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EXECUTIVE SUMMARY 

WP7 will provide ICT platforms (Personalised Care Plan Development Platform & Coordinated Care 

and Cure Delivery Platform) and supporting Clinical Decision Support Modules to enable 

multidisciplinary team of health and social care givers to collaboratively create, execute and monitor 

personalised care plans through reconciliation of clinical guidelines for individual diseases.  

As part of the Coordinated Care and Cure Delivery Platform, Clinical Decision Support Modules will 

access patient data from different sources to subsequently fuse and analyse all these data, in order to: 

perform risk assessment and stratification of candidate elderly people for inclusion in integrated care 

programmes; reconcile clinical guidelines for individual diseases to develop personalised care plans; 

detect and propose resolutions for guideline clashes; detect duplicate, unnecessary or contraindicating 

medications; and monitor and detect deviations from the outcome goals set in a patient’s care plan. The 

Task 7.2 concerns the technical specification and implementation of Clinical Decision Support Modules 

according to the deliverables D7.1 Evidence Based Clinical Guideline Definitions and Flowcharts for 

Individual Chronic Conditions, D3.2 Requirements Specification of the C3-Cloud Architecture, and the 

Description of Action. The Task 7.2 started in month 9 (1 January 2017) and has ended in month 20 (31 

December 2017). 

The deliverable D7.2 is a description of the demonstrator of the C3-Cloud Clinical Decision Support 

Modules (CDSMs). This document defines the objectives of the task and tools by referencing to clinical 

guidelines and technical requirements. The document provides also a description of the implementation 

strategies as well a manual for the tool. The main purpose of the demonstrator and the document is to 

show the progress of the implementation of CDSMs to implement the use cases in a concrete way. The 

software demonstration is part of WP7 integrated demo which was given at the project review on 8 

December 2017. 
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1. DOCUMENT OVERVIEW 

1.1. Purpose 

The deliverable D7.2 is a description of the demonstrator of the C3-Cloud Clinical Decision Support 

Modules (CDSMs). This document defines the objectives of the task by referencing to clinical 

guidelines analysed by the deliverable D7.1 [1] and technical requirements described in the deliverable 

D3.2 [2]. The document provides also a description of the implementation strategies as well a manual 

for the software tool. The main purpose of the demonstrator and the document is to show the progress 

of the implementation of CDSM components to implement the requirements in a concrete way. 

1.2. Outline of the deliverable 

The report on the CDSM demonstrator is organized as follows:  

Section 2 summarizes the basic objectives of the task and tools that must be demonstrated by referencing 

to task requirements in description of action (DOA) and related deliverables. 

Section 3 describes the approach and process we follow to develop Clinical Decision Support (CDS) 

rules to reconcile clinical guideline definitions for individual chronic conditions identified in D7.1, in 

order to automate personalised care plan development.  

Section 4 details the implementation strategies that were adopted for developing CDS modules and 

delivering the demonstrator. 

Section 5 provides information on how to use the demonstrator with one specific example.  

Section 6 addresses future plans to continue the integration work with the other components. 

Appendix I provides the complete technical specification of Diabetes Mellitus type 2 related CDSMs.  

Annex 1 – 9 provide the complete reconciled rules from the two, three or four diseases (Diabetes, Renal 

Failure, Heart Failure and Depression) combinations. 

1.3. Scope 

WP7 will provide Coordinated Care and Cure Delivery Platform (C3DP) to enable multidisciplinary 

team (MDT) of health and social care givers to collaboratively create, execute and monitor personalised 

care plans. The supporting Clinical Decision Support Modules enable reconciliation of clinical 

guidelines for individual diseases, risk stratification, poly-pharmacy management and care plan goal 

setting and monitoring. As part of C3DP platform, CDSMs will access patient data from different 

sources to subsequently fuse and analyse all these data, in order to: perform risk assessment and 

stratification of candidate elderly people for inclusion in integrated care programmes; reconcile clinical 

guidelines for individual diseases to develop personalised care plans; detect and propose resolutions for 

guideline clashes; detect duplicate, unnecessary or contraindicating medications; and monitor and detect 

deviations from the outcome goals set in a patient’s care plan. The CDSM implementations will be 

based on open standards and some of the implementations will contribute to the open source 

community.   

