclusion.

» Post hoc analysis, without predefined thresholds for
which effects would be clinically significant.

INTRODUCTION

Downstream activities (DAs) are those
medical procedures that occur due to an
initial abnormal or unexpected test result.
They cover a wide range, from additional
laboratory tests, imaging, endoscopies and
other medical investigations, over referrals,
to starting, stopping or changing treatment.
In general practice, laboratory tests are,
apart from physical examination, the most
frequently performed tests' and might be an
essential trigger for further DAs.

DAs are part of the diagnostic and thera-
peutic process and should ideally lead the
general practitioner (GP) to the correct diag-
nosis and appropriate treatment. However,
additional investigations or therapeutic inter-
ventions inherently carry some risks: they may
be uncomfortable or painful, there may be a
(low) risk of severe complications, and they
may lead to anxiety during the diagnostic
process and beyond. In addition, they require
a patient’s time and resources and always put
a burden on healthcare expenditures. Finally,
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each new investigation may result in another unexpected
result or reveal abnormalities with unclear clinical signif-
icance (incidental findings), increase diagnostic uncer-
tainty and start a cascade of further investigations and
therapeutic interventions, often with unknown added
value, the so-called Ulysses syndrome.*”

Not all lab tests are necessary or appropriate for
the indication they are ordered for, and the value of
abnormal results of such tests may be questionable. More-
over, inappropriate overuse of lab tests increases the risk
of false positive results considerably.” DAs triggered by
false-positive results threaten the quality of care because
they never result in health benefits, always come with a
financial cost, and sometimes cause discomfort, anxiety
or complications.”” This is especially true in ‘general’
laboratory panels for ‘health check-ups’. Performing
health check-ups in otherwise healthy adults is wide-
spread despite the lack of evidence on its effectiveness.
A recent systematic review confirmed the findings of the
2019 Cochrane Review that it is unlikely that periodic
health check-ups would be beneficial in terms of mortality
or morbidity, despite improved intermediate procedural
outcomes, like higher uptake of some preventive services
and better management of some risk factors." '*

This so-called ‘low-value care’ has been brought to
attention since the beginning of the 2lst century by
initiatives like ‘too much medicine’, ‘less is more’ and
‘choosing wisely’." '* There is an increasing interest in
primary care research on low-value testing and associated
DA, 7915

However, data are scarce on the type of follow-up activi-
ties, how frequent they occur, and whether specific patient
or laboratory panel characteristics make them more plau-
sible. Moreover, almost no research exists on interven-
tions to reduce unnecessary DAs.'® However, withholding
further follow-up after an abnormal laboratory test goes
against good medical practice and feels unethical. Once
the initial tests are performed and bring abnormal results,
further cascade activities are unavoidable. Therefore, it is
preferable to reduce avoidable triggers of these cascades,
such as redundant or inappropriate laboratory tests,
which was precisely the main objective of the Electronic
Laboratory Medicine Ordering (ELMO) study. This study
was a cluster randomised clinical trial that introduced a
clinical decision support system (CDSS) for online labora-
tory test ordering in primary care. Using the CDSS signifi-
cantly reduced the proportion of inappropriate tests and
the number of tests per lab panel during the study period.
Meanwhile, the intervention did not increase the risk for
diagnostic error.'” The ELMO study included effects on
subsequent DAs as an exploratory outcome and provided
us with an extensive database and an opportunity to gain
insight into this phenomenon.'

RESEARCH QUESTION

We present two exploratory research questions. First, how
often and which DAs do GPs undertake after an initial

laboratory exam, especially after laboratory exams for
a health check-up? Second, what could be the effect of
a CDSS in laboratory test ordering on DAs, for all lab
panels and for a subgroup of lab panels ordered for a
check-up only?

METHOD

Setting, intervention and data collection

This is a post hoc exploratory analysis of a subset of data
of the ELMO study, a cluster randomised clinical trial,
in which 72 primary care practices (PCPs) with 272 GPs,
in Flanders (Belgium), were randomly assigned to an
intervention or control arm. The methods of this study
have been reported previously17 '® and can be consulted
in online supplemental appendix 1. We also briefly
summarise them here.

