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Abstract

Background In advanced clinical decision support systems, patient characteristics and laboratory values are included in the
algorithms that generate alerts. These alerts have a higher specificity than basic medication surveillance alerts. The alerts
of advanced clinical decision support systems can be shown directly to the prescriber during order entry, without the risk of
generating an overload of irrelevant alerts. We implemented five advanced algorithms that are shown directly to the prescriber.
These algorithms are for gastrointestinal prophylaxis, folic or folinic acid prescribed with orally or subcutaneously adminis-
tered methotrexate, vitamin D prescribed with bisphosphonates, hyponatremia and measuring plasma levels for vancomycin
and gentamicin. Objective We evaluated the effect of the implementation of the algorithms. Setting We performed prospec-
tive intervention studies with a historical group for comparison in both inpatients and outpatients at a teaching hospital in
the Netherlands. Methods We compared the time period after implementation of the algorithm with the time period before
implementation, using data from the hospital information system Epic. Difference in guideline adherence were analyzed
using Chi square tests. Main outcome measure The outcome measures were the number of alerts, the acceptance rate of the
advice in the alert, and for the algorithm measuring plasma levels for vancomycin and gentamicin the time to the correct
dose. Results For all algorithms, the implementation resulted in a significant increase in guideline adherence, varying from
11 to 36%. The acceptance rate varied from 14% for hyponatremia to 90% for methotrexate. For gastrointestinal prophylaxis
the acceptance rate was 4.4% for basic drug—drug interaction alerts when no gastrointestinal prophylaxis was prescribed and
increased to 44.7% after implementation of the advanced algorithm. This algorithm substantially decreased the number of
alerts from 812 before implementation to 217 after implementation. After implementation of the algorithm for measuring
plasma levels for vancomycin and gentamicin, the proportion of patients receiving the correct dose after 48 h increased from
73 to 84% (p =0.03). Conclusion Implementation of advanced algorithms that take patient characteristics into account and
are shown directly to the physician during order entry, result in an increased guideline adherence.

Keywords Clinical decision support systems - Computer-assisted drug therapy - Medical order entry systems - Medication
errors

Impacts on practice

e In advanced clinical decision support systems, patient
characteristics are taken into account to reduce the num-
ber of irrelevant signals.

e We implemented five algorithms in the clinical decision
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11 to 36% and three of the five algorithms had a compli-
ance rate above 80%.

e The acceptance rate of the advices varied from 14 to
90%.

e For the algorithm to measure plasma levels for vancomy-
cin and gentamicin, the proportion of patients receiving
the correct dose after 48 h increased from 73 to 84%.

Introduction

Medication surveillance during physician order entry has an
important role in improving medication safety and preven-
tion of hospital admissions due to adverse drug reactions [1,
2]. Medication surveillance is a kind of decision support and
consists of supporting the physician during the prescribing
process with surveillance of drug-allergy, drug—drug interac-
tions and duplicate therapy checking, among others. Since
no patient characteristics are taken into account, basic clini-
cal decision support is hampered by an overload of signals of
which a substantial part is clinically irrelevant. A high num-
ber of irrelevant signals does result in so called alert fatigue,
overriding of all generated medication safety alerts including
those that are relevant [3]. A solution is the introduction of
advanced clinical decision support systems (CDSS), using
algorithms that take patient characteristics into account, such
as age, co-medication, co-morbidities and laboratory values
[4]. In our research group, we focus on the performance
of medication surveillance and how advanced clinical deci-
sion support systems can improve it. Our focus is both on
the reduction of irrelevant signals and the development of
new algorithms that improve medication surveillance and
medication safety. In the past few years, we implemented
five algorithms in our hospital in the Netherlands and sub-
sequently assessed the effect of the implementation on the
number of alerts and acceptance rate of the recommenda-
tions. These results have been published before [5—7] and
are merged in this publication to give an overview of how
advanced CDSS can improve medication surveillance.

By individualizing the algorithms generating the alerts,
the number of irrelevant signals can be reduced and alert
fatigue prevented. Moreover, advanced CDSS can survey
other issues, such as whether laboratory tests are ordered
and the medication is adapted in line with the laboratory
results. Thus far, the alerts of the advanced CDSS related
to medication surveillance were shown to the pharmacist
for judgment whether the alert was clinically relevant. If
relevant, the pharmacist contacted the physician and rec-
ommendations in pharmacotherapy were discussed [8—10].
Managing the alerts this way is a rather time-consuming
process for the pharmacist and the physician is interrupted
during other proceedings.
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In 2005, Kawamoto et al. identified in an analysis of 70
randomized controlled trials that CDSS possessing four sys-
tem features were significantly more likely to improve clini-
cal practice compared to CDSS lacking these features [11].
These features are decision support provided automatically
as part of clinician workflow, decision support delivered at
the time and location of decision making, providing action-
able recommendations and computer based. If all these fea-
tures were available, 94% of the CDSS improved clinical
practice.