1.4. Context 

C3-Cloud CDSMs provide clinical decision support functions to support MDT in the creation, execution 

and monitoring of integrated care plans for every multi-morbid patient with C3-Cloud C3DP. While the 

technical mechanisms of C3-Cloud CDSMs are generic and can support a variety of chronic conditions, 

the C3-Cloud evaluation studies focus on 4 specific chronic diseases and their combinations: 

A. Diabetes Mellitus type 2 (DM2) 

B. Renal Failure (RF) (including eGFR/GFR 30-59; excluding eGFR/GFR<30) 

C. Heart Failure (HF) (including NYHA I-II; excluding NYHA III-IV) 
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6. Peer review and consideration of local issues. All proposed reconciled rules were reviewed by the 

other pilot site expert clinicians and local issues included, if necessary. Any changes proposed were 

discussed by the clinicians of the three pilot sites. A common rule was agreed. Local issues are 

taken into account in the CDSM implementation.  

7. Final reconciled rules were defined and written. 

 

3.3.2. Work plan 

Identification of all potential interactions. A table with all algorithms providing 

recommendation of the four NICE guidelines reviewed in D7.1 was created. Algorithms 

(identified by the numbers provided in D7.1) were organized according to the pattern of 

comorbidities (first column) and elements of the care plan addressed: severity and stage 

classification, Interventions on lifestyles and self-care, pharmacological treatment and follow-

up plan (first row) ( 

1. Table 3). Work was divided amongst the three clinicians’ expert groups of each pilot site. They 

selected those algorithms to be reviewed according to the multi-morbidity scope of the C3-

Cloud project and criteria such as relevance, severity, effectiveness or irreversibility of options. 

 

Table 3: Set of rules that help decision making in four components of the personalized plan, for each of the 11 

patterns of comorbidity. 

PATTERNS 

Severity and 

stage 

classification 

Interventions 

on lifestyles, 

training and 

self-care 

Pharmacotherapy 
Follow-up 

plan 

Notes/ 

Observation 

Diabetes 2 5.2.3 (Blood 

Pressure 

Management) 

5.2.4 

(Cardiovascular 

risk Assessment) 

5.2.12 

(Gastroparesis ) 

5.2.13 

(Neuropathic 

pain) 

5.2.14 

(Autonomic 

neuropathy ) 

5.2.15 (Diabetic 

foot problem ) 

5.2.17 (Diabetic 

kidney problem ) 

5.2.19 (Eye 

disease) 

5.2.1 

(Education) 

5.2.2 (Dietary 

advice) 

5.2.3 (Blood Pressure 

Management) 

5.2.4 (Cardiovascular risk 

Assessment) 

5.2.8 (Initial Drug treatment) 

5.2.9 (First and second 

intensification of drug 

treatment) 

5.2.10 (Insulin based 

treatment ) 

5.2.11 (Insulin delivery ) 

5.2.6 HbA1c 

target 

5.2.7 (Self 

Monitoring 

Blood 

Glucose) 

 

Renal Failure 5.4.9 

(Cardiovascular 

prevention) 

5.4.4 (Lifestyle 

and Dietary 

advice) 

5.4.8 (2, 3 and 4) (Blood 

pressure treatment) 

5.4.9 

 

5.4.6 (Referral 

criteria) 

5.4.7 

(frequency 

eGFR control) 

 

Heart Failure 5.3.3 (Fluid 

overload) 

5.3.1 

(Lifestyle) 

5.3.2 (Management 

summary) 

5.3.5 (Referral 

criteria) 

5.3.7 

(Monitoring) 
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PATTERNS 

Severity and 

stage 

classification 

Interventions 

on lifestyles, 

training and 

self-care 

Pharmacotherapy Follow-up 

plan 

Notes/ 

Observation 

Depression 5.5.1 

(Classification 
Assessing 

depression and its 

severity) 

