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Abstract

Atrial fibrillation (AF) affects 1-2% of the population. Twenty
percent of all strokes are caused by AF. In this study, we rep-
resented the clinical knowledge in the European Society of
Cardiology guideline using Guideline Definition Language
(GDL), a format that binds openEHR archetypes, rule lan-
guages, and reference terminologies together. The computer-
ized guidelines are applied to electronic health record (EHR)
data retrospectively in order to identify possible gaps between
current clinical practice and optimal care recommended by
the evidence-based guidelines. Treatment compliance is
checked in two patient groups: one received treatment from a
cardiologist who is responsible for AF treatment in the region
(n=514) and the other was a much larger patient group from
the whole region (n=8130). The compliance checking shows
the cardiologist group has substantially higher percentage of
compliant treatment compared with that of the general popu-
lation group. Based on this important finding, we are now
implementing at-point-of-care clinical decision support reus-
ing the same computerized guideline knowledge in GDL for-
mat in order to increase the guideline adherence of the treat-
ment.
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Introduction

Atrial fibrillation (AF) affects 1-2% of the population. Twenty
percent of all strokes are caused by AF and strokes caused by
AF are more severe than strokes caused by other reasons [1].
CHA2DS2-VASc is a risk assessment scheme for predicting
stroke risks in AF patients and the acronym stands for cardiac
failure, hypertension, age >75 (doubled), diabetes, stroke
(doubled),vascular disease, age 65-74 ,and sex category (i.e.
female) [2]. The European Society of Cardiology (ESC) has
published a series of guidelines for the management of atrial
fibrillation. The latest version comprises the full version pub-
lished in 2010 [3] and an update published in 2012[4]. In this
update, CHA2DS2-VASc is recommended as a means of as-
sessing stroke risks in non-valvular AF. Based on the
CHA2DS2-VASc of the patient, a recommendation about an-
tithrombotic therapy is given. Such recommendations are the

highest class of recommendations with the strongest evidence
in evidence-based guidelines.

Ostergotland County is a county in southeast Sweden with
roughly 400 thousand inhabitants. The healthcare is docu-
mented by the County Council of Ostergétland through a sin-
gle regional electronic health record (EHR) system, Cambio
COSMIC, covering both a university hospital and primary care
centres in the region. In other words, the patient record is al-
ways accessible anywhere in the region regardless of whether
the patient meets a specialist at the university hospital or a
primary care doctor at one of the primary care centres since it
is the same EHR system they are using. One of the authors
(CV) is the responsible cardiologist for atrial fibrillation in the
region. He follows the relevant clinical guidelines published
by ESC and tries to disseminate this knowledge to his col-
leagues (both general practitioners and non-cardiology special-
ists) through written practical instructions in Swedish language
and workshops. However, CV observes a gap between clinical
practice and guideline recommendations and acknowledges the
undertreatment of AF patients in the region. Exact figures
about guideline non-compliance as well as effective means to
disseminate guideline knowledge are, however, lacking.

The aim of this study is to find a way to represent clinical
knowledge related to stroke prevention in AF in a formal way
in order to quantify the clinical gaps of the current practice in
terms of non-compliance to the published guidelines. Further-
more, we aim to apply the computerized guidelines at the point
of care as clinical decision support (CDS) to reduce non-
compliant treatment. The ultimate clinical goal is to increase
efficacy of stroke prevention in AF thus reducing stroke inci-
dents in the region.

Methods

The source of the clinical knowledge was the ESC guidelines
for the management of atrial fibrillation published in 2010 [3]
and the focused update published in 2012 [4]. CV provided
necessary clinical guidance in this work by identifying relevant
parts of the guideline and interpreting the narrative text in the
document.

The openEHR Clinical Knowledge Manager [5] was browsed
and searched for archetypes necessary for representing the
guidelines. A number of guidelines based on the knowledge
from the guideline document were authored by RC and IC in
GDL by using a GUI-based user-friendly guideline authoring
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tool. The guidelines were simulated in an interactive way to
get a first iteration of verification. They were continuously
modified until sufficient quality was achieved. Necessary ter-
minology bindings required for matching drug names and di-
agnostic codes were identified and verified by CV.