If the alerts of the CDSS are reviewed by the pharmacist
and the physician is contacted in case of doubt about the
correctness of pharmacotherapy, the CDSS does not meet
the feature that the support is provided as part of clinician
workflow. The physician is not contacted during the work-
flow of order entry, but later while working on other activi-
ties. Implementation of algorithms in the advanced CDSS
that take patient characteristics into account and that are
shown directly to the physician, would meet all the features
mentioned by Kawamoto et al.

Aim of the study

In the Netherlands, algorithms for advanced clinical decision
support related to medication surveillance have been devel-
oped by the Dutch Association of Hospital Pharmacists. We
implemented five algorithms in our CDSS that are shown
directly to the physician during order entry. We evaluated
the effect of the implementation with a pre/post intervention
analysis. These results have been published before [5-7].
The aim of our study was to evaluate the effect of the imple-
mentation of the algorithms on the number of alerts, the
acceptance rate of the advice in the alert, and if possible the
clinical effect.

Ethics approval

Implementation of the algorithms was part of regular
care, and therefore no approval of an ethical committee
was needed. The studies were approved by the institu-
tional review board of the Spaarne Gasthuis (2015.0004,
2015.0065 and 2015.0110).

Methods
Setting
All studies were performed by the Pharmacy Foundation of

Haarlem Hospitals (Haarlem, the Netherlands), the hospital
pharmacy servicing the teaching hospital Spaarne Gasthuis
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(Haarlem/Hoofddorp, the Netherlands) [5—7]. The hospital
information system Epic (Epic, Verona, WI) is used, con-
taining a laboratory information system and integrated com-
puterized physician order entry system.

Study design

We selected five algorithms, that were developed by the
Dutch Association of Hospital Pharmacists and were suit-
able for alerting the physician during order entry. These
algorithms generate an alert if:

1. Medication is ordered with an increased risk of gastroin-
testinal bleeding and, according to the Dutch guideline,
gastrointestinal prophylaxis is indicated based on age
and medication use, while not prescribed [12]. In the
alert the recommendation is given to prescribe a proton-
pump inhibitor;

2. Methotrexate is ordered for oral or subcutaneous admin-
istration, while no folic or folinic acid is prescribed;

3. A bisphosphonate is ordered, while no colecalciferol,
alfacalcidol, calcitriol or dihydrotachysterol is pre-
scribed;

4. One sodium lowering drug is ordered while the sodium
level is below 130 mmol/l or two sodium lowering drugs
are ordered concomitantly while the sodium level is
below 135 mmol/l, with the advice to reconsider the

Fig. 1 Alerts of the advanced A
clinical decision support system [
in Epic, shown to the prescribed

sodium lowering drug(s). The selected sodium lowering
drugs were diuretics, NSAIDs, SSRIs, venlafaxine, car-
bamazepine, oxcarbazepine, cisplatin and carboplatin.;
5. Intravenous vancomycin or gentamicin is ordered in a
frequency other than once, and no recent plasma drug
concentration was available nor a plasma drug concen-
tration measurement was ordered. In the alert the advice
was given to order a drug concentration measurement.

These algorithms generated an alert shown to the pre-
scriber during order entry. In the pop-up, the advice was
given how to manage the alert and if applicable the phy-
sician could order the recommended medication with two
clicks (Fig. 1). For the algorithm of measuring plasma con-
centrations for vancomycin or gentamicin, a drug concen-
tration measurement could be ordered with two clicks. The
algorithm for gastrointestinal prophylaxis in the advanced
CDSS replaced all drug—drug interaction alerts from the
basic CDSS for combinations of drugs with an increased
risk of gastrointestinal bleeding. Similarly, the algorithm for
hyponatremia in the advanced CDSS replaced all drug—drug
interaction alerts from the basic CDSS for combinations of
sodium lowering drugs.

If the alert was overridden without accepting the advice
and the patient was hospitalized, the patient was shown on
a list that was reviewed daily by the attending pharmacist.
In this list, patients were also shown in whom a sodium
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level below the thresholds was measured after ordering the
sodium lowering drug(s). All patients who were prescribed
vancomycin or gentamicin were reviewed daily and after
measuring drug concentrations, a dosing advice and an
advice on follow-up plasma levels was given.