GPs recruited adult patients who needed laboratory
testing for at least 1 of the 17 study indications. In the
intervention arm, GPs used a CDSS integrated into their
online laboratory ordering system. First, GPs selected the
indications for which they wanted to have their patient
tested. Then the CDSS suggested order sets with appro-
priate lab tests for each selected indication. The study
indications are common reasons for laboratory testing
in primary care, like anaemia, fatigue or diabetes. Some
of the predefined indications had sub-indications, for
example, for diabetes, GPs could specify whether it
was for screening, 3-monthly or annual follow-up. (We
provide an overview of all study indications and termi-
nology in online supplemental appendix 2). GPs could
order tests for multiple indications in one laboratory
panel and were free to add or remove laboratory tests at
will from the proposed order sets. Thus, a single patient
encounter results in one laboratory panel, containing
all tests ordered during that encounter, for one or more
indications.

In the control arm, GPs used their online laboratory
ordering system as usual, without the integrated CDSS,
and specified for which of the 17 indications they ordered
the laboratory exam.

The trial included a 6-month intervention period and a
6-month follow-up period.

For each included laboratory panel GPs were asked
6 months later to send an electronic case report form
(eCRF) through a secured data system to a trusted third
party with information about DAs and new diagnoses in
the 6 months following the initial laboratory panel. The
eCRF automatically retrieved all new diagnoses from
the patient’s electronic health record (EHR), and the
GPs manually added whether they ordered any further
laboratory exams, other investigations or referrals due to
abnormalities in the laboratory result or if they changed
anything to the patient’s treatment plan due to the results
of the laboratory tests. We encouraged GPs to interpret
treatment changes broadly, including iron or vitamin
supplements, dietary advice, drug treatment.
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After pseudonymising by the trusted third party, this
information was linked to the data of the initial labora-
tory order, allowing the researchers to investigate any
effect or relationship between the laboratory panel and
DAs. The researchers were blinded for the allocation of
each patient until all data were collected and processed.

Outcomes

We checked for all lab panels (the set of lab tests ordered
during one patient encounter) whether or not they
resulted in DAs.

We calculated the overall proportions of lab panels with
DAs and distinguished two different categories of DAs.
Diagnostic DAs (DDAs) are DAs with a diagnostic purpose
(additional labs, imaging, endoscopies, functional tests
and referrals) and therapeutic DAs (TDAs) are those with
a therapeutic purpose (changes in the patient’s treatment
plan).

For the analysis of the subgroup ‘check-up panels’, we
defined a subgroup of lab panels that had ‘check-up’ as
the only indication and compared those to panels having
one or more other indications but not ‘check-up’.

Patient and public involvement
Patients or the public were not involved in the design or
conduct of this study.

Statistical analysis

We estimated overall proportions of panels with DAs
and proportions in both study arms, using a generalised
estimating equation with the PCP as the clustering vari-
able and allocated group as a factor. Given the known
age differences between allocated groups, we also added
patient age as a factor in the model. We performed these
analyses on the full dataset and on a subset of lab panels
with ‘check-up’ as the only indication.

We calculated all proportions and differences together
with their 95% Cls. Statistical significance was assessed at
a significance level of 5%.

Sample sizes were calculated for the primary outcomes
of this randomized clincial trial (RCT).18 Therefore,
we do not provide post hoc power calculations for this
exploratory outcome but will provide 95% CIs of the
differences to allow estimates on the power of this study
to find any significant difference."’

All statistical analyses were performed with SAS statis-
tical software (V.9.4, SAS Institute).