 5.5.2 ( Treatment of 

persistent mild to moderate 

depression) 

5.5.3 (Moderate (and Severe) 

Depression) 

5.5.4 (Treatment of complex 

and severe depression) 

5.5.6 (Antidepressant 

Treatment) 

5.5.5 

(Organization 

/ Coordinated 

Care) 

 

Diabetes and 

Renal Failure 

 

5.4.8.2 (Blood 

pressure 

treatment in CKD 

with Diabetes ) 

5.4.9 (CV  
prevention and 

treatment) 

 5.2.3 

5.2.4 

5.2.8 

5.4.8.2. 

 5.2.6(1) 

Heart Failure 

and 

Depression  

 

5.2.2(sum) 

5.3.8 

5.5.2(3)  5.5.4.  

Diabetes and 

Depression 

 

 5.5.2(3) 5.2.13 (Gastrop: 

antidepressant 

5.2.14 (Tricyclic) 

5.5.4.(3)  

Diabetes and 

Heart Failure 

 

 5.5.2(3) 5.2.8 

5.2.9  

5.2.11 

5.2.14 

 

5.5.4.(3) 5.2.10 (2) 

5.10.11(2) 

5.3.2.(3) 

5.2.6(1) 

Renal failure 

and heart 

failure 

 

5.4.9   5.4.8.1.(Blood pressure 

treatment in CKD without 

diabetes 

mellitus)5.4.8.3(RASA: 

Renin-Angiotensine System 

Antagonist, K+) 

5.3.7  

Depression 

and renal 

failure 

 5.5.2(3)  5.5.4.(3)  

Diabetes, 

Renal Failure 

and Heart 

Failure 

 

5.4.8.2 (Blood 

pressure 

treatment in CKD 

with Diabetes ) 

5.4.9 (CV  

prevention and 

treatment) 

 5.4.8.2 

5.2.3 

5.2.4 

5.2.8 

5.2.9  

5.2.11 

5.2.14 

5.4.8.1 

5.4.8.3 

 

5.3.7 5.2.6(1) 

5.2.10 (2) 

5.10.11(2) 
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4. CDSM IMPLEMENTATION STRATEGIES 

This section describes the process being followed for CDS modules implementation in the project. As 

discussed in section 3, on the basis of the outcome of T7.1, clinical experts from all three pilot sites 

develop guideline reconciliation rules to resolve conflicts resulting from guideline combinations for 

multi-morbid patients. The technical team analyses the flowcharts in D7.1 and the reconciliation rules, 

groups relevant flowcharts or rules into coherent modules, expands the natural language description 

into formalized implementable decision-making flowcharts, and develops detailed technical 

specification to describe the service input and output parameters for each CDS module. Finally, the 

formalized decision-making flowcharts are encoded in Guideline Definition Language (GDL) version 

2 [15] and, based on the technical specification, each CDS module is implemented as a RESTful web 

service following the CDS Hooks specification. It is a complex process and there are around 40 modules 

in total. In the following sections, we will use the blood pressure management module from DM2 

guideline as an example to explain the implementation process.  

4.1. CDSM technical specification 

The technical specification of a CDSM formalizes the CDS logic in the form of a decision-making 

flowchart similar to that of D7.1 but with much more detail useful for implementation. The specification 

also describes the input and output of the module using CDS Hooks defined constructs, for example 

information and suggestion cards. In CDS Hooks, each CDS service can return any number of cards as 

output. Cards provide a combination of information (for reading), suggested actions (to be applied if a 

user selects them), and links (to launch an app if the user selects them). Section 4.3 describes more 

details of CDS Hooks.  