We performed a prospective intervention study, with a
historical group for comparison to analyze the effect of the
alert generated by the algorithms.

Participants

All inpatients and outpatients at the Spaarne Gasthuis, who
were prescribed drugs with (1) an increased risk of gastroin-
testinal bleeding and an indication for gastrointestinal proph-
ylaxis, (2) methotrexate per os or subcutaneous, (3) bispho-
sphonates, (4) sodium lowering drugs or (5) vancomycin or
gentamicin for at least 48 h were included in the analysis.
For drugs with an increased risk of gastrointestinal bleeding
and for vancomycin and gentamicin, only patients treated in
the Spaarne Hospital, or after the merger (22 March 2015) at
the Hoofddorp site of the Spaarne Gasthuis (being formerly
the Spaarne Hospital), were included in the study. The start
of the historical comparison group was before the merger,
and Epic was not introduced in the Kennemer Gasthuis at
that time.

Study flow

We compared patients who started treatment before imple-
mentation of the algorithm with patients who started
treatment after implementation. For the algorithm of gas-
trointestinal prophylaxis the time period 3 months before
implementation (May 1, 2014-August 1, 2014) was com-
pared with 3 months after implementation (December 1,
2014-March 1, 2015). The 4 months in between were used
as an implementation period. For measuring blood concen-
trations in patients using vancomycin and gentamicin, we
compared the time period 1 year before (May 1, 2014—May
1,2015) and 1 year after implementation (June 1, 2015—June
1, 2016). For the other algorithms, we compared the
48 days before implementation (July 13, 2015—-August 24,
2015) with the 43 days after implementation (August 25,
2015—October 11, 2015).

Outcome measures

For the algorithm gastrointestinal prophylaxis, we analyzed
whether gastrointestinal prophylaxis was ordered within
1 h after the alert; for the algorithms methotrexate and bis-
phosphonate, we analyzed whether folic or folinic acid and
vitamin D or vitamin D analogue was prescribed within 48 h
after the alert; for the algorithm hyponatremia we analyzed
whether one or more sodium lowering drugs were stopped
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within 1 h after the alert; and for the algorithm to meas-
ure blood concentrations in patients using vancomycin and
gentamicin we analyzed whether a blood concentration was
measured within 72 h after start of therapy as recommended
by the guidelines [13, 14]. For the latter algorithm, we also
analyzed whether the time the correct dose was prescribed
differed before and after implementation and whether the
correct dose was prescribed 48 h after start of vancomy-
cin or gentamicin. For all algorithms, except gastrointesti-
nal prophylaxis, we analyzed the frequency the pharmacist
contacted the physician to make recommendations regarding
the medication.

Methods for data acquisition

Data were extracted from the hospital information system
Epic, using Crystal Reports (Walldorf, Germany).

Methods for data analysis

The unit of analysis was the number of orders that met the
criteria of the algorithms. Changes in proportion before and
after implementation of the algorithms were analyzed using
the Pearson’s Chi square test. For the algorithm to measure
blood concentrations in patients using vancomycin and gen-
tamicin, the time from start of treatment until the correct
dose was estimated by inputing doses, blood concentrations
and patient data in MW Pharm (MW Pharm bv, Gronin-
gen, the Netherlands). MW Pharm is a computer program
designed to support dose advices based on plasma drug con-
centrations and uses Bayesian computation to predict plasma
concentrations. Differences in the time to the correct dose
was prescribed were analyzed using the Log Rank test. Data
were analyzed using SPSS (IBM Corp. Armonk, NY).

Results

For all algorithms, the proportion of treatments in line with
the advice increased significantly after implementation
(Table 1). The increase varied from 11 to 36% with three
algorithms having a compliance rate above 80%.

