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• Anonymous poll system

WIFI:  
Join the poll via 
PollEv.com/isabelspriet326

Interactive workshop



• Understand the added-value of CMA within clinical pharmacy services

• Understand how to set up a CMA program in your own hospital

• Understand how to integrate quality indicators for ABS in CMA

• Identify what the added value could be of CMA for ABS next to bedside
clinical pharmacy, initiatives of ID specialists and microbiologists and 
follow-up of the A-team

Learning objectives
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Introduction

Clinical pharmacy in general

Clinical pharmacy in Belgium & the set-up of back office CMA

CMA: what’s in a name?



A “momentum” for the startup of clinical pharmacy

• Institute of Medicine, 1999
• 44,000-98,000 deaths/yr
• Medical errors – 8th leading

cause of death in the US

• Makary & Daniel, BMJ 2016
• Medical errors – 3th leading

cause of death in the US

Key element to improve quality
of care: optimization of patients’ 

pharmacotherapy



Wall Street Journal

Five steps to make hospitals less deadly

James Lieber – 17/05/2016

https://www.wsj.com/articles/how-
to-make-hospitals-less-deadly-
1463526075

A “momentum” for the startup of clinical pharmacy

https://www.wsj.com/articles/how-to-make-hospitals-less-deadly-1463526075


A “momentum” for clinical pharmacy

Other strategies to prevent ADE
• Digitalization with EHR including electronic 

prescribing
• Integration of clinical decision support 

systems
• Bedside scanning
• Unit based dosing

• Implementation of clinical pharmacy 
activities



• USA/Canada/UK/Australia…:
• Bedside clinical pharmacy 

implemented on all wards 
since the ’80s

• Development of clinical 
pharmacy services in Europe 
since 2000

Traditional hospital pharmacy

Drug-oriented services

Patient-oriented services

Shift in the role of the hospital pharmacist



• Active contribution of clinical 
pharmacists to the development 
and implementation of CDSS

• CDSS - basic
• (Drug-drug) interactions
• Maximum doses
• Drug use during pregnancy/lactation
• Therapeutic duplication
• Drug allergy

Medication safety & clinical pharmacy in Belgium: a) CDSS



• Limitations:
• Information overload due to lack of specificity à alert fatigue

• DDI: fixed screenings-interval (-7/+7d) + non-specific recommendations
• Limited digital communication between different information systems à

CDSS still basic

à Prescribing physician’s satisfaction is only moderate to low

Medication safety & clinical pharmacy in Belgium: a) CDSS



• Bedside clinical pharmacy
• Partially funded by the Belgian government

• “Front-office services”
• Attending ward rounds
• Medication reconcilliation on admission
• Medication review
• Medication counseling at discharge
• Projects focusing on high-risk drugs, DDI, antibiotic stewardship… 

Medication safety & clinical pharmacy in Belgium: b) bedside clinical pharmacy



• FTE hospital pharmacists/ 100 beds

17.9
0.9

(0.24 (Bosnia) – 4.35 (UK)) 1.2

Frontini et al. Eur J Hosp Pharm 2012;19:385-7 

à Implementation of bedside CP only on ”high risk”-wards
à CDSS & limited bedside CP do not cover all medication-related problems/risks

Medication safety & clinical pharmacy in Belgium: b) bedside clinical pharmacy



Check of Medication Appropriateness 
(CMA)

Screening of patients at risk for 
potentially inappropriate medications 
(PIM) by clinical rules – validation by 

clinical pharmacist

Bedside clinical
pharmacy services

Clinical Decision
Support Systems

Back-office clinical 
validation

Back-office clinical pharmacy

Medication safety & clinical pharmacy in Belgium: c) set-up of CMA



Target group:

1. For all patients at risk for potentially inappropriate medication 
(PIM)

2. Evaluation at any time during hospitalization

3. Evaluation independently of drug dispensing

Back-office clinical pharmacy
• Triggered by digitalization (EHR, CPOE, CDSS)
• Stimulated by hospital accreditation (JCI)
• ‘Low’ staff investment
• Centralized service

