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Intervention choice
The interventions used in this study were 
education combined with feedback, and 
a Computerized Decision Support Sys-
tem (CDSS). These specific interven-
tions were chosen based on an informal 
barrier analyses at the study centre, using 
the framework proposed by Cochrane et 
al. (36). This framework groups determi-
nants of guideline adherence into differ-
ent themes such as cognitive-behavioural 
barriers, barriers embedded in the guide-
line or evidence, and barriers related to 
support or resources. In the years before 
this study started, the study centre al-
ready invested in improving knowledge 
and attitudes concerning RA treatment. 
As a result, amongst others, up to date 
RA treatment guidelines were available 
and a safe learning environment was 
created. Looking at the Cochrane frame-
work, we concluded that the theme ‘bar-
riers related to support or resources’ was 
not yet optimally covered at the study 
centre. Therefore, we decided to develop 
our own CDSS to aid rheumatologists in 
their daily practice. As the latest updates 
from the local RA guideline (2013) had 
not been presented in an educational ses-
sion before, we decided to also include 
education and feedback in our interven-
tion strategy. This resulted in a stand-
ard intervention strategy (education and 
feedback) being tested against an ex-
tended intervention strategy (education, 
feedback and CDSS). 
When developing both interventions we 
took into account existing reviews on 
factors of success for education, feed-
back and CDSS. For example, CDSS up-
take was found to be more successful if 
adequate technical support and training 
were present, CDSS was integrated into 
the workflow and the messages were rel-
evant and on time (18-20). For education 
and feedback factors like attendance, the 
source of feedback and the complexity 
of the targeted behaviour influence inter-
vention effects (15, 16). Modifiable fac-
tors from these reviews were reckoned 
with during the development process. 

 Education and feedback
All included clinicians attended a one-
hour group session, combining an educa-
tional meeting with feedback. During this 
meeting clinicians received background 

information on the effectiveness of tight 
control treatment strategies in RA treat-
ment, the importance of guideline adher-
ence for RA patients and the content of 
existing local RA treatment guidelines. 
With regard to the latter, extra attention 
was given to the local guideline on bio-
logical dose optimisation, which was dis-
seminated just before this study started. 
The session finished with feedback on 
current guideline adherence of the clini-
cians, using results from a previous study 
on guideline adherence in this centre (24) 
and existing feedback systems in the 
study hospital. Due to this combination 
we could give feedback on all but two 
indicators (concomitant cDMARD use 
and bDMARD dose reduction) included 
in this study. The PowerPoint slides used 
during this intervention can be found in 
Supplement 2. 

Computerized Decision Support 
System
Background on the Computerized 
Physician Order Entry System used 
at the study clinic 
In order to fully understand the CDSS 
used as an intervention in our study, it is 
first necessary to know how the EHR at 
the study clinic worked before the study. 
At the study centre EZIS v. 5.2 (Chipsoft) 
is used by all physicians and a Computer-
ized Physician Order Entry (CPOE) sys-
tem was already integrated in this EHR. 
As the CDSS intervention in this study 
focused at the CPOE, a description of the 
different CPOE categories before the in-
tervention is given in Table I.

Description of the Computerized 
Decision Support System
The main aim of the changes made to the 
CPOE was to facilitate guideline adher-
ence by clinicians working at the outpatient 
clinic of the rheumatology department. By 
reorganising the CPOE system and includ-
ing CDSS it should be more difficult for 
clinicians to accidently forget about im-
portant recommendations from the local 
RA guidelines. To achieve this goal, four 
changes were made to the CPOE.
The first of four changes included a reor-
ganisation of the CPOE system. As can 
be seen in table 1, the organisation of the 
CPOE categories was mainly receiver-
based and not very practical for clini-