RESULTS

General

A total of 272 GPs from 72 PCPs included 10 270 eligible
laboratory panels from 9683 patients. There was only
one panel for most of the participating patients (9163),
and 520 patients had two or more panels included. We
received information on DAs for 90.7% of the included
laboratory panels, evenly distributed over the interven-
tion and control group (figure 1). The main reasons for
missing information were the non-response of GPs and

10270 (9683)

All Included Lab Panels (Participants) }

' Y

Intervention (CDSS)
5495 (5124)

Age 58,33 yrs (SD 17,04)
Female 54%

Control
4775 (4559)

Age 54,34 yrs (SD 17,61)
Female 56%

A\

Lab Panels WITH information on DAs (Participants)
9318 (8842)

|
' Y

Intervention (CDSS)

4971 (4670)
Age 58,89 yrs (SD 17,09)
Female 53,4%

Control

4347 (4172)
Age 54,47 yrs (SD 17,58)
Female 56%

Figure 1 Included lab panels and information on
downstream activities in intervention and control arm. CDSS,
clinical decision support system; DA, downstream activities.

technical problems that prevented sending the eCRF
through the secured system to the trusted third party.
Detailed information on recruitment, inclusion and char-
acteristics of lab panels with missing follow-up data can be
consulted in online supplemental appendix 3.

Downstream activities

Nearly 32% of the lab panels results in DAs. For 19.7%
of lab panels, GPs order additional diagnostic proce-
dures (DDAs), and for 19%, they change the patient’s
treatment plan (TDAs). The majority of DDAs consists
of laboratory exams (14.6% of all laboratory panels),
followed by referrals (6.3%), whereas TDAs mostly
mean ‘starting a new medication’ (13.6%) (see table 1
for detailed results). Lab panels for which GPs selected
‘check-up’ as the only indication lead to similar rates
of DAs, with 17.5% of check-up labs resulting in DDAs
and 18.9% to TDAs.

Intervention versus control

Overall there is no statistically significant difference
between both arms in the total number of DDAs.
However, there are small but significant reductions
in referrals (-2.4%) and in ‘imaging and endosco-
pies’ (-0.9%), (p values and 95% CIs are presented in
table 2).

We observed a significant reduction in treatment
changes (TDA) in the intervention arm. In this arm,
16.5% of laboratory panels result in modifying the
patient’s treatment plan, mainly the initiation of a new
medication (11.7%). In the control arm, this is 21.9%
and 15.7%, respectively. This means a significant abso-
lute difference of —5.4% for any change in the treat-
ment plan and -3.9% for starting a new medication.

Effect of the CDSS on check-up laboratory panels

There are twice as many panels for check-up only (22.7%)
in the control arm compared with the intervention arm
(10.1%) (table 3). GPs in the intervention arm more

Piessens V, et al. BMJ Open 2022;12:059261. doi:10.1136/bmjopen-2021-059261


https://dx.doi.org/10.1136/bmjopen-2021-059261

Open access

3

Table 1
subgroup of 1640 panels for check-up only

Number and proportion of laboratory panels resulting in downstream activities in all 10 270 laboratory panels and in a

All lab panels

Lab panels for check-up only

N=10 270

N=1640

No of panels

% (Cl 95%) of panels

No of panels % (Cl 95%) of panels

Diagnostic downstream activities (DDA)

Any DDA 2022
Additional labs 1499
Referrals 649

Imaging & Endoscopies 248
Functional Tests* 70
Therapeutic downstream activities (TDA)

Any TDA 1950
Start medication 1393
Change medication 390
Stop medication 67

Advice on healthy habitst 171

19.7% (18.9% t0 20.5%) 287
14.6% (13.9% to 15.3%) 213
6.3% (5.8% to 6.8%) 80
2.4% (2.1% to 2.7%) 34
0.7% (0.5% to 0.8%) 18

19% (18.2% t0 19.7%) 310
13.6% (12.9% to 14.2%) 256
3.8% (3.4% to 4.2%) 26
0.7% (0.5% to 0.8%) 5
1.7% (1.4% to 1.9%) 38

17.5% (13.8% to 21.2%)

13% (9.2% to 16.8%)
4.9% (3.0% to 6.7%)
2.1% (1.4% to 2.9%)
1.1% (0.5% to 1.7%)

18.9% (13.9% to 23.9%)
15.6% (11.2% to 20.0%)
1.6% (1.1% to 2.2%)
0.3% (0.0% to 0.6%)
2.3% (1.1% to 3.7%)

Information on downstream activities was missing for 952 panels. These panels were considered to have no downstream activities.

