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Abstract 

Background:  To describe and evaluate a clinical decision support system (CDSS) for empirical antibiotic therapy 
using a systematic framework.

Methods:  A reporting framework for behavior change intervention implementation was used, which includes sev-
eral domains: development, evaluation and implementation. Within the development domain a description is given 
of the engagement of stakeholders, a rationale for how the CDSS may influence antibiotic prescribing and a detailed 
outline of how the system was developed. Within the evaluation domain a technical validation is performed and the 
interaction between potential users and the CDSS is analyzed. Within the domain of implementation a description is 
given on how the CDSS was tested in the real world and the strategies that were used for implementation and adop-
tion of the CDSS.

Results:  Development: a CDSS was developed, with the involvement of stakeholders, to assist empirical antibiotic 
prescribing by physicians. Evaluation: Technical problems were determined during the validation process and cor-
rected in a new CDSS version. A usability study was performed to assess problems in the system-user interaction. 
Implementation: In 114 patients the antibiotic advice that was generated by the CDSS was followed. For 54 patients 
the recommendations were not adhered to.

Conclusions:  This study describes the development and validation of a CDSS for empirical antibiotic therapy and 
shows the usefulness of the systematic framework for reporting CDSS interventions. In addition it shows that CDSS 
recommendations are not always adhered to which is associated with incorrect use of the system.
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Background
To improve quality of antibiotic prescriptions and thereby 
help to control the emergence and spread of antibiotic 
resistance, several Antibiotic Stewardship Programs 
(ASPs) have been developed [1–3]. These programs are 
ideally administered by an Antimicrobial Stewardship 
Team (AST), a multidisciplinary team composed of an 
infectious disease physician, a clinical pharmacist with 
infectious diseases training, a clinical microbiologist, an 
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infection control professional and a hospital epidemiolo-
gist [4]. One of the most important objectives of these 
ASPs is the use of empirical antibiotic therapy according 
to guidelines [5, 6], which has been associated with a rel-
ative risk reduction for mortality [5]. However, whereas 
empirical antibiotic therapy has been shown to be sig-
nificantly more appropriate after consultation of an infec-
tious disease specialist [10], for the majority of patients 
antibiotics are prescribed by their attending physician.

Using specific strategies to promote antibiotic prescribing 
according to the guidelines seems necessary, since it is gen-
erally not effective to passively disseminate guidelines [7]. 
Clinical decision support systems (CDSSs) can link patient 
data with an electronic knowledge base with clinical guide-
lines to improve decision making. As the use of electronic 
medical records increases and new information technolo-
gies are being developed, CDSSs for antimicrobial steward-
ship have gained widespread interest [8–10]. As part of an 
ASP, CDSSs can play an important role by taking over part 
of the activities of an AST. This is attractive given the fact 
that ASTs are labor intensive and thus expensive [11, 12].

Several CDSS to improve empirical antibiotic prescribing in 
hospitalized patients have been developed and assessed over 
the years [13–18]. These systems have the potential to improve 
empirical antibiotic prescribing [13–17], but the develop-
ment of these systems has been poorly reported. The need for 
detailed description of system design has been addressed [9]. 
A low level of CDSS use is found in several studies [8, 19–23]. 
Unfamiliarity with the system and a vague description or no 
description at all of the development of these systems may play 
a role in the lack of success of CDSS in clinical practice until 
now. In addition the literature describes a need for a system-
atic reporting framework, because of a heterogeneous and 
disjointed approach to reporting CDSS interventions [8, 24, 
25]. In this study we describe in detail the development, evalu-
ation and implementation of a CDSS following the reporting 
framework developed by Rawson et al., which is adapted from 
the Stage Model of Behaviour Intervention Development [8]. 
In this model 5 stages of intervention research are highlighted 
[26]. Stage 0 is about understanding the basic principles of 
behavior change for the intervention.

Stage I includes all activities related to the creation of 
a new intervention, or the modification, adaptation, or 
refinement of an existing intervention (Stage IA), as well 
as feasibility and pilot testing (Stage IB).

Stage II research consists of efficacy testing of prom-
ising behavioral interventions  in research settings, with 
research therapists/providers. Stage III is similar to 
Stage II research, except that instead of research provid-
ers and settings, it consists of testing in a community 
context while maintaining a high level of control neces-
sary to establish internal validity.  Stage IV is effective-
ness research. Stage IV research examines behavioral 

interventions in community settings, with community 
therapists/providers, while maximizing external validity.

Stage V is implementation and dissemination research.
Using this framework a CDSS intervention can be eval-

uated in a systematic manner taking into account several 
domains, including development, evaluation and imple-
mentation. This study describes the development and 
validation of a CDSS for empirical antibiotic therapy. It 
is, to our knowledge, the first to use this framework to 
report on a CDSS intervention for antimicrobial therapy 
and evaluate the usefulness of it.

Methods
Setting
This study was conducted at the Erasmus MC, University 
Medical Centre, a 1125 bed tertiary care center in Rotter-
dam. A total of 31.923 patients were admitted to this hos-
pital in 2018. The Erasmus MC uses an electronic health 
record (EHR) with integrated computerized prescriber 
order entry (CPOE). The Department of Medical Micro-
biology and Infectious Diseases of this hospital provides 
an active Infectious Diseases (ID) consultation service, in 
which ID consultants pro-actively give the attending phy-
sicians recommendations about antibiotic use.

