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ABSTRACT

Introduction: Healthcare information systems’ (HIS) lack of interoperability remains
a challenge and a barrier for important health-related events detection. While relevant
techniques are based on medical standards and technologies, these techniques do not
follow a holistic approach. The creation of a set of tools that fulfils the needs of interop-
erability is needed. Aim: The aim of this paper is to present the terminology service
envisioned while defining the initial design of the Interoperability solution proposed for
the CrowdHEALTH project. Methods: In the CrowdHEALTH project, specific subcompo-
nents responsible for providing the appropriate functionalities have been designed: The
rule engine for the implementation of the business logic, the Structure Mapping Service
which is responsible for creating and managing the knowledge related to the link that
exists between information structures, or mappings between them and the Terminology
Service for providing a set of operations on medical terminologies used for the coding of
medical knowledge, which fill the information structures. Results: Therefore, it is possi-
ble to provide a series of functionalities about these information elements found within
more complex structures expressed in a local code and translated into other standardized
medical terminology. Towards this end, CrowdHEALTH presents the terminology service
envisioned in the context of the initial design of the interoperability solution. Conclusion:
CrowdHEALTH project provides an infrastructure to convert the clinical information into
meaningful data so that healthcare systems communicate effectively. This initial proposal
will be further extended and tested during the project life circle.
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1. INTRODUCTION

With the expansion of the
available ICT services applica-
tions and sensors (1) have been
developed to detect patient
health conditions. Almost 275
million devices are available
in the global market as men-
tioned by Gartner (2). Currently
all these services operate in-
dependently, and the available
data are heterogeneous. There-
fore, limited value can be gained
from data exploitation. Data is
spread across different settings,

ORIGINAL PAPER / ACTA INFORM MED. 2019 DEC 27(5): 355-361

it is often devicebased or stored
in different systems. Due to the
lack of technology interoper-
ability and the large amounts
of health-related data, it is
common for certain health con-
ditions or early indications of
diseases not to be detected (3).
Full semantic interoperability
in healthcare systems seems a
work in progress. IEEE (4) defi-
nition for interoperability is the
“ability of a system or a product
to work with other systems or
products without special ef-
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fort on the part of the customer”. In the health-
care sector, the challenge is how to achieve seam-
less communication between healthcare organi-
zations, clinics, general practitioners and other
stakeholders, in order to provide complete and
accurate Electronic Health Records (EHR). Elec-
tronic Health records digitally store the data and
provide the means for exchanging patient in-
formation to authorized people when required
to monitor care (8), improve public health mon-
itoring and conduct research (6, 11, 9, 10). There-
fore, an EHR is best perceived as a collection of
statements of healthcare professionals actions,
interventions and observations (7) at a specific
time and place, for a particular patient. Medi-
cation, side effects, allergies, observations and
therapies can become available electronically
to doctors but they are usually expressed in dif-
ferent formats (5). Clinical information is com-
plex and requires a coordinated way to manage
the data. Healthcare providers and research ini-
tiatives require EHR data to be restructured into
a common format and standard terminologies,
linked to other data sources (12). The transforma-
tion into a common format is currently achieved
through the Health Level 7 (HL7) Fast Healthcare
Interoperability Resources (FHIR) standard (13),
which is widely accepted among different health-
care organizations to achieve interoperability
(14). In CrowdHEALTH, datasets with structured
and unstructured data coming from different Use
Cases are processed. Within this context, there is
a need to identify the entities and attributes from
a proprietary source and translate them

lars have been designed. The Rule engine for the
implementation of the business logic, the Struc-
ture Mapping Service for the creation and man-
agement of the knowledge related to the link that
exists between information structures, or map-
pings between them and the terminology service
providing a set of functions on medical termi-
nologies used for the coding of medical knowl-
edge, which fills the information structures. The
Terminology Service provides a set of operations
over terminologies which are defined using the
specifications of HL7 FHIR. The local code used
in a specific organization, regarding the patient
diagnosis, is translated into other standardized
medical terminologies, such as International
Classification of Disease-10 (ICD-10) or System-
atized Nomenclature of Medicine-Clinical Terms
(SNOMED-CT). The terminology service has an
interface layer that is intended to serve as the
main interaction point with the rest of external
services.

4. RESULTS

Terminology Service

The Terminology Service offers a set of oper-
ations on medical terminologies used for coding
of medical knowledge, which fill the informa-
tion structures. This way, it is possible to provide
a series of functionalities (semantics) about these
information elements found within more com-
plex structures. One of the purposes provided by
the Terminology Server will be the translations
of local codes of an organization to the codes of
other more standardized terminologies, for ex-

to a resource specification.