For the algorithm gastrointestinal prophylaxis, 812 alerts
were shown before implementation of the algorithm. Of
these alerts, 91 (11.2%) alerts were correct and patients had
an indication for gastrointestinal prophylaxis while it was not
prescribed. For 244 orders, an alert should have been fired
according to the guideline, but was not generated. After 4
of the 91 correct alerts (4.4%), gastrointestinal prophylaxis
was prescribed within 1 h. After implementation of the algo-
rithm, the number of alerts was reduced to 217. All these
alerts were correct and we identified four orders for which
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Table 1 The effect of implementation of algorithms in advanced clinical decision support systems, shown directly to the prescribed during order

entry
Algorithm Alerts before Percentage of all Alerts after Percentage of all ~ Treatment cor- Treatment Signifi- Accept-
included orders?® included orders rected before corrected after cance (p ance rate
(%) (%) (%) value) (%)
Gastrointestinal 812° 39% 217 9.6 84 95 <0.001 45
prophylaxis
Methotrexate po  — - 21 35 54 90 0.014 90
or sc and folic or
folinic acid
Bisphosphonate - - 60 9.9 11 40 0.001 40
and vitamin D
suppletion
Hyponatremia 27 0.5% 109 14 3 14 0.002 14
Vancomycin or - - 138°¢ 100 47 80 <0.001 43

gentamicin

“For gastrointestinal prophylaxis, percentage of all orders where gastrointestinal prophylaxis is indicated irrespective of whether it was pre-
scribed, for methotrexate po or sc the percentage of all methotrexate orders, for bisphosphonate the percentage of all bisphosphonate orders, for
hyponatremia the percentage of all sodium lowering drugs, for vancomycin or gentamicin all treatments with vancomycin or gentamicin with a

duration of at least 48 h without an order for TDM

°In 244 patients, no alert was shown although patients had an indication for gastrointestinal prophylaxis according to the guidelines

¢ Analysis per treatment instead of per order

erroneously no alert was fired. After 97 of the 217 alerts
(44.7%), gastrointestinal prophylaxis was prescribed.

The algorithms for methotrexate and bisphosphonate
were introduced without replacing basic medication sur-
veillance alerts. Before implementation of the algorithm for
methotrexate, thirteen alerts would have been generated.
Although no alert was fired, the physician prescribed folic
or folinic acid within 48 h after 7 of the 13 (54%) orders for
methotrexate without folic or folinic acid at the moment of
ordering. After implementation of the alert, folic or folinic
acid was prescribed within 48 h after 19 of the 21 orders fol-
lowed by an alert (90%). For the bisphosphonate algorithm,
vitamin D was prescribed after 5 of the 47 orders (11%)
for a bisphosphonate without vitamin D at the moment of
ordering, before implementation. After implementation, 60
orders generated an alert and after 24 (40%) vitamin D or an
analogue was prescribed within 48 h.

Before implementation of the algorithm hyponatremia,
27 drug—drug interaction alerts were shown when two or
more sodium lowering drugs were combined simultaneously,
irrespective of the actual plasma sodium level. In this period
119 alerts would have been fired and three times (3%) the
sodium lowering drug was stopped within one hour. After
implementation of the algorithm, 109 alerts were shown
and 15 times (14%) the sodium lowering drug was stopped
within 1 h.

For the algorithms methotrexate, bisphosphonates and
hyponatremia, we analyzed the frequency that the pharma-
cist contacted the prescriber after reviewing the inpatients
who were presented on the patient list. The pharmacists

made eight phone calls, none for methotrexate, six for bis-
phosphonates and two for hyponatremia. After three of the
eight calls (38%), the medication was changed in line with
the recommendation.

After implementation of the algorithm vancomycin and
gentamicin, the proportion of treatments where the plasma
level was measured within 72 h increased from 47 to 80%.
After 60 of the 138 alerts (43%), the physician ordered a
vancomycin or gentamicin plasma concentrations within
10 min after the alert. During 38 treatments (28%), the phar-
macist contacted the physician with the advice to order a
first plasma level. The time to receive the correct dose was
significantly shorter (p =0.03) after implementation and the
proportion of patients who received the correct dose 48 h
after start of therapy increased from 73 to 84% (p=0.03).

Discussion

The implementation of advanced CDSS algorithms that were
presented to the physician during order entry, resulted in an
increase in compliance with the guidelines. For all five algo-
rithms that were implemented, the compliance significantly
increased and in three of the five algorithms the compliance
was above 80% after implementation. The acceptance rate of
the advices given in the alert varied from 14 to 90%.

A prerequisite for implementation of CDSS shown during
order entry is that the alerts have a high specificity. Alerting
physicians too often with irrelevant alerts will result in alert
fatigue. The advantage of the advanced algorithms that take
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patient characteristics into account, is that we could filter
drug—drug interaction alerts for combinations of drugs that
increase the risk of gastrointestinal bleeding. These alerts
are not relevant if gastrointestinal prophylaxis is already
prescribed. Similarly, we filtered alerts for combinations of
sodium lowering drugs, that are not relevant if sodium levels
are and remain within normal range.