Bedside clinical
pharmacy services

Clinical Decision
Support Systems

Back-office clinical 
validation

Medication safety & clinical pharmacy in Belgium: c) set-up of CMA
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Method:

Risk analysis to 
identify high risk 

prescriptions

Formulating clinical 
rules (queries) to 

screen for high risk 
prescriptions

Daily screening of 
all prescriptions 

generating a 
worklist

Validation of the 
worklist by trained 
clinical pharmacists 
using standardized 

algorithms

Interventions via 
electronic alerts or 

phone calls

Based on maximum 
integration of 
structured data from 
patient file 

CMA: what’s in a name?



CMA: what’s in a name?

Example: screening for incorrect dosing of edoxaban

Clinical rule alert 
criteria

Data source

Prescription for 
edoxaban 60 mg q24h

Weight:
< 60 kg

Patient’s 
characteristicsCPOE

Renal function:
CrCl = 15-50 ml/min 

Lab results

OR

Formulating 
advanced clinical 
rules to screen for 
high risk patients

Risk analysis to 
identify patients 

at risk for PIM

CrCl: creatinine clearance



CMA: what’s in a name?

Example: screening for incorrect dosing of edoxaban

Daily hospital-
wide screening of 
all EHR generating 

a worklist

Based on maximum 
integration of 
structured data from 
EHR

Prescription for edoxaban
60 mg CrCl = 15-50 ml/min

= Worklist of < 3 lines/day to be checked by a hospital pharmacist

30 prescriptions/day for
edoxaban > 1000 CrCl analyses daily



CMA: what’s in a name?

Example: screening for incorrect dosing of edoxaban

Daily hospital-
wide screening of 
all EHR generating 

a worklist



CMA: what’s in a name?

Example: screening for incorrect dosing of edoxaban

Validation by 
trained clinical 

pharmacists using 
standardized 

flowcharts



CMA: what’s in a name?

• Intervention: call + electronic alert

Example: screening for incorrect dosing of edoxaban

Interventions via 
electronic alerts 
or phone calls



CMA: what’s in a name?

Advanced 
clinical rules

Appropriate
pharmaco-

therapy

• Screen for:
• Drug-related biochemical changes

• Untreated indications or overtreatment

• Adverse drug events

• Adherence to guidelines

• Drug-drug interactions

• Dose adjustments

• Implementation of TDM

Back office clinical validation



CMA: what’s in a name?

Advanced 
clinical rules

Appropriate 
Pharmaco-

therapy

*4 classes of drugs cause the majority of ADEs: 
analgesics, antimicrobials, anticoagulants & 

cardiovascular agents  Antibiotic Stewardship (ABS)

Anticoagulant Stewardship (ACS)

Post surgical pain therapy (PSP)

Varia
DDI Drug-related

biochemical changes 

Evans RS, et al. Ann Pharmacother 2005.
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Antibiotic stewardship & quality indicators

Antibiotic stewardship in the University Hospitals Leuven

Quality indicators

CMA-ABS care bundle
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• Antibiotic policy teams/ 
stewardship teams are 
obliged and financially 
supported in Belgium by 
the government

• Stewardship initiatives are 
followed up via an annual 
report



Antibiotic stewardship in the University
Hospitals Leuven

• Antibiotic policy team  (“A-team”)
• Local guidelines
• National guidelines
• Follow-up of consumption and resistance

data
• Newsletters, poster campaigns, …

• MID meetings (ICU, BJI, PJI, pediatrics, 
pulmonology, …)

• ID and microbiology consultations
• Specialized physicians and pharmacists

à Daily check of prescriptions in CMA might
contribute to ABS 1Barlam TF, et al. Clin Infect Dis 2016.

2CDC. Core elements of hospital antibiotic stewardship programs 2014.