Clinical decision support system—development
A web-based clinical decision support system for empiri-
cal antibiotic therapy for adult hospitalized patients was 
developed by a multidisciplinary team. This team con-
sisted of an ID specialist, clinical microbiologists, a hos-
pital pharmacist experienced in decision support, an 
Information Technology (IT) team and a researcher.

The CDSS was iteratively developed through biweekly 
meetings between the multidisciplinary team. During 
these meetings several items were discussed. Items that 
were discussed included which and how extra informa-
tion should be provided in the system to increase the ease 
of use and limit errors, such as the CURB-65 score for 
pneumonia severity. This was done in light of the many 
residents and fellows working in our hospital. Other 
important items that were discussed were which known 
cultures should be presented in the system (all cultures 
or only recent ones, all cultures or only those relevant for 
the working diagnosis) and how recent the automatically 
extracted data should be (eGFR value and neutrophil 
value). Other discussed items were for example the for-
mulation of questions, how we could show the user the 
progression of her or his advice request, which informa-
tion should accompany the generated antibiotic advice 
and from what age the existence of pregnancy should no 
longer be asked for. Consensus was needed for optional 
and extra manual input by the physicians when using 
the CDSS, since information in the hospital information 
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system can be missing or inaccurate. For example fluctu-
ating information, such as the weight or renal function, 
may not be continuously updated and therefore be out-
dated at the time of CDSS use.

During the development of the system, different infec-
tious disease consultants were asked for feedback result-
ing in improvements in lay-out or functionality. The 
developed CDSS is based on the local antibiotic treat-
ment guidelines, which are in line with the national 
guidelines (https://​adult.​swabid.​nl). By generating patient 
specific antibiotic advices, based on relevant guidelines, 
this system makes it physicians easy to appropriately pre-
scribe antibiotics. The system takes into account all rele-
vant parameters, such as kidney function, culture history 
and pregnancy. This decreases the risk of overlooking a 
relevant parameter and increases the chance of opti-
mal antibiotic prescribing. The CDSS was based on fre-
quently occurring infections in our hospital. In addition 
we also included several infectious diseases on request 
of physicians. We performed a usability study as part of 
the development and evaluation phase [27], resulting in 
stakeholders being engaged in the further development 
and fine-tuning of the CDSS. The results of the usabil-
ity study enabled us to make the CDSS more specific 
to users’ needs (for example by adding calculators). A 
description of the usability study is given under the head-
ing ‘Clinical decision support system—evaluation’.

Clinical decision support system—evaluation
We used two steps to evaluate the CDSS before we 
implemented the system in clinical practice. During the 
first step we used a retrospective technical validation to 
confirm that the used CDSS parameters were correctly 
linked to the data in the EHR. During the second step a 
usability study was performed using realistic clinical sce-
narios to assess the interaction between the potential end 
user and the developed system.

Step 1
Flowcharts were first developed on paper and checked 
for correctness by the development team. Thereafter, the 
CDSS was built and technically and clinically tested using 
real patient data to trigger an antibiotic advice. Auto-
matically extracted data were checked on correctness 
in our EHR. All generated antibiotic recommendations 
were manually and automatically checked on correctness 
using local current guidelines and developed flowcharts.

Step 2
To improve lay-out and functionality we performed a 
usability study [27]. We used a user-based usability evalu-
ation method, where participants had to verbalize their 
thoughts during the execution of a set of specified tasks 

using the CDSS. Sessions were recorded and analyzed 
afterwards by 3 evaluators using an augmented classi-
fication scheme. The severity of the identified usability 
problems were rated and the potential impact of these 
problems on the final task outcomes was assessed.

After these tests the CDSS was made available for use, by 
providing the link to the web-based system in our hospital 
information system. An overview of the CDSS characteris-
tics, development and evaluation can be found in Table 1.

Clinical decision support system—implementation
The CDSS was demonstrated on the different clinical 
departments before implementation. During the imple-
mentation period (December 2016 until May 2017) the 
departments were visited on a regular basis to promote 
the use of the CDSS and answer questions regarding the 
system. In addition we designed medical pocket cards as 
promotional material for the system. During the imple-
mentation period, each advice that was generated by the 
CDSS was checked the same day by a clinical infectious 
disease consultant.

Data collection
To assess the performance of the CDSS during the imple-
mentation period, a data file was created with relevant 
patient data, which was automatically retrieved from our 
hospital information system. All adult patients in all clini-
cal departments of the Erasmus MC, with the exception of 
1-day admissions, using at least one antibacterial drug for 
systemic use (ATC code starting with J01) in the imple-
mentation period of the CDSS were selected. Patients that 
received only prophylactic antibiotics were excluded. The 
following antibiotic drugs were defined as prophylaxis: 
all antibiotics given for a duration of less than 48 h, cot-
rimoxazole at a dose of 480 mg and cefazolin started pre-, 
intra-, or postoperatively without another clear indication 
(manually assessed). Antibiotics given regarding a pro-
phylactic protocol, such as selective decontamination of 
the digestive tract, antibiotics for patients with neutrope-
nia, chronic obstructive pulmonary disease (COPD), and 
pheneticillin within a period of 2 years after splenectomy 
were also defined as prophylaxis. Relevant data such as 
age, sex, ward, prescribed antibiotic(s), infectious disease 
consultations and advised antibiotic(s) by the CDSS were 
automatically retrieved. For every patient for whom the 
CDSS was used, it was assessed by chart review whether 
the antibiotic(s) advised by the CDSS were (partly) fol-
lowed or not. If only one of the recommended drugs or 
a different route or dosage regimen was prescribed, this 
was categorized as partly followed. Cases of doubt were 
discussed by two of the researchers (HA and AV). Since 
not all antibiotic guidelines were present in the CDSS, we 
assessed in how many patients the system could be used. 