The post implementation measurements were performed
directly or shortly after implementation of the algorithm.
However, after implementation of CDSS continuous main-
tenance is indicated to improve the performance. After this
study, for example, we excluded furosemide as sodium
lowering drug from the algorithm hyponatremia. Although
included in the guideline, furosemide does not lower the
sodium level and is often used in the treatment of hypona-
tremia [15]. Although we did not analyze the effect after this
adjustment, it is likely that the acceptance rate has improved.

Although the goal is to have an acceptance rate as high
as possible, it is unrealistic to expect that acceptance rates
are 100%. In the algorithms gastrointestinal prophylaxis
and vancomycin or gentamicin, the treatment can be started
for a short time period, making the advice irrelevant. If
drugs that increase the risk of a gastrointestinal bleeding
are used shortly, the risk can be negligible and the neces-
sity to prescribe gastrointestinal protection low. In the algo-
rithm hyponatremia, there are numerous other causes for
the hyponatremia than due to sodium lowering drugs. If the
expected cause is not drug-induced, there is no necessity to
stop these drugs. For the algorithm bisphosphonate, a recent
plasma vitamin D level can be measured indicating that there
is no vitamin D deficiency and no reason to start vitamin D
treatment or a hypercalcaemia can be present. This item was
nevertheless not included in the guidelines developed by the
Dutch Association of Hospital Pharmacists and therefore not
implemented in the algorithm.

For the algorithm gastrointestinal prophylaxis, we ana-
lyzed the acceptance rate of the basic drug—drug interaction
alerts between drugs that increase the risk of gastrointesti-
nal bleeding, in cases that no gastrointestinal prophylaxis
was prescribed. In 4.4% of the basic drug—drug interaction
alerts gastrointestinal prophylaxis was prescribed after the
alert, versus 45% of the algorithms in the advanced CDSS,
indicating that advanced CDSS are far more effective in
stimulating that the recommendations are followed. For
three algorithms, we analyzed the effect of the pharmacist
interventions. Thirty-eight percent of the pharmacist inter-
ventions were accepted. Although these interventions were
performed in most cases after ignoring the initial alert, this
percentage indicates that also pharmacist interventions are
frequently ignored.

In a previous study by Scheepers-Hoek et al., the effect
of four different alert presentation methods were assessed
on an intensive care unit (ICU) [16]. The compliance with
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the advices was highest if the alert was presented in a pop-
up (41%), followed by pharmacy intervention (33%), in a
patient list on the desktop of the physician (20%) and in
specific section (CDSS tab) in the patients electronic health
record (19%). However, in the study by Scheepers-Hoek
et al. the pop-up was presented when the physician evalu-
ated the electronic health record, and was not shown directly
during order entry. Another major difference with the study
by Scheepers-Hoek et al. is that their study was performed at
an ICU, while our study was performed in the whole hospital
including both inpatients and outpatients.

Our study has some potential strengths and limitations.
A strength of our studies is that we used the same methods
in the historical and intervention group to analyze whether
guidelines were followed, to reduce potential information
bias. A limitation is that we used a historical group as a
reference. Although we are not aware of factors apart from
the implementation that have affected the results, we can-
not exclude it completely. However, it is unlikely that other
factors have such an impact that they explain the change
in effect found in our studies. The merger of the two hos-
pitals could have influenced the effect of the vancomycin/
gentamicin algorithm, although the algorithm was only
analyzed in the Hoofddorp site of the Spaarne Gasthuis,
and the policy of the merger was that all procedures at the
Hoofddorp site were implemented at the other hospital
and not vice versa. Another limitation is that we could not
incorporate data from the medical history in the algorithms,
because these are not unequivocally registered in Epic. In
the algorithm for gastrointestinal prophylaxis, we could not
use factors like having a peptic ulcer in the past although
this is an item in the guideline. Another limitation is that
we analyzed whether guidelines were followed, and did not
analyze the effect on patient outcomes. To analyze these
effects, we should have included more patients in our studies
than was practical possible. However, the guidelines were
composed based on a large study after medication related
hospital admissions [12], making it plausible that an increase
in guideline adherence will reduce the number of medication
related hospital admissions. Further research should focus
on the improvement of existing algorithms and the develop-
ment of new algorithms to improve guideline adherence.

Conclusion

To conclude, we implemented five advanced algorithms with
alerts shown directly to the physician during order entry.
After implementation of these algorithms, the guideline
recommendations were followed significantly more often.
These studies have shown that an advanced CDSS that alerts
directly to the physician during order entry is an effective
instrument to improve guideline compliance.