*Functional tests.
TNutrition, physical activity, alcohol and tobacco.

often choose (a combination of) specific indications
rather than the umbrella indication ‘check-up’ as the
only indication.

In both study arms, GPs order more tests for check-up
panels compared with panels without check-up as an
indication. Check-up panels have a lower proportion
of appropriate tests, result in more abnormal tests and

are performed in an older population with more male
patients. Although the intervention improved the appro-
priateness of check-up panels and reduced the number
of tests, the differences with panels without check-up
remain clear.

When considering laboratory panels with check-up
as the only indication, the CDSS is associated with

Table 2 Proportions of lab panels resulting in downstream activities in both study arms, with the absolute differences

between study arms, associated 95% Cl and p values

CDSS arm (N=5495)

Control arm (N=4775)

Difference

% (95% CI)

% (95% CI)

% (95% CI) P value

Diagnostic downstream activities (DDA)

Any DDA 18.4% (12.9% to 23.9%) 21.1% (17.6% t0 24.6%) -2.7% (-9.0% to +3.7%)  0.40
Additional labs 14.3% (8.6% to 20.1%) 14.9% (11.8% to 18.0%) -0.5% (-6.8% to +5.6%) 0.85
Referrals 5.2% (4.0% to 6.3%) 7.6% (6.2% to 9.0%) -2.4% (-4.2% to -0.6%)  0.008
Imaging and endoscopies 2.0% (1.5% to 2.5%) 2.9% (2.3% 1o 3.4%) -0.9% (-1.6% to -0.1%)  0.026
Functional tests* 0.4% (0.2% to 0.7%) 0.9% (0.5% to 1.4%) -0.4% (-0.9% t0 0.04%) 0.052

Therapeutic downstream activities (TDA)

Any TDA 16.5% (14.2% to 18.8%)
Start medication 11.7% (9.9% to 13.6%)

3.6% (2.7% to 4.5%)

0.63% (0.32% to 0.93%)

1.2% (0.7% to 1.7%)

Change medication
Stop medication
Healthy habits advicet

21.9% (18.5% to 25.3%)

15.7% (12.8% to 18.6%)
4.0% (3.2% to 4.9%)
0.67% (0.45% to 0.89%)
2.3% (1.3% to 3.2%)

-5.4% (-9.5% to -1.2%)  0.01
-83.9% (-7.3% to -0.6%)  0.02
-0.4% (-1.7% to +0.8%)  0.50
+0.04% (-0.9% to +0.4%) 0.81
-1.1% (-2.1% to -0.05%) 0.05

Information on downstream activities was missing for 524 panels in the CDSS arm and 428 panels in the control arm. Therefore, these panels

were considered to have no downstream activities.
*Functional tests.

TNutrition, physical activity, alcohol and tobacco.
CDSS, clinical decision support system.
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Table 3 Lab panel and patient characteristics in laboratory panels for ‘check-up' only compared with mixed panels and

panels without check-up as an indication

CDSS arm (N=5495)

Control arm (N=4775)

Laboratory panel characteristics

Panels (N, %)

No check-up

Check-up only

Check-up +other indications
Mean # tests/panel (mean, Cl 95%)

No check-up

Check-up only

Check-up +other indications
Mean # abnormal tests/panel (mean, Cl 95%)

No check-up

Check-up only

Check-up +other indications
Proportion of appropriate tests per panel (mean, Cl 95%)

No check-up

Check-up only

Check-up +other indications

Patient characteristics

Patients (N)

No check-up

Check-up only

Check-up +other indications
Patient age (years, SD)

No check-up

Check-up only

Check-up +other indications
% Female

No check-up

Check-up only

Check-up +other indications

3773 (68.7%)
554 (10.1%)
1168 (21.3%)

19.99 (15.57 to 22.41)
32.51 (29.37 to 35.66)
32.99 (31.61 to 34.37)

3.98 (3.58 to 4.37)
4.98 (4.39 to 5.57)
5.50 (5.09 to 5.90)

0.74 (0.69 to 0.77)
0.23 (0.13 to 0.32)
0.67 (0.64 to 0.71)