https://adult.swabid.nl
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In our data file with all 3349 patients that received at least 
one antibiotic drug for systemic use during the implemen-
tation period, we randomly selected 248 patients to man-
ually check whether the patients had a diagnosis for which 
the CDSS could have been used. In this proportional 
stratified random sample of 248 patients all departments 
were reflected.

The study was carried out in accordance with rel-
evant guidelines and regulations and according to the 
Dutch Medical Research in Humans Act, medical ethical 
approval was not required and patients did not need to 
provide informed consent, since their data were handled 
anonymously by the researcher.

Results
Clinical decision support system—development
Our CDSS included the following diagnoses: sepsis, 
pneumonia, urinary tract infections, fever of unknown 
origin (with suspicion of bacterial infection), meningitis, 
secondary peritonitis and liver abscess. The diagnoses 
secondary peritonitis and liver abscess were included on 
request of physicians. For each diagnosis, a flowchart to 
map relevant information for the choice and duration of 
the antibiotic was developed such as the working diagno-
sis and, for example, whether a pneumonia was commu-
nity or hospital acquired (Fig. 1). To determine the right 
dose and dosing interval, flowcharts were designed for 

different antibiotics by mapping relevant factors such as 
renal function, weight or body mass index and pregnancy 
(Fig. 2). In addition, factors such as allergies, and antibi-
otic susceptibility in the previous 6 months were incorpo-
rated in the CDSS in order to deviate from the first choice 
empiric antibiotic if necessary. The clinical decision sup-
port system was built as an interactive system, which had 
to be activated by the physician. It extracted automatically 
as much relevant patient information as possible from our 
hospital information system to which it was connected. 
Automatically extracted patient data were patient identi-
fication number, birth date, sex, admission ward, culture 
history, kidney function and absolute neutrophil count. 
To generate an appropriate antibiotic advice some infor-
mation input, which could not be automatically extracted 
from the hospital information system, was needed from 
the prescriber such as the working diagnosis.

Clinical decision support system—evaluation
Step 1. The recommendations by the CDSS were all in 
accordance with the local antibiotic guidelines. Some 
bugs in the CDSS, such as an incorrect threshold value 
and no generated advice in the end screen, were found 
with the automatic technical tests, which were corrected 
in a new version of the CDSS.

Table 1  Description and evaluation of the clinical decision support system for empirical antibiotic therapy (following the identified 
reporting criteria by Rawson et al. [8])

Description of decision support tool

Type of decision support provided Antibiotic (empirical) prescribing
Dose optimization
Duration of therapy
Route of administration

Platform on which it is provided Web-based

Infrastructure Rule-based

System development

Rationale for development Makes it easy to do right by generating patient specific antibiotic advices, based on relevant guidelines
Decreasing the risk of overlooking a relevant parameter in antibiotic prescribing
Stakeholders were involved in the development of the system with the use of a usability study. Diagnoses were 
included in the system on request of stakeholders

Previous feasibility/pilot testing A usability study was performed to assess the interaction between the system and user. With this study we also 
assessed whether the generated advices would be followed and identified potential negative outcomes/errors

Evidence supporting evaluation A usability study provides detailed insight into usability problems experienced by end-users of the system. It also 
provides insight in the causes of identified problems

How the tool is implemented A demonstration was given before implementation
The use of the CDSS was regularly promoted by visiting departments. Medical pocket cards were developed as 
promotional material for the system
An active infectious disease consultancy service system is provided in the hospital where the CDSS is imple-
mented. ID consultants were instructed to remind physicians to use the CDSS

Study design

Justification for study design Descriptive/observational study. This study design is selected to describe the use of the developed CDSS and 
adoption of its recommendations

Outcome measure selection Evaluation of the adoption of generated advices
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Work diagnosis: pneumonia

Community-
acquired? 

Hospital-
acquired?

Risk level? 

See flowchart piperacilline/
tazobactam 

In case of sepsis and uncertainty about HAP as origin of 
infection: add gentamicin iv 7mg/kg once. 

Resistance for 
piperacillin/
tazobactam ?

Consult infectious diseases 
consultant

Yes No
High Moderate Low

Fig. 1  Part of the flowchart developed for the working diagnosis pneumonia. For the complete flowchart of high and moderate risk community 
acquired pneumonia see Additional file 1: Figure S1. HAP is hospital acquired pneumonia. Risk level was assessed using the CURB-65 score

<50

Renal replacement 
therapy?

eGFR?

>=50

CVVH None

Ciprofloxacin iv

ciprofloxacin iv 
400mg twice daily

Consult infectious 
diseases consultant

eGFR
<10

eGFR
10-30

Other

Consult the 
pharmacist

estimated 
>90

eGFR?

eGFR
30-50

Pregnant/
breastfeeding?