ABS in the University Hospitals Leuven



CMA ABS

Development by A-team, pharmacists & IT department
1. Literature review

2. Definition of clinical rules
3. Translation of clinical rules into queries

4. Implementation in clinical practice
5. Follow-up of acceptance rate

CMA-ABS in the University Hospitals Leuven



CDC Checklist for ABS

On institutional level
Very general













• Summary of all potential
elements contributing to ABS

• Discussion in A-team
• Evaluation if we had these in place
• Evaluation if and how CMA could

contribute

1. Literature review
2. Definition of clinical rules
3. Translation of clinical rules into queries
4. Implementation in clinical practice
5. Follow-up of acceptance rate



What can the computer do for ABS?

How to start?

Examples and Results

Strengths and limitations



Approval by the hospital direction & support in strategic 
decisions

How to start? - Requirements

Clinical input - to define the clinical rules

Collaboration with IT – to translate the clinical rules into 
queries

Follow-up of service - registration, audit, feedback, …



• Hospital Board
• Approval of new service
• Hospital wide communication on start of new service – newsletter

• Pharmaceutical and Therapeutics (P&T) Committee
• Identifying high risk prescriptions
• Validation of algorithms

• Ethical approval
• Full access to EHR 

• Relevant national professional associations
• Partner Hospitals

How to start? - Hospital direction/strategic decisions



• Human resources:
• How many FTE will be provided for backoffice clinical validation?
• How many FTE will be provided for the coordination of CMA (literature review, 

development of clinical rules, contact with IT, implementation, training of clinical 
pharmacists, data analysis, …)?  

• “Facilitated” by accreditation:
• JCI
• NIAZ Qmentum

• Specific section on ABS in latest JCI requirements

How to start? - Hospital direction/strategic decisions





• Before or regardless of drug dispensing?

CMA before drug 
dispensing Independent services

Validation of drugs 
before dispensing

- Deadline stress
- Low performance
- Missing decentralized

drug dispensing

Administration of 
drugs before 

validation

- High performance
- Check decentralized  

drug dispensing

How to start? - Hospital direction/strategic decisions



Front-office 
bedside clinical

pharmacy
Patient Safety 

Incident 
Reports

Literature
& 

guidelines

Defining advanced clinical rules

How to start? - Clinical input

Expert opinion: A-
team, P&T 
committee



Case:
• Female, 84 y, 52 kg
• Admission at geriatric dpt.
• Diagnosis: UTI & delirium
• Medical history: Afib, DMII,

Chronic Renal Insufficiency (CKD-EPI 22 
mL/min.1.73m2)

• Culture results:
o UC: E.coli: S/ levofloxacin, amoxiclav
o Stool: Clostridium difficile +

Prescribed medication

Amoxiclav PO 875/125 mg  q8h

Apixaban PO 5 mg  q12h
Zolpidem PO 10 mg q24h
Metformin PO 850 mg q8h
Paracetamol IV 1g  q6h
Carbamazapine PO 200 mg  q12h

How to start? - Clinical input – definition of the clinical rules





A. What is the standard posology used for a specific indication?
• Amoxicillin/clavulanic acid

• UTI: e.g. ESCMID guidelines(1)

• Apixaban
• Afib: e.g. ESC guidelines(2,3)

• Standard dosing Afib: 2x 5 mg
• Posology based on indication, weight, renal function and age

(1) Gupta K, et al. Clin Infect Dis 2011:52(5):e103-120.
(2) Kirchhof P, et al. Eur Heart Journal 2016:37(38):2893-296.

(3) Heidbuchek H, et al. Eurospace 2015:17:1467-1507.

How to start? - Clinical consensus on…



B. How should doses be adjusted in renal insufficiency?
• Amoxicillin/clavulanic acid
• Apixaban(1) 

• Metformin(2)

• Guidelines: 
• Renal Drug Handbook(2)

• Clinicalpharmacology.com
• Summary of product characteristics (SmPC)

(1) Heidbuchek H, et al. Eurospace 2015:17:1467-1507.
(2) ADA: Standards of Medical Care in Diabetes; 2016.