As end users of the CDS service, the clinical partners at the three pilot sites give valuable feedback and 

suggestions to the development of the specification of each module. One important aspect of the 

feedback is to help the technical team to identify computable decisions from non-computable ones. For 

a CDS service, its required input parameters may not always be available from the local EHR systems 

(one example is “possible risk for hypoglycemia” which is not recorded in RJH system). In such cases, 

the clinician who is using the C3DP system will have to make an assessment and provide the missing 

value for the parameter manually in order to invoke a CDS service. If, however, there are too many 

such manual steps taking place in the decision flow, it is preferable to present the guidance as non-

computable information cards instead of computable suggestion cards, so clinicians will simply read 

the guideline as textual information and update the care plan manually using C3DP. If an entire D7.1 

flowchart comprises only information cards, the information contained in the flowchart will be included 

in a care plan template and presented directly from C3DP rather than consulting a remote CDS service.  

It is noted that D7.1 flowcharts do not have one to one mappings to CDS modules. Some of the 

flowcharts in D7.1 are closely related to each other and can be grouped into a single coherent CDS 

service. For example, D7.1 flowcharts 5.2.8, 5.2.9, 5.2.10 and 5.2.11 are grouped into one CDS module 

“Drug Treatment for Blood Glucose Management”. See Appendix I for more details. 

The development of CDSM specification follows an iterative progress. The first iteration is based on 

D7.1 flowcharts for single disease only. In subsequent iterations, guideline reconciliation rules are 

introduced into the respective specification where applicable. The reconciliation rules which cannot be 

incorporated into existing specifications are implemented in separate modules. 

The complete technical specification of DM2 related CDSMs are provided in Appendix I. Technical 

specifications of RF, HF and DP related CDSMs are near completion subject to final review by the 

consortium.  
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Blood Pressure Management Module for Diabetes Patients 
The Blood Pressure (BP) Management Module for Diabetes patients encodes the decision support logic 

presented in D7.1 flowchart 5.2.3 (Blood pressure management). That flowchart is adapted to an 

implementable one with executable conditions and CDS hooks information and suggestion cards 

(Figure 2, Figure 3). The details of the decision points of the flowchart are explained in Table 4. The 

ICD, LOINC and ATC codes in the table are used as example codes to define the conditions. The codes 

will be reassessed and mapped to local codes when necessary during the implementation phase. The 

flowcharts in Figure 2 and Figure 3 are not an exact match of D7.1 flowchart 5.2.3. In the flowchart 

5.2.3, the blood pressure was immediately checked whether it is below the set thresholds after 

recommending a new drug. However, in practice it will be checked at the next control visit after the 

patient has used these drugs. After checking the NICE guideline, a recommendation of scheduling a 

control visit after 1-2 months is introduced, and the blood pressure measurements are checked at the 

control visit when the CDSM is invoked a second time. Figure 2 and Figure 3 show the changed control 

flow. 
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Figure 2: First half of the BP management flowchart 



689181 – C3-Cloud                                

D7.2 Version 1.0, dated 21 December 2017  Page 21 of 199 

 
Figure 3: Second half of the BP management flowchart 
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Table 4: BP management module condition table 

 

Table 5 – 7 specify the input and output parameters of the module, defining how the module should be 

implemented as a CDS hooks service. Table 5 lists the clinical concepts processed  

Condition 

No 
Condition Clause 

C1 If one of the following conditions exists: ICD[E11.2A, E11.2B, E11.4B, E11.4C, E11.4D, G63.2] 

OR 

If albumin secretion in urine is ≥ 30 mg/l OR ≥20 μg/min OR ≥30 mg/24h (depending how it is 

presented) 

C2 If systolic blood pressure (LOINC[8480-6]) < 140 and diastolic blood pressure (LOINC[8462-4]) 

< 80 (Both from 55284-4) 

C3 If medication ATC[C09] exists 

C4 If systolic blood pressure (LOINC[8480-6]) < 130 and diastolic blood pressure (LOINC[8462-4]) 

< 80 (Both from 55284-4) 

C5 If medication ATC[C09AA or C09CA] exists 

C6 If medication ATC[C08] exists 

C7 If medication ATC[C03] exists 

C8 If condition ICD[T46.4X5A] or allergy ATC[C09AA] exists 

C9 If observation LOINC[64234-8] (current smoker) has 373066001(yes) 