Consult 
infectious 
diseases 

consultant

Yes No

ciprofloxacin iv 
200mg twice daily

Loading dose
ciprofloxacin iv

three times a 
day 400 mg i.v. 
for a duration of 

48 hours

ciprofloxacin iv 
400mg once 

daily 

CAPDHemodialysis

After dialysis

Fig. 2  The flowchart for ciprofloxacin iv with all relevant information that the CDSS takes into account



Page 6 of 10Akhloufi et al. BMC Medical Informatics and Decision Making          (2022) 22:127 

Lay-out. For all diagnoses, the physician has to manu-
ally fill in the working diagnosis and answer a few ques-
tions in the different predefined pathways (Fig.  3). We 
added mouse over information for items that might 
not be clear, such as what an IgE mediated allergy is or 
needed knowledge of criteria, for example severity of 
CAP. In the example shown in Fig. 3, after answering the 
question about allergy the choice of antibiotic is clear 
and should be refined by incorporating culture results. 
The appropriate antibiotic is given and the physician is 
obligated to check the antibiogram of previous cultures 
before he/she can proceed with the program (for an 
example see Additional file  1: Figure S2). Only culture 
results from the previous 6 months were presented. Anti-
biotics were preselected by the CDSS based on the work-
ing diagnosis and relevant parameters. Dosing regimen 
was refined by using the eGFR and in case of gentamicin 
using (ideal) body weight. Only eGFR values were pre-
sented with date and time of eGFR determination if 
determined less than 1 week before consulting the CDSS.

Step 2. During the usability study a total 51 usability 
problems were identified, grouped into 29 different cat-
egories. Most (n = 17/29) of the problems were cosmetic 
problems or minor problems. Eighteen (out of 29) of the 

usability categories could have an ordering error as a 
result [27]. To improve this the system was redesigned 
by enlarging information icons, introducing calculators, 
retrieving more patient information automatically from 
the hospital information system and introducing new 
options, such as the option to review the culture history 
in the final screen when an antibiotic advice is generated.

Clinical decision support system—implementation
During the implementation period of the CDSS, 3349 
patients received at least one antibiotic for systemic 
use. In the stratified random sample of 248 admitted 
patients 100 patients received at least one antibacterial 
drug as empirical antibiotic therapy for one of the diag-
nosis that are included in the CDSS, which is equivalent 
to 40.3% (CI95% [34.3,46.3]) of patients. That means that 
of the 3349 patients that received at least one antibiotic 
for systemic use, 1349 patients received this antibiotic(s) 
as empirical antibiotic therapy for one of the included 
diagnosis in the CDSS. The CDSS was used 184 times, of 
which 15 times for patients who did not have any signs 
of infection or were not admitted to the hospital (trying 
out/testing the system). Thus the system was used for 
12.5% (184-15)/1349) of patients for which it could be 

AB-Assistant
Advice antibiotic use

New request        Useful links          Log out

Working diagnosis?

Pneumonia

HAP or CAP?

HAP

Does there exist an IgE-mediated allergy for β-lactam antibiotics?

CAP

Yes No

Is patient known with relevant culture results (<6 months) showing resistance 
to Piptazobactam?

Yes No

eGFR value (ml/min)?

66 Ok

Are all questions answered correctly?

Yes, show advice

No positive culture known

Automatically extracted data

66ml/min (09/10/2019 12:54:36)

Automatically extracted data

Patient A, 26-01-1980   Female  3030090   H3Z

Fig. 3  The clinical decision support system for empirical antibiotic therapy for pneumonia. HAP is hospital acquired pneumonia. CAP is community 
acquired pneumonia. Patient data are not from an existing patient
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used. The median age of patients for which the CDSS was 
used was 64  years and 44.4% (75/169) was female. The 
CDSS was mostly consulted for the diagnosis pneumonia 
(hospital acquired and community acquired) (62/169), 
followed by urinary tract infection (58/169). The CDSS 
was mainly used by physicians working at the internal 
medicine department. All recommendations given by the 
CDSS were correct for the presumed working diagnosis.

Clinical decision support system—recommendations 
and adoption
The CDSS was used to generate antibiotic advice for clin-
ical practice for 169 patients: for 141 patients an antibi-
otic advice was given, including dose and route and for 28 
patients the advice was to consult an infectious disease 
consultant. The most commonly recommended drug for 
pneumonia was piperacillin with tazobactam and for 
urinary tract infections nitrofurantoin. In 114 patients 

(67,4%) the advice that was generated by the CDSS was 
completely (n = 91) or partly (n = 23) followed. We found 
several explanations for the deviation from the advised 
antibiotics(s) by the CDSS (Fig.  4). Some physicians 
filled in or used the system incorrectly, they for example 
tried to fit in a diagnosis or a wrong diagnosis was filled 
in. We also found that a reconsideration of the working 
diagnosis/differential diagnosis or the wish of the physi-
cian to prescribe an oral alternative instead of the advised 
intravenous antibiotic could explain the discrepancy in 
prescribed antibiotic(s) and the generated advice by the 
CDSS. The same applies to not correctly filled in aller-
gies (not manually entered or entered while no allergy 
existed), the use of the system for directed therapy 
instead of empirical therapy and the use of the system 
while a bacterial infection was absent. The 15 patients 
that were used to test/try out the CDSS did not have any 
signs of infection or were not admitted to the hospital.