(3) Ashley C., et al. Aust Prescr. 2015;38(2).

How to start? - Clinical consensus on…



C. How will we deal with severe DDIs?
• Apixaban + carbamazepine(1) 

• CYP3A4 substrate + CYP inducer
• Decrease in serum concentration of apixaban

• Effect on apixaban plasma level (AUC): - 54%

• Interaction databases:
• e.g. UpToDate.com (Lexicomp®), Clinicalpharmacology.com

(1) Heidbuchek H, et al. Eurospace 2015:17:1467-1507.

How to start? - Clinical consensus on…



D. IV-ORAL switch
• Paracetamol IV?

• Which drugs are considered bio-equivalent?
• Which criteria should be fulfilled before IV to oral switch is

recommended? 
• Absence of swallowing problems
• Normal GI motility
• Intake of other oral medication
• Lack of anti-emetic drugs
• …

How to start? - Clinical consensus on…



E. Will we also screen for untreated indications?
• Clostridium difficile infection (CDI)

• IDSA guidelines(1), ESCMID guidelines (2)

• Diagnosis: presence of symptoms (diarrhea)+ stool test positive for
toxins

(1) Clifford McDonald L, et al. Clin Infect Dis 2018.
(2) Tschudin-Sutter S, et al. Clin Microbiol Inf 2018.

How to start? - Clinical consensus on…



F. How should we deal with previously reported allergies?
• Penicillin allergy?

(1) Kirchhof P, et al. Eur Heart Journal 2016:37(38):2893-296.
(2) Ashley C., et al. Aust Prescr. 2015;38(2).

How to start? - Clinical consensus on…



G. Choice of antibiotics per specific indication
• UTI

• FQ vs. amoxiclav? 

• Guidelines? 
• Local guidelines
• ESCMID guidelines

(1) Gupta K, et al. Clin Infect Dis 2011:52(5):e103-120.

How to start? - Clinical consensus on…



• Absolute requirement in the setup of 
backoffice CMA: 

• Basic requirements
• Medical electronic patient record 
• Electronic prescribing system

• Additional tools
• Clinical Decision Support Systems (CDSS)

• Programming of CMA
• Translation of clinical rules into queries
• Preferably:  “all-in-one system”:  queries, 

worklist, electronic notes, acceptance rate…

How to start? - Close collaboration with IT





• Education of clinical pharmacists
• Start-up training for all pharmacists
• Continuous learning and retraining of new 

guidelines
• E-learning modules 

• > 20 pharmacists are participating in CMAà
inter-pharmacist variability?
è Interrater reliability

How to start? - Implementation of service



• Registration of interventions & acceptance rate
• Traceability
• Continuous documentation of impact of CMA

• Hospital Board
• Accreditation

• Evaluation & optimization

How to start? – Follow-up of service



“CMA-ABS care bundle”
• Set of 39 clinical rules – grouped per indicator listed in the IDSA 

guidelines
Indicator 1 ~ Start antimicrobial therapy in accordance with local practical guidelines
E.g. restrictive use high dose meropenem, linezolid, colistin, thiamphenicol, fidaxo, …
Indicator 2 ~ Deprescribing of broad spectrum antibiotic therapy
E.g. de-escalation of meropenem
Indicator 3 ~ Antimicrobial dose adjustments based on renal function
Indicator 4 ~ IV to oral switch for bio-equivalent antimicrobial drugs
Bio-equivalent antimicrobial drugs: moxifloxacin, clarithromycin, clindamycin, cotrimoxazole, rifampin,
levofloxacin, linezolid, fluconazole, metronidazole, ornidazole.
Indicator 5 ~ Therapeutic Drug Monitoring (TDM)
E.g. do TDM vanco, vori, posa, …
Indicator 6 ~ Check for biochemical changes related to antimicrobial drug use
E.g. K < 3.5 mmol/L and treatment with piperacillin/tazobactam
E.g. HAGMA and treatment with high-dose flucloxacillin
Indicator 7 ~ Check for drug-drug interactions with antimicrobials
E.g. combined use of itraconazole capsules and AST
E.g. interactions with rifampin

1Barlam TF, et al. Clin Infect Dis 2016.



