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Use of Semantic Interoperability to 

Improve the Urgent Continuity of Care in 

Danish ERs 

 

Sine Nordstrøm Lambert ANDERSENa,1, Cecilie Mørk BRANDSBORGa, and  

Louise PAPE-HAUGAARDa 
aDepart. of Health Science and Technology, Aalborg University, Denmark 

Abstract. Reuse of patient data from prehospital electronic health record (EHR) to 
EHRs in emergency rooms is currently non-existing. In Danish EHRs, access to 
patient data recorded in prehospital settings is either not available or accessible in a 
PDF file. The amount of patient and administrative data registered at the prehospital 
unit is high and includes a rich representation of the accident, the patient and 
treatment. By applying emphasis framing to the representation of data, information 
overload can be diminished. Several international studies have investigated the 
suboptimal reuse of data within this field. Hence, the aim of this pre-study was to 
develop webservices based on emphasis framing to increase interoperability between 
the prehospital health record and the emergency room’s EHR. In this study, 
requirements engineering and emphasis framing was applied. Iterative linear 
requirement specification process was chosen as a frame to address the aim. The five 
included phases were revisited due to the iterative nature of this study. Tools used in 
the requirement engineering process were semi structured interviews and direct 
observations. The pre-study resulted in 12 Fast Healthcare Interoperability 
Resources (FHIR) profiles using SNOMED CT terminology bindings. The profiles 
contained elements which represented primarily patient data recorded in the 
prehospital setting. The profiles were compared to a case representing the urgent 
continuity of care to validate their ability to standardize data from prehospital health 
records. Conclusively, FHIR profiles can be modelled to standardize prehospital 
urgent patient data to support the patient trajectory. With the applied emphasis 
framing, the clinical context and content have been maintained.  

Keywords: Interoperability, prehospital care, Emergency room, FHIR, SNOMED 
CT 

1. Introduction 

At the site of incident or during transfer to the Emergency Room (ER), the prehospital 

unit (PU) is making several recordings to assess the patient, thus registrations in the 

electronic prehospital health record (PHR). When the patient is handed over to the ER-

personnel, few of the registrations have to be reassessed. The registrations are currently 

currently accessible in a PDF file or as handwritten notes. This PDF file is compiled when 

the paramedics are handing over the patient. Accessing the PDF file is a manual and time 
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consuming task in an extreme critical workflow. Raeisi et al. [1] is also arguing that the 

handoff of the patient in the interface between PU and ER is crucial for further course. 

Multiple studies showed that the communication between the PU and the ER was 

suboptimal [1-5]. A study focused exclusively on patient data to be communicated and 

shared across PU and ER [6]. Other studies developed IT-systems aiming at real time 

transmitting recorded patient data across PU and ER [7-10]. A solid digital infrastructure 

aiming at increasing data transfer across PU and ER could potentially improve the digital 

communication. [11,12]. One possible solution to support a digital infrastructure is 

simply a webservice platform. [13] Such an infrastructure can support the clinical 

requirement of only reusing time-relevant patient data [14], as reuse of data should not 

occur with outdated data.  

The case below exemplified the continuity of care for the acute patient: 

To investigate the objective of the study a patient case has been generated. The 

requirements to a realistic case was to illustrate the amount and richness of patient data 

recorded in PU. When meeting the requirements to the case, information overload might 

occur, demonstrating the relevance of emphasis framing. The case is validated through 

literature and a clinician. 

** “A patient was cutting branches of a large tree in the garden, where the patient 

fell 2 meters down from the ladder. When the ambulance arrived, the patient was 

conscious but complained of pain in the right arm and at the right hip (VAS: eight out of 

ten). The patient had no known allergies but had well-treated type 2 diabetes. After the 

medical history was recorded, the ambulance rescuers triaged the patient. The patient's 

vital parameters were: Temp: 36.8 °C, HR: 111/min, RF: 31 /min, BP: 150/100 mmHg, 

SpO2: 89% and GCS: 14. The patient had free airways but moderate shortness of breath. 

Due to the height of the fall, the patient was placed on a spine board with a collar to 

ensure stability. When the patient entered the ambulance, the ambulance rescuers treated 

the patient with morphine (10 mg, given intravenously). The patient was examined and 

the ambulance rescuers suspect a fracture of the hip and a fracture of the right forearm, 

which was entered as a note to the ER. The ambulance rescuers transported the patient 

to the ER.” ** 

This pre-study investigates how emphasis framing can be applied when patient data 

have to be shared across two separate units, PU and ER, with heterogeneous IT-solutions.  

2. Methods and materials 

With the use of Requirements Engineering (RE), it was partly ensured that the 

requirements for the webservice were elaborated and specified, but most importantly, it 

was ensured that the webservice could ultimately be verified and validated on the basis 

of the requirements. In addition, RE ensured that the requirements met the needs 

identified by the stakeholders. [15] Stakeholders for this study were emergency nurses. 

Interviews and observations were conducted at Hjørring Hospital, Denmark and Aalborg 

University Hospital, Denmark. 