Patients for which system is used
n=184*

* the system was used for 12.5 % of patients for 
which it could be used. 

Use for 
clinical 
practice
N=169

Trying out 
the system

N=15

Advice ab 
assistant 

completely 
followed 

N=91

Advice ab 
assistant 

partly 
followed
N=23*

Advice ab 
assistant not 

followed
N=54*

Not clear if 
ab assistant 

advice is 
followed 

N=1

Physician did not prescribe one of the adviced 
antibiotics n= 81

Prescribed another daily dose n=8
Prescribed one more antibiotic n=72

Prescribed in another route n=3

* 3 patiënts fall under 2 different categories. 
1The advised antibiotics that were not prescribed were 
gentamicin (6/8), metronidazole (1/8) or gentamicin 

and metronidazole (1/8).
2The extra antibiotic or medication that was given 
were clavulanic acid (n=5) and gentamicin (n=2).

Prescribed another antibiotic= 19
Filled in or used system incorrectly n=27
Physician did not follow advice to consult 

infectious disease consultant= 8
Prescribed in another route n=1

* 1 patient falls under 2 different categories.

Fig. 4  Use of the CDSS and adoption of its recommendations
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Discussion
We have developed, validated and implemented a CDSS 
to assist and improve empirical antibiotic choices in adult 
hospitalized patients. In line with the proposed system-
atic framework by Rawson et al. [8], this study describes 
the development and validation of a CDSS for empirical 
antibiotic therapy and shows the usefulness of a system-
atic framework for reporting CDSS interventions. The 
CDSS was mostly consulted for the diagnosis pneumo-
nia, and urinary tract infection. The advice of the CDSS 
was 100% correct given the data that were filled in. In 
67.4% the advice that was generated by the CDSS was 
followed (completely or partly). For cases in which the 
CDSS advice was not followed by the physician, half of 
them filled in or used the system incorrectly. A CDSS for 
empirical antibiotic therapy has the potential to increase 
guideline adherent therapy. However, CDSS recom-
mendations are not always adhered to and this could be 
explained mostly by incorrect use of the system.

This study is, to our knowledge, the first study that uses 
systematic approach, in which the development, valida-
tion and implementation of a CDSS for empirical antibi-
otic therapy are described in detail. The used reporting 
framework provides a structured overview of many 
important aspects of a CDSS intervention. It gives an 
understanding of the rationale for why and how a CDSS 
was developed and how its effectiveness was evaluated 
[26, 28]. Following this framework ensures reporting on 
these different aspects and when applied also by others 
will enable a more easy comparison between the differ-
ent CDSSs. Several important aspects are not included 
in this framework, such as: the composition of the team 
that developed the CDSS, type of CDSS (active or a pas-
sive), guidelines on which the CDSS is based, rationale 
for using these guidelines, commercial or noncommercial 
CDSS, setting for which the CDSS was developed. We 
propose that these key components should also be con-
sidered when reporting on CDSS interventions.

In the implementation domain we found that a fac-
tor that compromised the potential of the CDSS is that 
not all recommendations were followed. Because in half 
of these non-followed recommendations the system was 
filled in or used incorrectly, training in its use is recom-
mended. During this training attention can be given to 
assessing the relevance of previous cultures, because this 
can be difficult. Physicians could have been testing/trying 
out the system using data of the admitted patients with 
signs of infection. For this reason it is recommended to 
provide test patients, specially created for this purpose. 
Incorrect use of the system was because physicians for 
example tried to fit in a diagnosis. In the development 
phase we decided to include the most common infections 
in our CDSS. Such an approach has also been applied in 

another study in which a need for assistance with empiri-
cal antibiotic choices when less common infections were 
present was expressed [14]. In this study the following 
foci of infection were included: blood, wound, lower res-
piratory tract, abscess and urinary tract. In our and their 
study the most common diagnosis for which the CDSS 
was used was respiratory tract infection. The inclusion of 
more diagnoses is recommended to tackle the problem of 
incorrect use of the system because physicians try to fit 
in a diagnosis. However, the choice of diagnoses accom-
panied by an antibiotic advice should be in balance with 
the amount of work associated with the inclusion of the 
specific infection and use of the system for these extra 
infections.

A similar non-adherence to CDSS recommendations 
has been described before [20], [29]. However a wide 
range in adherence to CDSS recommendations has been 
reported [22], which may be explained by differences in 
CDSS usability, type of CDSS recommendation (fine-tun-
ing or a complete antibiotic advice), local hospital envi-
ronment and culture [30]. CDSS may be more effective 
when the advice is provided automatically, more patient 
specific and when it is combined with other interven-
tions [31]. Other explanations for not following CDSS 
recommendations are the complexity of patient cases, 
other infectious disease diagnoses that present similarly 
or a reconsideration of the working diagnosis [18]. In our 
study, the wish of physicians to prescribe an oral alter-
native and/or reconsideration of the working diagnosis 
were also reasons for not following the CDSS recom-
mendation. Monitoring reasons to deviate from CDSS 
recommendations is important to further optimize (the 
implementation of ) a CDSS.