C10 If observation LOINC[74013-4] (alcoholic drinks per day) > 0 

Category Concept Input / Output (Cards) 

Conditions Type 2 Diabetes  

 

Input 

Hypertension Input 

Microvascular Conditions Input 

Macrovascular Conditions Input 

ACE inhibitor intolerance Input 

 

Medications 

ACE Inhibitors (Angiotensin Converting Enzyme 

Inhibitor) 

Input & Output 

A II Blockers Input & Output 

Calcium Blocker Input & Output 

Diuretic Input & Output 

Alpha Blocker Output 

Beta Blocker Output 

Potassium-sparing diuretic Output 

RAAS Blocker Input 

Vital Signs Blood Pressure Input & Output 
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by the blood pressure management service. The concepts will be implemented as FHIR resources and 

so are grouped into categories corresponding to FHIR resource types. The input/output column indicates 

whether the concept will be used as input, output, or both. 

 

Table 5: Clinical concepts processed by the BP management service 

 

In CDS Hooks, the input to a CDS service is a set of FHIR data identified by a prefetch term id. Table 

6 describes the mapping from the prefetch term id to related input concepts.  

 

Table 6: BP management service input variables 

Social History Observations Smoking Status Input 

Alcohol Consumption Status Input 

Allergies or Intolerances Intolerance to ACE inhibitors Input 

Category Concept Input / Output (Cards) 

Conditions Type 2 Diabetes  

 

Input 

Hypertension Input 

Microvascular Conditions Input 

Macrovascular Conditions Input 

ACE inhibitor intolerance Input 

 

Medications 

ACE Inhibitors (Angiotensin Converting Enzyme 

Inhibitor) 

Input & Output 

A II Blockers Input & Output 

Calcium Blocker Input & Output 

Diuretic Input & Output 

Alpha Blocker Output 

Beta Blocker Output 

Potassium-sparing diuretic Output 

RAAS Blocker Input 

Vital Signs Blood Pressure Input & Output 

Social History Observations Smoking Status Input 

Alcohol Consumption Status Input 

Allergies or Intolerances Intolerance to ACE inhibitors Input 

Prefetch term id Description Variables to be extracted from this 

prefetch item 

conditions All diagnosis of the patient as FHIR 

Conditions 

-Type 2 Diabetes diagnosis 

- Hypertension diagnosis 

-Microvascular Conditions 

-Macrovascular Conditions 

-ACE inhibitor intolerance 
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medications All medications used by the patient -ACE inhibitors 

-A II Blockers 

-Calcium Blockers 

-Diuretic 

-Alpha Blockers 

-Beta Blockers 

-Potassium-sparing diuretic 

-RAAS Blocker 

allergies Allergies of the patient ACE Intolerance 

bp Blood pressure Systolic and diastolic blood pressure 

smoking Smoking Status of the patient Smoking Status 

albumin_level Albumin level Albumin level 

alcohol Alcohol consumption status Alcohol status 

CARD 0 

summary Previous medication can have side effects. 

Detailed description If needed change medication. If continuing intolerance other than renal deterioration 

and hyperkalemia on ACE inhibitor change to A II blocker. 

source NICE guideline Hypertension in adults: diagnosis and management 

https://www.nice.org.uk/guidance/cg127 

CARD 1 

summary ACE inhibitor recommendation 

Detailed description Add Angiotensin Converting Enzyme Inhibitor, Blood pressure check (1-2 months 

interval) and Follow-up appointment 

source NICE guideline Hypertension in adults: diagnosis and management 

https://www.nice.org.uk/guidance/cg127 

Suggestion 1 

Medication Request Title Prescribe ACE inhibitor 

Description Prescribe ACE inhibitor 

Medication Code C09AA, Angiotensin Converting Enzyme Inhibitor, ATC 

Dosage Text - 

Appointment Title Treatment Follow-up Appointment 

Description 
Follow up to check the results of the treatment 

Status proposed 

start (Date + 6 weeks) 
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specialty - 

 

Activity Title Blood Pressure Observation 

Description 

 