3447
530
1147

55.94 (18.25)
60.75 (13.54)
62.19 (13.3)

55.3
47.2
53.4

2839 (59.5%)
1086 (22.7%)
850 (17.8%)

24.33 (21.96 to 26.70)
41.75 (39.27 to 44.22)
40.48 (37.89 to 43.08)

4.38 (3.92 to 4.84)
5.82 (5.32 to 6.33)
5.96 (5.42 to 6.49)

0.61 (0.59 to 0.63)
0.16 (0.14 t0 0.17)
0.42 (0.39 to 0.45)

2660
1075
824

49.58 (18.47)
60.37 (13.44)
59.03 (15.46)

60
49.8
53

CDSS, clinical decision support system.

fewer TDAs and referrals and no effect on other DDAs
(table 4).

DISCUSSION

Main findings

Nearly 20% of the laboratory panels in the ELMO trial led
to DDAs and 19% to TDAs, mainly starting a new medi-
cation. A subgroup analysis of check-up laboratory panels
showed similar results. The intervention with a CDSS for
lab test ordering was associated with a significant overall
reduction of downstream treatment changes, referrals
and imaging, and referrals and treatment changes in the
subgroup of laboratory exams for ‘check-up only’.

We believe that the direct effect of the intervention did
not extend beyond the moment that GPs ordered the lab
tests, so we hypothesise that any effect on further DAs was
mediated by the initial reduction in low-value lab tests
through the CDSS.

We have no details on what GPs understood by a
‘check-up’ lab. We assume that there will be a range from
real check-up labs (ie, laboratory panels in people who
are otherwise healthy and have no complaints or symp-
toms) over targeted screening tests (eg, screening for
diabetes) to broad lab panels for patients who present
with multiple, vague complaints. In the intervention arm,
there were also fewer panels with ‘check-up’ as the only
indication and more panels with one or more specific
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Table 4 Proportions of lab panels for a check-up only resulting in downstream activities in both study arms, with the absolute
differences between study arms, associated 95% Cl and p values

CDSS (N=554) Control (N=1086) Difference
% (Cl 95%) % (Cl 95%) % (Cl 95%) P value

Diagnostic downstream activities (DDA)

Any DDA 18.6% (12.6% to 24.7%) 16.9% (12.5% t0 21.3%) +1.7% (-5.8% to +9.2%) 0.65
Additional labs 16.6% (9.2% to 24.0%) 11.2% (8.0% to 14.4%)  +5.4% (-2.7% to +13.5%) 0.19
Referrals 2.9% (1.0% to 4.7%) 5.9% (3.6% to 8.2%) -3.0% (-6.0% to —0.04%) 0.047
Imaging and endoscopies 1.6% (0.2% to 3.0%) 2.4% (1.7% to 3.2%) -0.9% (-2.4% to +0.7%) 0.28

Therapeutic downstream activities (TDA)

Any TDA 12.3% (8.5% to 16.0%) 22.3% (16.7% t0 27.9%) -10.1% (-16.7% to —3.4%) 0.003
Start medication 9.9% (6.1% to 13.8%) 18.5% (13.7% t0 23.3%) -8.6% (—14.7% to —2.5%) 0.006

Proportions for other types of downstream activities could not be calculated due to the low number of events.

CDSS, clinical decision support system.

indications. When GPs in the intervention arm selected
‘check-up’ as an indication, the CDSS only suggested a
minimalist set of tests (glucose and cholesterol), prob-
ably considerably fewer tests than GPs usually order for a
check-up lab. We assume that this might have prompted
GPs to reconsider the indications for which they wanted
to have the patient tested, which probably led to a shift
from lab panels for ‘check-up only’ to panels with several
specific indications. Nevertheless, GPs in both the CDSS
and the control group ordered remarkably more tests
for check-ups than for other indications, and the CDSS
reduced the number of tests and improved the appropri-
ateness of check-up laboratory panels.