Despite the development by a multidisciplinary team 
with involvement of the end-user using a usability study, 
subsequent improvement of the system, the system being 
easy to use and promotion of use in clinical practice, the 
system was used in only 12.5% of patients for which it 
could have been used. For this low use different explana-
tions exist, such as users not being convinced of the valid-
ity (correctness and completeness) of the information 
provided by the system and the fear of compromising 
their professional autonomy. Also the attitude of physi-
cians towards existing guidelines/quality of evidence on 
which the CDSS is based may play a role, which in our 
case differed for several aspects of the recommendations 
[30, 32]. To tackle these barriers we have included all rel-
evant sources of information in the CDSS, included the 
option to override automatically generated parameters 
on which the final antibiotic advice would be based and 
asked for manual input of data by the physician. Another 
explanation for the low use of the CDSS, which is more 
likely, is that it is a passive and new system. At the 
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moment of empirical antibiotic prescribing, physicians 
had to realize that a CDSS could assist them. A reminder 
in the CPOE and direct access from the CPOE (fitting in 
the work process) could be an option to improve CDSS 
use. The change of antibiotic prescribing habits and 
culture could also have been a barrier to the use of the 
CDSS. Related to this is the availability of an active ID 
consultation service system in our hospital, which the 
attending physicians are used to consult. The 6-month 
time period may also have been too short to improve use/
uptake of the CDSS, since it seems that continued use of 
these systems improves their acceptance [18, 29, 33–35]. 
To gain insight in the specific barriers to CDSS use in our 
hospital further research is useful.

A strength of this study is that the CDSS was operated by 
the physicians themselves, which gives insight in their use 
of this CDSS after implementation and in the acceptance 
of the recommendations. In many studies regarding CDSS 
for empirical antibiotic prescription, the system was not 
used by the end-users, the attending physicians, who are the 
most frequent antibiotic drug prescribers [13, 15, 16, 20]. 
Although these studies have shown improvements in anti-
biotic prescribing, possible problems related to implementa-
tion and use of the system by physicians were not taken into 
account. Therefore, it is not clear whether these results can 
be repeated in a “real clinical setting” that we used. Another 
strength of this study is that a report is given on how stake-
holders were involved before implementation to justify 
intervention design. Very few studies on CDSS report pre-
deployment stakeholder analysis [8]. Other developed CDSS 
for empirical antibiotic therapy were tested in a limited 
number of departments [13, 17, 18], or only in hospitalized 
patients with bloodstream infection [16, 36] or pneumonia 
[18, 37]. Our CDSS was implemented in a tertiary hospital 
with a wide variation of departments, which has the risk of 
less focus on departments or diseases in which antibiotics 
are used most frequently. However, by targeting a broader 
population of physicians more use can be expected. In addi-
tion, physicians who prescribe less antibiotics benefit more 
from being assisted with antibiotic choices using this sys-
tem, because of less experience in prescribing this medi-
cines. For this reason we feel it is important to also include 
these prescribers.

A recently published study describes the develop-
ment and implementation of a similar CDSS [35]. How-
ever, this CDSS is developed for primary care and is not 
linked to a hospital information system. This system is a 
less advanced system, which is not able to automatically 
extract data which makes the recommendations less indi-
vidualized and accurate. In addition, it is not clear how 
often the system could have been used and what the real 
uptake of recommendations is, because details of antibi-
otic prescriptions were not collected (35).

Conclusions
In conclusion, we developed a CDSS for empirical anti-
biotic therapy for adult hospitalized patients and gave a 
description of its development, validation and imple-
mentation. We have shown the usefulness of a systematic 
framework for reporting CDSS interventions. In addi-
tion, our data indicate that CDSS recommendations are 
not always adhered to and incorrect use of the system 
plays an important role in this.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12911-​022-​01860-3.

Additional file 1. The resistance viewer in the CDSS for empirical antibi-
otic therapy.

Acknowledgements
We thank Arjen van Vliet, Bart Dannis and Michiel Smet who helped develop-
ing the CDSS algorithm. We thank Suzanne Verhaegh, Rienna Oosterom and 
Martijn Sobels for their help with promotional information in the Erasmus MC 
newsletters.

Author contributions
HA, HS, DCM, CPH, MV, JWM and AV contributed to the study conception and 
design. Material preparation, data collection and analysis were performed by 
HA, HS, CPH, MV and AV. The first draft of the manuscript was written by HA 
and HS, DCM, CPH, MV, JWM and AV commented on previous versions of the 
manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by the Netherlands Organization for Health Research 
and Development (ZonMW) (Grant No. 836021021).

Availability of data and materials
Data will be available from the corresponding author H. Akhloufi (h.akhloufi@
erasmusmc.nl) on reasonable request.

Declarations

Ethics approval and consent to participate
According to the Dutch Medical Research in Humans Act, medical ethical 
approval was not required and patients did not need to provide informed 
consent, since their data were handled anonymously by the researcher 
[MEC-2016-101].

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Medical Microbiology and Infectious Diseases, Erasmus MC 
University Medical Center, PO Box 2040, 3000 CA Rotterdam, The Netherlands. 
2 Department of Internal Medicine, Division of Infectious Diseases, Erasmus 
MC University Medical Center, Rotterdam, The Netherlands. 3 Department 
of Hospital Pharmacy, Erasmus MC University Medical Center, Rotterdam, The 
Netherlands. 