Have Blood Pressure systolic and diastolic test before the 

control visit 

Category Observation 

Code 85354-9, Blood Pressure, LOINC 

performer PATIENT 

CARD 2 

summary A II Blockers recommendation 

Detailed description Add A II Blockers, Blood pressure check (1-2 months interval) and Follow-up 

appointment 

source NICE guideline Hypertension in adults: diagnosis and management 

https://www.nice.org.uk/guidance/cg127 

Suggestion 1 

Medication Request Title Prescribe A II Blockers 

Description Prescribe A II Blockers 

Medication Code C09CA, Angiotensin Receptor II, ATC 

Dosage Text - 

Appointment Title Treatment Follow-up Appointment 

Description 
Follow-up to check the results of the treatment 

Status proposed 

start (Date + 6 weeks) 

 

specialty - 

 

Activity Title Blood Pressure Observation 

Description 

 

Have Blood Pressure systolic and diastolic test before the 

control visit 

Category Observation 

Code 85354-9, Blood Pressure, LOINC 

performer PATIENT 

CARD 3 

summary Calcium Blocker recommendation 

Detailed description Add a Calcium blocker, Blood pressure check (1-2 months interval) and Follow-up 

appointment 
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source NICE guideline Hypertension in adults: diagnosis and management 

https://www.nice.org.uk/guidance/cg127 

Suggestion 1 

Medication Request Title Prescribe Calcium Blocker 

Description Prescribe Calcium Blocker 

Medication Code C08, Calcium Blocker, ATC 

Dosage Text - 

Appointment Title Treatment Follow-up Appointment 

Description 
Follow-up to check the results of the treatment 

Status proposed 

start 
(Date + 6 weeks) 

specialty 
- 

Activity Title Blood Pressure Observation 

Description 

 

Have Blood Pressure systolic and diastolic test before the 

control visit 

Category Observation 

Code 85354-9, Blood Pressure, LOINC 

performer PATIENT 

CARD 4 

summary Diuretic recommendation 

Detailed description Add a diuretic, Blood pressure check (1-2 months interval) and Follow-up 

appointment 

source NICE guideline Hypertension in adults: diagnosis and management 

https://www.nice.org.uk/guidance/cg127 

Suggestion 1 

Medication Request Title Prescribe Diuretic 

Description Prescribe Diuretic 

Medication Code C03, Diuretics, ATC 

Dosage Text - 

Appointment Title Treatment Follow-up Appointment 

Description 
Follow up to check the results of the treatment 

Status proposed 

start 
(Date + 6 weeks) 
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specialty 
- 

Activity Title Blood Pressure Observation 

Description 

 

Have Blood Pressure systolic and diastolic test before the 

control visit 

Category Observation 

Code 85354-9, Blood Pressure, LOINC 

performer PATIENT 

CARD 5 

Summary Alpha-blocker, beta blocker or potassium-sparing diuretic recommendation 

Detailed description Add an alpha-blocker, beta blocker or potassium-sparing diuretic (the latter with 

caution if patient is on ACE inhibitor or A II blocker), Blood pressure check (1-2 

months interval) and Follow-up appointment 

source NICE guideline Hypertension in adults: diagnosis and management 

https://www.nice.org.uk/guidance/cg127 

Suggestion 1 

Medication Request Title Prescribe Alpha-blocker 

Description Prescribe Alpha-blocker 

Medication Code C012CA, Alpha-adrenoreceptor antagonists, ATC 

Dosage Text - 

Appointment Title Treatment Follow-up Appointment 

Description 
Follow-up to check the results of the treatment 

Status proposed 

start 
(Date + 6 weeks) 

specialty 
- 

Activity Title Blood Pressure Observation 

Description 

 

Have Blood Pressure systolic and diastolic test before the 

control visit 

Category Observation 

Code 85354-9, Blood Pressure, LOINC 

performer PATIENT 

Suggestion 2 

Medication Request Title Prescribe Beta-blocker 

Description Prescribe Beta-blocker 

Medication Code C07, Beta blocking agents, ATC 


























































































































































































































































































































