Translating clinical rules into queries: examples

Clinical rule alert 
criteria

Data source

Prescription for  
vancomycin (at least 48h)

CPOE

No TDM for vancomycin 
concentration

Lab results

TDM antibiotics

Example: screening for absence of blood monitoring for vancomycin 



Clinical rule alert 
criteria

Data source

Prescription for 
piperacillin 
tazobactam

Absence of oral or IV 
potassium

supplementation

CPOECPOE

Hypokalemia
(K* < 3 mmol/L)

Lab results

Example: screening for hypokalemia in patients treated with 
piptazo

Translating clinical rules into queries: examples 

Drug related biochemical
changes



Clinical rule alert 
criteria

Data source

Prescription for 
meropenem

Absence of other
culture results,  

neutropenic fever or 
CF

Lab results, isolation 
code or CF care 

pathway
CPOE

Culture results:  
Enterobacteriaceae

susceptible for
cefotaxim, 

ceftriaxone, 
ceftazidim, temocillin, 

pip-tazo

Lab results

Example: screening for potential de-escalation of meropenem

Translating clinical rules into queries: examples 

De-escalation of broad 
spectrum antibiotics



Clinical rule alert 
criteria

Data source

Prescription for high 
dose flucloxacillin

Metabolic acidosis 
(based on pH; AG; 

lactate)

Lab resultsCPOE

Prescription for high 
dose paracetamol

CPOE

Example: screening for HAGMA induced by flucloxacillin

Translating clinical rules into queries: examples 

Drug related biochemical
changes



Preliminary results

November 2018 – July 2019 (10 months)

Pharmacotherapeutic
bundle

Number of clinical 
rules implemented

Number of
alerts

Actions provided 
by pharmacists

Acceptance rate 
by physicians

ABS 36/39 4 363 776 72,91 %
ACS 9 4 835 634 68,64 %
PSP 13 10 737 1 093 72,50 %
Varia 8 10 871 1 083 71,36 %

Total 66 30 806 3 586 71,57 %

17,8%



CMA - strenghts

• Patient-oriented hospital-wide pharmacy service

• Maximum integration of structured data from patient file

• Covering a wide range of pharmacotherapeutic aspects

• CMA = pharmacist-based decision support system à avoiding alert fatigue 
(among physicians) by providing alerts aiming exclusively at hospital pharmacists



CMA: limitations

• Clinical review by (all) hospital pharmacists à education + interrater reliability

• Specificity (and sensitivity) of screening dependent on:
• The extent of digitalization/structured log of patient characteristics in EHR
• The extent of communication between different information systems



CMA: future perspectives

• Increasing specificity and sensitivity

• Controlled ITS analysis to evaluate clinical impact
à Systematically re-evaluating the service, including all clinical rules

• Focusing on other pharmacotherapeutic domains
à Oral chemotherapy, polypharmacy in the elderly, TDM other drugs…



1. CMA is a liaison between CDSS and (in our case, limited) bedside clinical 
pharmacy

2. Screen for prescriptions with a high risk of drug related problems

3. Clinical input for the validation service needs to be based on
• (Inter)national guidelines
• Gained bedside knowledge
• Local patient safety incident reports
• Expert opinions

4. Hospital-wide support is essential (hospital board, IT, P&T, experts…)

Take home messages



5. CMA contributes provides pharmacotherapeutic support in ABS

6. ABS is enhanced by the computer (and the clinical pharmacist)

Take home messages