International Journal of Clinical Pharmacy (2021) 43:137-143

143

Acknowledgements Not applicable.

Funding No funding was received in relation to this study.

Conflicts of interest The authors declare no conflict of interest.

References

Wolfstadt JI, Gurwitz JH, Field TS, Lee M, Kalkar S, Wu W, et al.
The effect of computerized physician order entry with clinical
decision support on the rates of adverse drug events: a systematic
review. J Gen Intern Med. 2008;23(4):451-8.

Beijer HJ, de Blaey CJ. Hospitalisations caused by adverse drug
reactions (ADR): a meta-analysis of observational studies. Pharm
World Sci. 2002;24(2):46-54.

van der Sijs H, Mulder A, van Gelder T, Aarts J, Berg M,
Vulto A. Drug safety alert generation and overriding in a large
Dutch university medical centre. Pharmacoepidemiol Drug Saf.
2009;18(10):941-7.

Wasylewicz ATM, Scheepers-Hoeks AMJW. In: Kubben P,
Dumontier M, Dekker A, editors. Clinical Decision Support Sys-
tems. Fundamentals of Clinical Data Science [Internet]. Cham
(CH): Springer; 2019. Chapter 11. 2018 Dec 22.

Lilih S, Pereboom M, van der Hoeven RT, Mantel-Teeuwisse AK,
Becker ML. Improving the effectiveness of drug safety alerts to
increase adherence to the guideline for gastrointestinal prophy-
laxis. Int J Med Inform. 2017;97:139-44.

Baypinar F, Kingma HJ, van der Hoeven RTM, Becker ML. Physi-
cians’ compliance with a clinical decision support system alerting
during the prescribing process. J Med Syst. 2017;41(6):96.
Pereboom M, Mulder 1J, Verweij SL, van der Hoeven RTM,
Becker ML. A clinical decision support system to improve ade-
quate dosing of gentamicin and vancomycin. Int J Med Inform.
2019;124:1-5.

10.

11.

12.

13.

15.

16.

Wasylewicz ATM, Korsten EHM, Egberts TCG, Grouls RJE.
Clinical rule-guided pharmacists’ intervention in hospitalized
patients with hypokalaemia: A time series analysis. J Clin Pharm
Ther. Epub 2019 Dec 24.

Choi KS, Lee E, Rhie SJ. Impact of pharmacists’ interventions on
physicians’ decision of a knowledge-based renal dosage adjust-
ment system. Int J Clin Pharm. 2019;41(2):424-33.

Rommers MK, Zwaveling J, Guchelaar HJ, Teepe-Twiss IM.
Evaluation of rule effectiveness and positive predictive value of
clinical rules in a Dutch clinical decision support system in daily
hospital pharmacy practice. Artif Intell Med. 2013;59(1):15-21.
Kawamoto K, Houlihan CA, Balas EA, Lobach DF. Improving
clinical practice using clinical decision support systems: a system-
atic review of trials to identify features critical to success. BMJ.
2005;330(7494):765.

HARM-Wrestling, Recommendations of the Dutch HARM-Wres-
tling Task Force for Targeting Outpatient Drug Safety, Ministry
of Health, Welfare and Sport, The Hague, 2009.

Dutch Association of Hospital Pharmacists. Therapeutic Drug
Monitoring Monograph Gentamicin [In Dutch]. 2015. Version
07-2015 http://tdm-monografie.org/. Accessed 24 June 2016.

. Dutch Association of Hospital Pharmacists. Therapeutic Drug

Monitoring Monograph Vancomycin [In Dutch]. 2014. Version
05-2014 http://tdm-monografie.org/. Accessed 24 June 2016.
Fichman MP, Vorherr H, Kleeman CR, Telfer N. Diuretic-induced
hyponatremia. Ann Intern Med. 1971;75(6):853-63.
Scheepers-Hoeks AM, Grouls RJ, Neef C, Ackerman EW, Kor-
sten EH. Physicians’ responses to clinical decision support on an
intensive care unit—comparison of four different alerting methods.
Artif Intell Med. 2013;59(1):33-8.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://tdm-monografie.org/
http://tdm-monografie.org/

	The effect of medication related clinical decision support at the time of physician order entry
	Abstract
	Impacts on practice
	Introduction
	Aim of the study
	Ethics approval
	Methods
	Setting
	Study design
	Participants
	Study flow
	Outcome measures
	Methods for data acquisition
	Methods for data analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