The study is a retrospective (two-armed) cohort study. Two
AF patient groups were used for compliance checking in this
study. The first AF group consisted of 514 patients; all treated
by a cardiologist specialist (CV) and registered in the quality
register AURICULA. The second group comprised all AF
patients registered in the regional EHR (identified by relevant
ICD10 codes for AF) during 2011 and consisted of 8130 pa-
tients. The second group includes the first patient group. Pa-
tient data from both patient groups were anonymised. For each
group, demographic information, diagnosis list, and medica-
tion list were retrieved in order to perform compliance check-
ing. Due to time constraints, patient data of CV’s patient group
in the quality register were used instead of those in the EHR.
Since the patient data were originated from the regional EHR
system, they should be identical to the data in the quality regis-
ter. Also worthy to note is that the general population patient
group is a superset of the CV’s patient group. These patient
data were then transformed into the openEHR Reference
Model format to facilitate compliance checking. In the CDS
Workbench, a software tool for applying GDL guidelines on
the EHR data, the compliance checking was finally performed.
Different compliance figures were obtained and analysed in
our study.

In order to validate the correctness of the computerized guide-
line knowledge in the GDL guidelines, one hundred patient
cases are randomly extracted from the regional AF patient
group registered in EHR in 2011 and saved as spreadsheet in
CSV format. CV then used Microsoft Excel to manually re-
view each of the patient case, and gave a CHA2DS2-VASc
score and a recommended treatment based on his knowledge
of the ESC guidelines.

A stroke prevention CDS prototype application is developed
and is scheduled to be first tested with a small group of clini-
cians. If clinically verified and accepted, the CDS application
will be rolled out on the regional level.

Results

In order to represent guideline knowledge in rules, relevant
archetypes and terminology resources need to authored and
mapped.

Clinical Archetypes

Three archetypes defined and maintained by the openEHR
Foundation can be reused in this study without any changes.
These reused archetypes are:

1. openEHR-EHR-EVALUATION.problem-diagnosis.v1
2. openEHR-EHR-INSTRUCTION.medication.v1
3. openEHR-EHR-ITEM TREE.medication.v1l

Three new archetypes created by this study are as follows:

1. openEHR-EHR-OBSERVATION.chadsvas_score.vl
(Figurel).
This archetype is used to record all the sub-components
as well as the total score of CHA2DS2-VASc. It used
both for recording calculated CHA2DS2-VASc score
and as input to compliance checking rules.

2. openEHR-EHR-
OBSERVATION.basic_demographic.v1
Note that the use of EHR Observation for demographic
information is due to limited support of demographic
archetypes in the tooling. Patients’ age and gender are
represented in this archetype.

3. openEHR-EHR-
EVALUATION.compliance_checking.vl1
This archetype records the result of compliance check-
ing.
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Figure 1 — The archetype for recording CHA2DS2-VASc

Terminologies

ATC Codes for Drugs

ATC codes are used to codify generic names of drugs in Swe-
den. The ATC codes for the drugs mentioned by the guidelines
as potential stroke prevention treatment are listed as follows:

o Warfarin (BO1AAO03)
e Dabigatron (BO1AE07)
e Rivaroxaban (B01AX06)
e Apixaban (BO1A)
e Acetylsalicylic acid (BO1ACO06)
e Clopidogrel (BO1ACO04)
ICD10 Code for Detecting AF

A list of ICD10 codes are used to detect AF diagnosis in the
EHR.

o 48 (with all its subcodes)
ICD10 Codes for Relevant Diagnoses

These codes are responsible for detecting relevant diagnoses in
the EHR. They are organized in groups as in CHA2DS2-VASc
score. For practical reason, some diagnoses are not included,
e.g. thrombo-embolism.

e Congestive heart failure/LV dysfunction: 150

e Hypertension: 110, I11, 112, 113, 115

o Diabetes mellitus: E10, E11, E12, E13, E14

e Stroke / TIA / thrombo-embolism: 163, 169.3, G45.9
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e Vascular disease: 121, 122, 124.9, 125.0, 125.1, 125.2,
125.9, 795.1,173.9, 170

GDL Guidelines

Four guidelines have been authored to capture the clinical
knowledge from the ESC guideline. Each guideline represents
the knowledge for a single clinical decision. Different guide-
lines can be chained together to aid complex decision making.
The guidelines have been authored in GDL-editor using the
archetypes and terminology resources mentioned above.