The CDSS had no effect on further laboratory testing,
which was the largest subcategory of DDAs. We have no
further details on the content of these downstream lab
tests and whether they were reflex tests on the same blood
sample (stepwise ordering of additional tests based on the
results of the previous tests, for instance only ordering
free thyroxine when thyroid-stimulating hormone levels
are abnormal), repeated laboratory panels, or scheduled
controls. The CDSS encouraged reflex testing, with a
limited set of appropriate, mostly first-line tests. If reflex
testing explained the observed difference in downstream
laboratory tests, it would represent a shift of certain lab
tests from the initial lab panel to follow-up tests rather
than actual additional tests.

We only investigated the initial DAs after laboratory
exams. Therefore, we have no information on further
cascade investigations or treatments resulting from
abnormalities that may have been detected in these first-
line DAs. The term cascades refers to ‘a chain of events
initiated by an unnecessary test, an unexpected result, or
patient or physician anxiety, which results in ill-advised
tests or treatments that may cause avoidable adverse
effects and morbidity’.” This study shows that a CDSS can
mitigate the first two stages of a potential cascade (the
number of inappropriate lab tests and subsequent DAs),

and a further downstream effect can be assumed, but has
yet to be confirmed.

Strengths and weaknesses

The major strength of this study is the strong design of an
RCT to examine the late effects of a CDSS for laboratory
ordering on DAs beyond its immediate effect on appro-
priateness and test volume of the lab panels. In addi-
tion, the pragmatic real-life setting and the magnitude
of the dataset contribute to the reliability of the results.
However, this study has some limitations.

First, our data may not be entirely complete. We had to
rely on what GPs registered in their EHR, which is some-
times scarce, and on what they actively remembered 6
months later, which could have introduced a recollection
bias. However, as health records are digitised, most infor-
mation is automatically available in the EHR (electronic
drug prescriptions, lab reports or specialist referrals).
Second, the quality of the data might be suboptimal. At
times it was unclear whether the mentioned DAs were
due to the laboratory test results or instead related to the
complaints the laboratory panel was performed for in the
first place. This implies that the decision to initiate a DA
was already taken before the lab tests were ordered. This
risk of ‘assignment bias’ is confirmed by the observation
that almost 10% of laboratory panels with no abnormal
results led to further investigations or referrals. These
biases may result in both over and under-reporting of
DAs. However, we can assume that they occurred evenly
and randomly in all subcategories and that these biases
did not affect observed differences between subgroups.
Third, one might fear that fewer DAs could mean that
necessary DAs for quality patient care are no longer
performed, which could lead to missed diagnoses and
undertreatment. Unfortunately, we do not have detailed
information on the exact contents of the DAs, such as
which lab tests were performed or which treatments
were started. Therefore, we are unable to distinguish
justified DAs from unnecessary ones. However, the risk
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of diagnostic error was a crucial secondary endpoint in
the ELMO trial, for which it was adequately powered.18 It
was primarily assessed through a systematic chart review
of all included patients and completed with data from
telephone interviews with a random subset of patients."®
Results show that the CDSS reduced test volume and
inappropriate tests and did not lead to more missed diag-
noses or other diagnostic errors.'” Given this equal health
outcome, we could state that the additional reduction in
DAs saves healthcare costs and protects patients against
unnecessary medical interventions. Fourth, as mentioned
before, this is a post hoc analysis without prespecified
statistical thresholds. Therefore, the calculated differ-
ences between the intervention and control groups
should be interpreted with caution. No threshold was set
for which effect would be clinically significant. This would
have been impossible, as we had no information on the
baseline rate of DAs after laboratory exams. Furthermore,
itis only after we have established that using a CDSS is safe
and does not increase the risk of diagnostic error that we
can assume that fewer DAs are not associated with missed
diagnoses. Given the now established safety of the inter-
vention, we believe that even a minor decrease in DAs can
be clinically significant. For instance, there is an absolute
reduction of 0.9% in imaging and endoscopies. One can
doubt the clinical significance of such a slight reduction.
However, even this tiny reduction would mean 82 000
fewer imaging procedures per year for the small Belgian
population (9 million adult inhabitants) if we assume that
an adult patient has on average one blood test every year.'
The net impact of such an intervention will depend on
the a priori risk of low value laboratory testing, which may
vary between healthcare settings. Belgian GPs lab testing
practices are situated mid-range of several European

countries.?’