Received: 1 March 2021   Accepted: 17 January 2022

https://doi.org/10.1186/s12911-022-01860-3
https://doi.org/10.1186/s12911-022-01860-3


Page 10 of 10Akhloufi et al. BMC Medical Informatics and Decision Making          (2022) 22:127 

References
	1.	 CDC. Core Elements of Hospital Antibiotic Stewardship Programs: CDC; 

2014. https://​www.​cdc.​gov/​getsm​art/​healt​hcare/​imple​menta​tion/​core-​
eleme​nts.​html

	2.	 Dyar OJ, Huttner B, Schouten J, Pulcini C. Esgap. What is antimicrobial stew-
ardship? Clin Microbiol Infect. 2017;23(11):793–8.

	3.	 Howard P, Pulcini C, on behalf of the ESCMID Study Group for Antimicrobial 
Policies (ESGAP) and ISC Group on Antimicrobial Stewardship, et al. An inter-
national cross-sectional survey of antimicrobial stewardship programmes in 
hospitals. J Antimicrob Chemother. 2014;70(4):1245–55.

	4.	 Dellit TH, Owens RC, McGowan JE, Gerding DN, Weinstein RA, Burke JP, et al. 
Infectious Diseases Society of America and the Society for Healthcare Epide-
miology of America guidelines for developing an institutional program to 
enhance antimicrobial stewardship. Clin Infect Dis. 2007;44(2):159–77.

	5.	 Schuts EC, Hulscher M, Mouton JW, Verduin CM, Stuart J, Overdiek H, et al. 
Current evidence on hospital antimicrobial stewardship objectives: a 
systematic review and meta-analysis. Lancet Infect Dis. 2016;16(7):847–56.

	6.	 van den Bosch CMA, Geerlings SE, Natsch S, Prins JM, Hulscher MEJL, Perl 
TM. Quality indicators to measure appropriate antibiotic use in hospitalized 
adults. Clin Infect Dis. 2014;60(2):281–91.

	7.	 Bero LA, Grilli R, Grimshaw JM, Harvey E, Oxman AD, Thomson MA. Closing 
the gap between research and practice: an overview of systematic reviews 
of interventions to promote the implementation of research findings. The 
Cochrane Effective Practice and Organization of Care Review Group. BMJ. 
1998;317(7156):465–8.

	8.	 Rawson TM, Moore LSP, Hernandez B, Charani E, Castro-Sanchez E, Her-
rero P, et al. A systematic review of clinical decision support systems for 
antimicrobial management: are we failing to investigate these interventions 
appropriately? Clin Microbiol Infect. 2017;23(8):524–32.

	9.	 Kawamoto K, Houlihan CA, Balas EA, Lobach DF. Improving clinical practice 
using clinical decision support systems: a systematic review of trials to 
identify features critical to success. BMJ. 2005;330(7494):765.

	10.	 Garg AX, Adhikari NK, McDonald H, Rosas-Arellano MP, Devereaux PJ, 
Beyene J, et al. Effects of computerized clinical decision support systems on 
practitioner performance and patient outcomes: a systematic review. JAMA. 
2005;293(10):1223–38.

	11.	 Le Coz P, Carlet J, Roblot F, Pulcini C. Human resources needed to perform 
antimicrobial stewardship teams’ activities in French hospitals. Med Mal 
Infect. 2016;46(4):200–6.

	12.	 Ten Oever J, Harmsen M, Schouten J, Ouwens M, van der Linden PD, Verduin 
CM, et al. Human resources required for antimicrobial stewardship teams: a 
Dutch consensus report. Clin Microbiol Infect. 2018;24(12):1273–9.

	13.	 Leibovici L, Gitelman V, Yehezkelli Y, Poznanski O, Milo G, Paul M, et al. 
Improving empirical antibiotic treatment: prospective, nonintervention 
testing of a decision support system. J Intern Med. 1997;242(5):395–400.

	14.	 Evans RS, Classen DC, Pestotnik SL, Lundsgaarde HP, Burke JP. Improving 
empiric antibiotic selection using computer decision support. Arch Intern 
Med. 1994;154(8):878–84.

	15.	 Warner Jr H, Reimer L, Suvinier D, Li L, Nelson M. Modeling empiric antibiotic 
therapy evaluation of QID. Proc AMIA Symp. 1999:440–4.

	16.	 Mullett CJ, Thomas JG, Smith CL, Sarwari AR, Khakoo RA. Computerized 
antimicrobial decision support: an offline evaluation of a database-driven 
empiric antimicrobial guidance program in hospitalized patients with a 
bloodstream infection. Int J Med Inform. 2004;73(5):455–60.

	17.	 Paul M, Andreassen S, Tacconelli E, Nielsen AD, Almanasreh N, Frank U, et al. 
Improving empirical antibiotic treatment using TREAT, a computerized 
decision support system: cluster randomized trial. J Antimicrob Chemother. 
2006;58(6):1238–45.

	18.	 Jones BE, Collingridge DS, Vines CG, Post H, Holmen J, Allen TL, et al. CDS in 
a learning health care system: identifying physicians’ reasons for rejection 
of best-practice recommendations in pneumonia through computerized 
clinical decision support. Appl Clin Inform. 2019;10(1):1–9.

	19.	 Sintchenko V, Coiera E, Iredell JR, Gilbert GL. Comparative impact of 
guidelines, clinical data, and decision support on prescribing decisions: an 
interactive web experiment with simulated cases. J Am Med Inform Assoc. 
2004;11(1):71–7.