CHA2DS2-VASc calculation guideline

This guideline checks patient’s demographic information and
diagnosis list from the EHR, sets each sub-component in the
CHA2DS2-VASc archetype, and derives a total score as the
output (Figure 2). The validity of the CHA2DS2-VASc calcu-
lation guideline is checked by comparing the result from the
GDL-based calculation with that done by the cardiologist
(CV). There were 4 cases that the results differ. Three of them
were due to miscalculation by CV (clinically insignificant
since all of these patients should have received anti-coagulants
anyway), the other one were due to a diagnostic code that was
not initially included in the GDL guideline. After amending
the guidelines, the difference is reduced to 3 out of 100 patient
cases.
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Figure 2 - CHA2DS2-VASc calculation guideline

Stroke risks guideline

This guideline gives estimated stroke risks based on the pro-
vided CHA2DS2-VASc score. This information is potentially
useful to both the patient and the clinician.

Stroke prevention compliance checking guideline

This guideline takes CHA2DS2-VASc score and a medication
list as the input and determines if the given treatment is com-
pliant with the recommendations from ESC guidelines. The
same guideline is used for both retrospective compliance
checking and at-point-of-care CDS. Figure 3 illustrates the
rule that checks the compliance of medication treatment when
the CHA2DS2-VASc score equals to 1. Note that both the
term “Antiplatelet” and “Oral anticoagulant” in the rule are
only interface terms, which can be bound to reference termi-
nology like ATC or SNOMED CT.
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Figure 3 — Compliance checking rule when CHA2DS2-VASc
score equals to 1

Stroke prevention treatment recommendation guideline

This guideline takes as input CHA2DS2-VASc score and sug-
gests an optimal treatment based on the ESC guidelines’ rec-
ommendations.

Stroke Prevention Treatment Compliance Checking

The compliance checking is based on ESC guidelines pub-
lished in 2010. The percentages of compliant treatment in each
patient group are presented in Table 1.

Table 1- Summary of compliance checking
of stroke prevention treatment

Patient Group Total Compliant
Num. of treatment in
Patients %
Cardiologist-treated group 514 90.66
AF patients in whole region 8130 62.57
Discussion

The result of the compliance checking indicated there is a
clear difference between the compliance of the treatments in
the cardiologist and the general patient groups. The patient
group treated by the AF-responsible cardiologist displayed
nearly 30% higher compliance compared with the general pa-
tient group whose treatments are mainly provided by non-
cardiologists in the region. Some further work has revealed
that both cardiology departments in the region have 10-20%
higher guideline compliance compared with the average.

A question could be raised here is what caused such low com-
pliance in the patient group treated by non-cardiologists? Is it
justified by clinical contraindications, e.g. more bleeding risks
or terminal illness in the general patient group than the cardi-
ologist patient group? Is the non-compliance perhaps caused
by lacking of the latest clinical knowledge or the ability to
detect non-compliant treatment at the point of care? Some
non-compliant treatment can be justified by clinical contra-
indication and patient refusal, so the compliance rate could be
underestimated [6].

In order to provide optimal treatment based on the guidelines,
a CDS prototype for stroke prevention has been designed and
implemented inside Cambio COSMIC, the primary EHR sys-
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tem of Ostergdtland. The CDS prototype is driven by the same
GDL guidelines used for retrospective compliance checking
and is fully integrated with the rest of the EHR. It detects and
warns the clinicians about any non-compliant stroke preven-
tion treatment in AF patients and suggests an optimal treat-
ment recommended by the ESC guidelines.

From the informatics perspective, GDL guidelines built on top
of archetypes, reference terminology, and rules seem to be
expressive enough to represent stroke prevention knowledge in
the ESC guidelines. It seems feasible to use the same GDL
guidelines for both retrospective compliance checking and
providing clinical decision support at point of care. Whether
the guideline-based CDS can improve the efficacy of stroke
prevention in AF remains to be studied.

Conclusions

Clinical gaps in terms of non-compliant stroke prevention in
AF can be detected and measured in a regional EHR using
computerized ESC guidelines knowledge in GDL format. Fur-
ther study is planned to investigate the efficacy of at-point-of-
care CDS based on the same GDL guidelines on the regional
level.
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