cians. In the new version grouping of 
CPOE orders was done in a sender-based 
way, with four main categories: diagnos-
tics, treatment, follow-up and adminis-
tration. All orders from the old system 
were placed into the new categories and 
some orders were adapted to make the 
other changes possible. 
With the next change we included hy-
perlinks to local guidelines in the CPOE 
system. For example, the order on 
DMARD initiation now included a hy-
perlink to the guidelines on the DMARD 
preferential order and DMARD toxicity 
follow-up.  
The third change comprised the develop-
ment of an algorithm which automatical-
ly completed some of the CPOE orders, 
based on patient-specific information 
from the EHR and the local RA guide-
line. An example of this change was the 
follow-up order with the algorithm using 
clinical information from the EHR, user 
login and local guidelines to complete 
the three main components of the order. 
These components were: 
1) follow-up duration (3 or 6 months 
based on disease duration, disease activ-
ity and DMARD use), 2) preferred pro-
vider of care (PA or rheumatologist based 
on provider of the current visit), and 3) 
referral to a specialised nurse for routine 
DAS28 and HAQ assessments. Clini-
cians not agreeing with the suggestions 
done by the CDSS could always change 
the answers on all components of the or-
der before sending the order away.    
The final change included the develop-
ment of a reminder system to assist cli-
nicians in keeping their correspondence 
with the general physician up to date. 
With this system a reminder was created 
every time a new visit was entered into 
the EHR by a rheumatologist, PA or resi-
dent. This reminder consisted of an order 
stating that a letter to the GP should be 
created. However, this reminder only be-
came visible to the clinician after a cer-
tain period of time (2 weeks or 18 months 
depending on the type of letter needed) 
if the clinician had not created a GP let-
ter himself in the meantime. In this way 
we prevented unnecessary reminders for 
rheumatologists who did not need them.
In Table II the relation between the CDSS 
changes and the guideline adherence in-
dicators used in this study is stated.

Supplement 1: Intervention descriptions
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Table I.  Main order categories within the pre-intervention Computerized Physician Order Entry system.

Order category	 Suborders included into the category	 Receiver

Clinical admissions	 Clinical admissions and surgery	 Surgery and clinical admission planner

Multidisciplinary treatments	 No suborders were included in this category, although the choices	 Multidisciplinary treatment planner 
	 following this order also included ordering of infusion therapies such 
	 as rituximab or infliximab.	

Order to rheumatologist	 No suborders were included in this category. This order only contained	 Rheumatologist as chosen by the sender of 
	 a text field in which a remark or question to another rheumatologist	 the order 
	 could be entered (limited number of characters). 	

Order to front office	 15 suborders were included in this category, ranging from orders on	 Nurses or supportive staff at the front office 
	 follow-up appointments to routine laboratory checks in DMARD users. 	 at the rheumatology outpatient clinic
	 This order could only be used if a patient was present at the outpatient 
	 clinic.	

Order to outpatient clinic 	 15 suborders were included in this category, ranging from blood	 Nurse at the rheumatology outpatient clinic 
nurse	 pressure measurement to the preparation of intra-articular injections.	

Order to secretary	 Several suborders were included in this category such as retrieving	 Secretary of the rheumatology department 
	 patient information from other hospitals.	

Correspondence 	 No suborders were included in this category. This order only included 	 Secretary of the rheumatology department
	 a choice on what of letter should be made (new or control patient) and  
	 a few text fields were additional information on the receiver (general 
	 practitioner, other specialist) or letter (attachments) could be entered.	

Order to archive	 No suborders were included in this category. This order could only	 Archive 
	 be used to retrieve old paper chart from the archive.	

Order to myself	 No suborders were included in this category. This order only included	 Sender of the order 
	 a text field were a remark or question could be entered. This order 
	 often acted as a reminder for the sender to perform certain actions for 
	 the patient in question (for example calling the GP to discuss the patient).	

Order to back office	 No suborders were included in this category. This order only included a	 Nurses or supportive staff at the back office 
	 text field were a remark or question could be entered. This order served	 at the rheumatology outpatient clinic 
	 as a substitute for the ‘front office order’ if a patient was not present at 
	 the outpatient clinic. For example, if after a telephone call with a 
	 patient, a follow-up visit should be planned, this order had to be used.	

Consulting other specialists	 No suborders were included in this category. This order only included	 Internal medicine or gerontology specialist 
	 text fields in which clinical information about the patient and questions 
	 for the consulting specialist could be entered. This order only applied 
	 to clinically admitted patients. 	