Comparison with existing literature

There is only limited research on DAs in primary care,
and to our knowledge, this is the first study that examines
the effect of an intervention for laboratory test ordering
on further DAs. Watson et alstudied British GPs’ DA prac-
tices after ordering inflammatory marker tests.” They
found that patients who had their inflammatory markers
checked, compared with untested control patients, were
2-3 times more likely to have a referral in the 6 months
following the lab test and 1.5-3.5 times more likely to
have a new blood test. Overall, 2.4% of patients with an
inflammatory marker test were referred, and 23% were
scheduled for a new blood test. Houben et al observed
Dutch GP’s DDAs in routine practice and found that
GPs ordered further investigations or referrals for 17%
of patients with labs ordered for diagnostic reasons and
with a low pretest probability. When the pretest proba-
bility was high, and the lab results came back abnormal,
GPs took further action in up to 77% of patients."” *' This
is partly in line with our findings, despite our substantially
higher number of tests per panel (27 vs 9.9) and a higher

proportion of lab panels with at least one abnormal result
(90.6% vs 64%).

Other research on TDAs is scarce, so we could not
compare our findings with other research on this topic.
Almost 14% of all lab panels in this study resulted in
the initiation of a new medication, which seems high.
However, we believe that this is a reliable reflection of
current prescribing behaviour in Belgium. In general, the
prescription rate in Belgium is high. Matthys et alobserved
613 GP consultations, and in 69.8% of all contacts, medi-
cation was prescribed.”” Moreover, most lab panels in this
study were not for screening but for specific indications,
which probably resulted in a preselection of patients with
a higher need to start drug treatment. Finally, the cate-
gory ‘starting medication’ was broadly defined and also
included iron or vitamin supplementation or adding
another diabetes medication to an existing treatment.

A subgroup analysis of check-up laboratory panels
showed that only 16% of the tests ordered in these panels
was appropriate. This is probably not without conse-
quence. A large retrospective cohort study in patients who
underwent an annual check-up exam found that inappro-
priate, low-value screening tests (ECG, chest radiograph,
...) were associated with more, sometimes invasive, down-
stream procedures, without evidence of health benefits.”
We observed important rates of treatment changes and
DDA after check-up laboratory exams. This is surprising,
given that, in theory, check-up labs should only be
performed in healthy people. This could be a confirma-
tion of what other researchers have warned about, that
screening healthy people generates multiple DAs with no
tangible health benefits."' On the other hand, as already
mentioned before, this finding might also be due to
documentation bias: patients may present with multiple
complaints, and the GP decides to do a ‘lab for a general
check-up’ rather than ticking all the relevant indications.

What do these findings mean

Further diagnostic and therapeutic procedures after
laboratory exams are standard in the clinical process
in primary care. Using a CDSS, which affects lab test
ordering behaviour at the beginning of this process, may
also impact DAs. This could be an encouragement for
GPs who strive to provide a high quality of care and avoid
unnecessary medical interventions, to use such CDSS,
and likewise for policy-makers to support the implemen-
tation of CDSS in lab test ordering systems.

Need for further research

This was the first trial to study the effect of a CDSS on
DAs. However, it was only an exploratory outcome with
a post hoc statistical analysis. Further research is needed
to confirm and elaborate on these results, with a specific
focus on gaining insight into what prompts further (low
value) DAs: specific lab abnormalities, the indications
the tests were ordered for, or rather patient or GP char-
acteristics? Since research indicates that patients appre-
ciate general check-ups and improve their well-being,'
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we recommend integrating nested qualitative research to
capture both the patient’s perspective and GP’s views on
observed differences in DAs.

CONCLUSION

Our findings suggest that one-third of laboratory exams
in primary care lead to further diagnostic procedures or
changes in the patient’s treatment plan. Lab panels for
a general check-up in otherwise healthy patients have
similar rates of DAs. Using a CDSS for laboratory test
ordering in primary care decreased downstream referrals
and treatment changes but did not affect additional labo-
ratory testing.
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