2. AIM

The aim of this paper is to present the
terminology service envisioned while
defining the initial design of the In-
teroperability solution proposed for the
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Figure 2. The terminology service architecture

ample SNOMED CT or ICD-10 (Figure 1).

The Terminology Service provides a defined set
of operations over terminologies. The operations
are defined using the specifications of HL7 FHIR,
with the aim of fulfilling the needs of health-
care applications for the use of codes from avail-
able medical vocabularies that represent clinical
knowledge. The Terminology Service operations
are:

- Value Set expansion;

- Concept Lookup / Decomposition;

- Value Set Validation;

- Subsumption testing;

- Batch Validation;

- Translation;

- Batch Translation;

- Maintaining a Closure Table.

In order to provide these operations, it is neces-
sary to load the terminologies used by organiza-
tions, create and store those translations required
by use cases and finally performthe operations.
For this purpose, the terminology service has the
architecture illustrated in Figure 2:

The terminology service has an interface
layer serving as the main interaction point with
the rest of external services. In order to pro-
vide all the expected operations defined by HL7
FHIR standard, two internal subcomponents are
needed as well as an external service provided by
a common FHIR server. A controller is developed
for each of these services used by the terminology
service, whether being internal or external. The
purpose of these controllers is to include methods
used for the interaction with each of the sub-ser-
vices, thus decoupling each of the interactions
with different external/internal services. The
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Terminology Store manages and provides dif-
ferent medical vocabularies deployed by the Ter-
minology Service. All the ontologies stored inside
this service use a NoSQL graph-oriented data-
base, in order to improve the execution of que-
ries that require browsing the taxonomies which
structure these terminologies. This subcompo-
nent is the main element of interaction with the
terminologies it stores, offering almost all oper-
ations on them. For highly expensive operations,
another subcomponent is available which pur-
pose is to improve the request processing times,
in order to complete the operations in the usual
and expected interaction times of a RESTful ser-
vice. The Closure Table stores a transitive closure
table, listing transitive subsumption relation-
ships in a more rapid manner. The purpose of this
subcomponent is to serve as cache for client re-
sults. Thus, the terminology service through the
Terminology Store provides operations that are
more resource-demanding, and the Closure table
stores some of these operation results to be avail-
able after client requests. The FHIR Server is an
external service of the Terminology Service sub-
component. This service is needed becausethe
translation operation (that translates a medical
idea from a code of a specific terminology to the
code of another terminology) relies on the cre-
ation of a set of ConceptMap FHIR resources for a
specific translations. Since specific requirements
cannot be supported by a universal translation
ofcodes, due to possible changes of the meaning
of medical information, a set of specific transla-
tions must be created. This way, specific trans-
lations can be created to meet specific needs for
the transformation of medical facts between ter-
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minologies in a controlled and supervgmailed
manner. For example, a healthcare organization
has an internal code of ‘ENDO’ for coding the en-
docrinology service, so a mapping between the
code ‘ENDQ’ and the SNOMED CT code ‘Endocri-
nology service | 700434000’ is created. Since the
code ‘ENDO’ can be used in other organizations
for codinga different concept, this translation
should be specifically used within the given con-
text of a use case,and avoid using universal trans-
lations without proper supervision As the FHIR
ConceptMap resource proposes, these transla-
tions will be one-directional. All the translations
from a source terminology target a destination
terminology in a specific context. For example,
the set of codes used within a secondary care fa-
cility to name the different services of the hos-
pital (cardiology, rheumatology, oncology, etc),
can be translated into the coded representation
provided by SNOMED CT. A ConceptMap resource
will be created where the source code will be each
of the internal codes (local coding of the hospital),
and the target will be the selected codes from the
SNOMED CT terminology. These translations
will be valid only for this specific context, and to
translate from local terminology to SNOMED CT
and not vice versa. Another ConceptMap needs
to be created in order to provide translation
from SNOMED CT to the internal hospital service
coding that maps the SNOMED CT set of service
codes to the destination set codes of the internal
terminology in this given context. The purpose of
the Error logging is to provide a normalized set
of operation outcome description from the Ter-
minology Service and to account for and store all
the possible outcomes that are carried among the
Terminology Service subcomponents, the Termi-
nology Store, Closure Table and interactions with
the FHIR Server. The Terminology Service intends
to comply with the Application Programming In-
terface (API) specified by FHIR so the operations
that this standard specifies will be summarized.

Value Set Expansion

AValueSet is a set of codes from different termi-
nologies or code systems defined by a set of rules.
This operation returns a list with current codes
that are included in the requested ValueSet. The
formal definition of this operation is included in
the operations for the FHIR resource ValueSet.