Laboratory tests	 No suborders were included in this category. All available laboratory	 Nurse at the rheumatology outpatient clinic 
	 tests at the study centre were included in this order and could be 
	 selected by clinicians. 	
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Table II. CDSS changes in relation to the guideline adherence indicators.

Guideline adherence indicator	 Topic covered with CDSS

	 Regrouping	 Hyperlink	 Pre-fill  orders	 Reminders
	 CPOE	 to guideline	

DAS28 measurement 	 P		  P	

Radiographs of hands, feet and thorax 	 P			 

Yearly assessment of functional status using the HAQ	 P		  P�

Prescription of conventional and biological DMARDs according to the	 P	 P 
    preferential order			 

Concomitant conventional DMARD in case of biological use	 P	 P		

Therapy change in case of active disease as measured with the DAS28	 P	 P		

Dose reduction or interval lengthening (dose optimisation)  of biological	 P	 P 
    DMARDs			 

Referral of new RA patients to a specialised nurse	 P		  P	

Planned nurse led DAS28 assessment during the next regular outpatient	 P		  P 
    clinic visit		

Referral to a PA	 P		  P	

Correct interval between the visit in the study period and the next planned	 P		  P 
    regular outpatient clinic visit	�

A letter to the general practitioner, sent within two weeks after diagnosis	 P			   P 
    in case of a new RA patient 	�

A letter to the general practitioner, sent once every 18 months	 P			   P 
    (control patients)	
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Supplement 2: PowerPoint slides used during the educational meeting
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Knowing how to describe quality of 
care is a prerequisite for its measure-
ment. Often quality indicators are used 
to assess quality of care. A quality indi-
cator is ‘a measurable element of prac-
tice performance for which there is evi-
dence or consensus that it can be used 
to assess the quality, and hence change 
the quality of care provided’ (37). Qual-
ity indicators are often grouped into 
structure-, process- and outcome indi-
cators. Outcome indicators reflect the 
result of the care that was provided by 
the healthcare provider, while process 
indicators reflect the actual care given 
to patients (‘what is done’). Structure 
indicators, on the other hand, describe 
organisational aspects (‘what is avail-
able’) (38).
Different groups and organisations 
have developed indicator sets and for 
the purpose of this study we used the 
process indicators covering monitoring, 
drug treatment, follow-up and docu-
mentation from the Dutch national RA 
guideline (CBO indicators) (6). The 
Dutch set is selected because it bests re-

flects care provided at the study centre. 
Structure indicators are not taken into 
account because this will be a single 
centre study and as a consequence all 
structure indicators will be the same 
for all clinicians. The CBO indicators 
are not always very specific, therefore 
some indicators are modified as to bet-
ter reflect the recommendations from 
the local RA guideline at the study 
centre. An overview of all indicators is 
given in Table I.
Besides adaptations of existing CBO 
indicators, extra indicators were added 
to the set used in our study. This con-
cerned two indicators in the follow-up 
and referral domain (PA referral and 
nurse-led DAS28 assessments) and the 
two indicators in the domain on admin-
istration (new and control patient letters 
to the general physician). 
The indicators on PA referral and nurse-
led DAS28 assessments were added to 
cover specific shared care practices at 
the study centre. In this centre all RA 
patients should be seen by a nurse pri-
or to the visit with the rheumatologist 

(nurse led DAS28 assessment). During 
this visit the DAS28 is done by a spe-
cialised rheumatology nurse, together 
with routine laboratory tests and as-
sessment of current medication use. All 
information is provided to the rheuma-
tologist. Furthermore RA patients can 
be treated by both a physician assistant 
(PA) and rheumatologist, with alternat-
ing visits between them. The PA is al-
lowed to prescribe rheumatologic med-
ication and make treatment decisions, 
but the final responsibility always lies 
with the rheumatologist. 
Finally, a new group of indicators con-
cerning administration was added. In 
the Dutch RA guideline no recommen-
dations were given on correspondence 
with other relevant clinicians, espe-
cially the general physician (GP). We 
chose to add these indicators as it is of 
crucial importance that the GP knows 
if a patient uses DMARD or biological 
therapy because of potentially severe 
side effects or interactions with other 
commonly prescribed medication.