	20.	 Stevenson KB, Barbera J, Moore JW, Samore MH, Houck P. Understanding 
keys to successful implementation of electronic decision support in rural 
hospitals: analysis of a pilot study for antimicrobial prescribing. Am J Med 
Qual. 2005;20(6):313–8.

	21.	 Hum RS, Cato K, Sheehan B, Patel S, Duchon J, DeLaMora P, et al. Develop-
ing clinical decision support within a commercial electronic health record 
system to improve antimicrobial prescribing in the neonatal ICU. Appl Clin 
Inform. 2014;5(2):368–87.

	22.	 Rittmann B, Stevens MP. Clinical decision support systems and their 
role in antibiotic stewardship: a systematic review. Curr Infect Dis Rep. 
2019;21(8):29.

	23.	 Gulliford MC, Juszczyk D, Prevost AT, Soames J, McDermott L, Sultana K, et al. 
Electronically delivered interventions to reduce antibiotic prescribing for 
respiratory infections in primary care: cluster RCT using electronic health 
records and cohort study. Health Technol Assess. 2019;23(11):1–70.

	24.	 Carracedo-Martinez E, Gonzalez-Gonzalez C, Teixeira-Rodrigues A, Prego-
Dominguez J, Takkouche B, Herdeiro MT, et al. Computerized clinical deci-
sion support systems and antibiotic prescribing: a systematic review and 
meta-analysis. Clin Ther. 2019;41(3):552–81.

	25.	 Van de Velde S, Kunnamo I, Roshanov P, Kortteisto T, Aertgeerts B, Vandvik 
PO, et al. The GUIDES checklist: development of a tool to improve the 
successful use of guideline-based computerised clinical decision support. 
Implement Sci. 2018;13(1):86.

	26.	 Onken LS, Carroll KM, Shoham V, Cuthbert BN, Riddle M. Reenvisioning clini-
cal science: unifying the discipline to improve the public health. Clin Psychol 
Sci. 2014;2(1):22–34.

	27.	 Akhloufi H, Verhaegh SJC, Jaspers MWM, Melles DC, van der Sijs H, Verbon 
A. A usability study to improve a clinical decision support system for the 
prescription of antibiotic drugs. PLoS ONE. 2019;14(9): e0223073.

	28.	 Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M, et al. Devel-
oping and evaluating complex interventions: the new Medical Research 
Council guidance. BMJ. 2008;337: a1655.

	29.	 Chow AL, Ang A, Chow CZ, Ng TM, Teng C, Ling LM, et al. Implementation 
hurdles of an interactive, integrated, point-of-care computerised decision 
support system for hospital antibiotic prescription. Int J Antimicrob Agents. 
2016;47(2):132–9.

	30.	 Liberati EG, Ruggiero F, Galuppo L, Gorli M, González-Lorenzo M, Maraldi M, 
et al. What hinders the uptake of computerized decision support systems 
in hospitals? A qualitative study and framework for implementation. Imple-
ment Sci. 2017;12(1):113.

	31.	 Van de Velde S, Heselmans A, Delvaux N, Brandt L, Marco-Ruiz L, Spitaels D, 
et al. A systematic review of trials evaluating success factors of interventions 
with computerised clinical decision support. Implement Sci. 2018;13(1):114.

	32.	 Cresswell KM, Bates DW, Sheikh A. Ten key considerations for the successful 
implementation and adoption of large-scale health information technology. 
J Am Med Inform Assoc. 2013;20(e1):e9–13.

	33.	 Buenestado D, Elorz J, Pérez-Yarza EG, Iruetaguena A, Segundo U, Barrena R, 
et al. Evaluating acceptance and user experience of a guideline-based clini-
cal decision support system execution platform. J Med Syst. 2013;37(2):9910.

	34.	 Grout RW, Cheng ER, Carroll AE, Bauer NS, Downs SM. A six-year repeated 
evaluation of computerized clinical decision support system user accept-
ability. Int J Med Inform. 2018;112:74–81.

	35.	 Delory T, Jeanmougin P, Lariven S, Aubert JP, Peiffer-Smadja N, Boëlle 
PY, et al. A computerized decision support system (CDSS) for antibiotic 
prescription in primary care-Antibioclic: implementation, adoption and 
sustainable use in the era of extended antimicrobial resistance. J Antimicrob 
Chemother. 2020;75(8):2353–62.

	36	 MacFadden DR, Coburn B, Shah N, Robicsek A, Savage R, Elligsen M, et al. 
Decision-support models for empiric antibiotic selection in Gram-negative 
bloodstream infections. Clin Microbiol Infect. 2019;25(1):108e1–7.

	37.	 Mostaghim M, Snelling T, McMullan B, Ewe YH, Bajorek B. Impact of clinical 
decision support on empirical antibiotic prescribing for children with com-
munity-acquired pneumonia. J Paediatr Child Health. 2019;55(3):305–11.

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

https://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
https://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html

	The development and implementation of a guideline-based clinical decision support system to improve empirical antibiotic prescribing
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Setting
	Clinical decision support system—development
	Clinical decision support system—evaluation
	Step 1
	Step 2

	Clinical decision support system—implementation
	Data collection

	Results
	Clinical decision support system—development
	Clinical decision support system—evaluation
	Clinical decision support system—implementation
	Clinical decision support system—recommendations and adoption

	Discussion
	Conclusions
	Acknowledgements
	References