Iterative linear requirements specification process (ILRSP) was chosen because the 

inputs created the basis for the requirements that had to be set, and it was therefore 

deemed essential to have these well-defined. [16] The phases of ILRSP was elicitation, 

analysis, documentation and validation of the requirements. [15] For the standardization, 

HL7 FHIR standard and SNOMED CT-terminology bindings were used. To standardize 
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data, Forge (version 4.0.1) for HL7 FHIR (Firely Amsterdam, Bos en Lommerplein 280, 

1055 RW Amsterdam, The Netherlands) was used. 

3. Results 

In the phase of requirements analysis, the information gathering and documentation 

process of the urgent patient care was investigated to identify which HL7 FHIR profiles 

were to be used. The identified profiles were investigated and a blueprint was created to 

form the architectural foundation of the project. 

With the use of the developed 12 profiles, it was ensured that the data required by 

the stakeholders was standardized for further reuse. The 12 profiles were compared to 

the case from the Introduction to validate their ability to standardize data from PHR. 

The comparison can be seen in Table 1. 

Table 1. The table compares the case from the introduction with the developed 12 profiles. the case is broken 
down into manageable bits which are linked to the profile in which the data is standardized. 

Case FHIR profile 

A patient... Patient

… is cutting branches of a large tree in the 

garden, where the patient fell 2 meters down from 

the ladder. 

ClinicalImpressionVitalSignsTriage 

When the ambulance arrives, the patient is 

conscious but complains of pain in the right arm 

and at the right hip (VAS: eight out of ten).

ClinicalImpressionVitalSignsTriage 

The patient has no known allergies... ObservationAllergyIntolerance

… but has well-treated type 2 diabetes. ObservationCurrentMedicationUse 
ObservationPriorIllness

The patient's vital parameters are: Temp: 36.8 °C, 

HR: 111/min, RF: 31 /min, BP: 150/100 mmHg, 

SpO2: 89% and GCS: 14. The patient has free 

airways but moderate shortness of breath.

ClinicalImpressionVitalSignsTriage 

Due to the height of the fall, the patient is placed 

on a spine board with a collar to ensure stability.

ProcedureTreatment 

When the patient enters the ambulance, the 

ambulance rescuers treat the patient with 

morphine (10 mg, given intravenously). 

MedicationAdministrationGivenMedicine 
Medication 
SubstanceActiveIngredient 

The patient is examined and the ambulance 

rescuers suspect a fracture of the hip and a 

fracture of the right forearm. 

ClinicalImpressionVitalSignsTriage 

 

In the table, the information from the case was linked to the FHIR profile which 

contained the registration of that piece of information. All requested data from the 

stakeholders were illustrated in the case, and as the table showed, all the information in 
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the case was contained in the developed profiles. Furthermore, the reuse of data from the 

PHR included the profiles Encounter, Organization and Practitioner. 

4. Discussion 

By utilizing the needs of the stakeholders, the study sought to prevent information 

overload. Therefore, further research of the information applicable for the personnel in 

the ER was necessary to counteract information overload. The findings of the study by 

Laker et al. (2018) [17] emphasize the importance of a compromise when deciding on 

the amount of data to reuse. Therefore, the use of emphasis framing has the potential to 

improve the quality of the treatment, though the decision making time may increase. To 

fully understand the benefits of using emphasis framing in this study, it will require 

implementation of the FHIR profiles in the webservice and user test of the EHR system 

when data is reused. 

In the development of the 12 FHIR profiles, elements of the resources were excluded 

and elements that would be beneficial for prehospital data were not present. Currently, 

the FHIR base resources do not fully incorporate prehospital incidents and actions. The 

prehospital field is limited as the information that can be gathered is often predefined in 

the PHR. To standardize data from PRH more thoroughly and thereby obtain complete 

interoperability, more FHIR base resources specific to the prehospital field must be 

developed. The semantic interoperability would also be strengthened if SNOMED CT 

contained exact terminologies which reflect the information gathered in PHR. In this 

study, registrations from PHR are compelled to bind to two SNOMED CT terms and 

others are compelled to bind to an equivalent but not exact SNOMED CT term. Since the 

Danish PHR has predefined registrations, it would benefit the semantic interoperability 

if the registrations were defined in the SNOMED CT terminology database. 

Further research within this context is necessary to evaluate the true effect of the 

developed FHIR profiles in a specific clinical setting. Further research could include an 

in-depth analysis of how more data from PHR could be reused in EHR as well as user 

tests of the EHR system when the FHIR profiles are implemented in the webservice. 

To enhance semantic interoperability between PHR and EHR, 12 HL7 FHIR profiles 

containing SNOMED CT terminology bindings were developed. The profiles are 

developed using requirements engineering and emphasis framing which ensures the 

quality of the reused data. It is concluded that the FHIR profiles contain elements to 

standardize data from an urgent continuity of care based on the registrations in PRH. 

Thereby, the clinical content and context are maintained.  
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