Supplement 3: Development of guideline indicators
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Table I. Indicators in national Dutch guideline and study.

Group of indicators		  Indicators

	 Dutch national guideline (CBO)(6)	 Study

Treatment and monitoring		  Monitoring of disease activity
	 DAS28 measurement done at every visit by either the 	 DAS28 measurement done at every outpatient clinic visit by
	 rheumatologist or another health care professional (HCP)	 either the rheumatologist or another health care professional 

		  Monitoring of structural damage
	 X-rays of hand and feet at moment of diagnosis and	 X-rays of hands, feet and thorax, done at the year 0, 1 and 3. 
	 one year thereafter (year 0 and 1)	
	 X-rays of hand and feet done after a period of high 
	 disease activity (DAS28 >3.2 at two consecutive visits), 
	 if not done in the year before	
	 Yearly assessment of functional status (Health Assessment	 Yearly assessment of functional status (Health Assessment 
	 Questionnaire) by either the rheumatologist of another	 Questionnaire) by either the rheumatologist of another 
	 health care professional 	 health care professional

		  Treatment
	 Use of biological therapy	 Prescription of conventional and biological DMARDs 
	 Use of methotrexate >20 mg/week	 according to the preferential order* when initiating a new 
		  DMARD
	 Use of prednisone >5 mg/day	 N/A 
	 Intensification of medication by a rheumatologist in	 Change in therapy† in case of active disease based on 
	 case of a DAS28>3.2 and an adequate period of previous	 DAS28 score
	 therapy. Adaptation of treatment based on DAS28 scores 
	 unless co-morbidity, extra-articular disease and/or 
	 side-effects prevent this	
	 N/A	 Use or prescription of a concomitant conventional DMARD 	
		  in case of biological use
	 N/A	 Biological dose optimisation in case of low disease activity 	
		  and stable biological use for the previous six months

Follow-up and referral	 Shared care
	 Consultation with a specialised rheumatology nurse	 Referral to a specialised rheumatology nurse within two 
	 within one year after diagnosis	 weeks after diagnosis
	 N/A	 Planned nurse led DAS28 assessment during the next 
		  regular outpatient clinic visit‡

	 N/A	 Referral to a physician assistant
	
	 Follow-up
	 Planned visit with a rheumatologist within 3 months	 Correct intervals between consecutive visits, based on 
	 of the last visit if DAS28 > 2.6	 disease activity and medication use as stated in the local 	
		  RA guideline∏

	 Planned visit with a rheumatologist or other relevant 
	 HCP within 6 months of the last visit if DAS28 < 2.6	
	 Planned visit with a rheumatologist within one year 
	 after the last visit if DAS28 < 2.6	

Administration		  Correspondence
	 N/A	 A letter to the general physician, send within two weeks 
		  after diagnosis in case of a new RA patient (new patient 
		  letter)
		  A letter to the general physician, send once every 18 months 	
		  (control patient letter)

DAS28: Disease Activity Score based on 28 joints; DMARD: Disease-Modifying Anti-Rheumatic Drug.
*Preferred order in which DMARDs and biological should be prescribed, stated in the local RA guideline at the study centre. †The following options are 
seen as changes in therapy: intensifying DMARD therapy (dose increase, adding a new DMARD, switching to another DMARD and/or biological), starting 
or increasing prednisone dose and/or local corticosteroid injections. ‡Nurse led centre were RA patients are seen prior to the visit with the rheumatologist or 
physician assistant (PA) with measurement of the DAS28, routine laboratory assessments and asking about current medication use. All information is entered 
in the electronic patient record and therefore directly available to the rheumatologist or PA who sees the patient next.
∏Correct follow-up visit schedule is as follows: week 0 and 6; every 3 months during the first year of DMARD/biological therapy and once every six months 
thereafter. In case of DAS28 >3.2 a visit every 3 months, independent of medication use.