Required information for this operation:

« The ValuetSet intended to be expanded. Pro-
vided by its URL on the RESTful interface, by its
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logical identifier or directly as a parameter;

- Text filter (optional) to restrict codes that are
returned,

- Date and time (optional) at which the expan-
sion should be evaluated;

- Page (optional) to retrieve, breaking the ex-
pansion into a set of chunks;

- Reference to an ExpansionProfile (optional)
that supplies additional information about how to
perform the expansion.

The result of the operation is a ValueSet resource
with the current list of codes. In case of an error a
resource OperationOutcome will be returned. The
URL defined to carry out this operation will be as
follows:

As an example, for requesting the expansion of
a ValueSet already available the FHIR server, will
be as follows:

Or if the ValueSet is specified by the client using
JavaScript Object Notation (JSON):

The response:

Value Set Validation

ValueSet validation is the inverse operation for
the ValueSet expansion, resolving if a given code
is included in a specified ValueSet.

Required information for this operation:

- The ValuetSet with which to be validated. Pro-
vided by its URL on the RESTful interface, by its
logical identifier or directly as parameter;

- The code value. String, a Coding data type or a
CodeableConcept data type;

- Date and time (optional) at which the expan-
sion should be evaluated.

The result of the operation will be true/false
indicating if the code/concept is valid for the
given ValueSet. In case of error a resource Opera-
tionOutcome will be returned. The URL defined to
carry out this operation will be as follows:

The following example is a request whether or
not the SNOMED CT code 6142004 is included in
the ValueSet:

Or if both the ValueSet and the code is specified
by the client using JSON:

The response:

Batch Validation

A batch process is defined to perform the Val-
ueSet validation operation with the aim of pro-
viding a better scalable interface. Thus, a set of
validation operation requests can be incorpo-
rated into a single request and result in a single
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pack with correspondent results. The entire re-
quired validation request will be packed in a FHIR
resource Bundle and will be POST into the URL
previously provided, as follows:

The response:

Concept Lookup / Decomposition

For the retrieval of information regarding a
specific code from a given system, the following
information is required:

- The code value. String or a Coding data type;

- Id or URL (optional) of the system (termi-
nology) where the concept is being looked up;

- Date (optional) at which the result should be
returned,

- Properties (optional) that are intended to be
returned.

The result of the operation will be a set with the
following information:

- Label or display of the code;

- Name of the system,;

- Version of the code system used;

- Definition of the code;

- Designation for the code, like an alphanumeric
code for its representation;

- Designation in language (‘EN’ for english,
‘SLO’ for Slovenian, etc);

- Parent codes for the code (if defined in a hier-
archy);

« Child codes of the code (if defined in a hier-
archy).

- Or in case of error a resource OperationOut-
come will be returned.

The URL defined to carry out this operation will
be as follows:

As an example, for requesting the lookup of the
SNOMED CT code “6142004”, will be as follows:
GET [base]/CodeSystem/Slookup?code=6142004
.Or if the code is specified by the client using XML
of the data type Coding:

The response:

Subsumption testing

Semantic inclusion between codes allows the
identification of a possible kinship relationship
between two given concepts, i.e. the meaning of a
concept is broader than the other one, so it is se-
mantically included in the broader one.

Required information for this operation:

+ The code ‘A’ and ‘B’ value. Strings or Coding
data type;

- The system that the codes belong to;
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- The version (optional) of the code system.

The result of the operation will be one of the fol-
lowing options:

- Equivalent. Concept A is equivalent to B, and
vice versa;

- Subsume. Concept A subsumes B ;

- Subsumed-by. Concept B subsumes A;

- Not-subsumed. Concept A and B are not related
by any subsumption relationship.

Or in case of error a resource OperationOutcome
will be returned. The URL defined to carry out this
operation will be as follows:

As an example, for requesting the subsumption
of the SNOMED CT concept with the “6142004”
“Influenza” and the concept “55604004” “Avian
influenza”, will be as follows: GET[base]/Code-
System/Ssubsumes?system=http://snomed.info/
sct&codeA=6142004&codeB=55604004 . Or if the
code is specified by the client using XML of the
data type Coding:

The response:

Translations

The availability and use of different code sys-
tems create the need of an operation of transla-
tion between them when possible. This operation
addresses thisissue by providing the code, system
and the ConceptMap (statement of relationship
from one set of concepts to other concepts) to use
as mapping table, or the source and destination
context (source and destination ValueSet) where
the translation needs to be performed.

Required information for this operation:

- The code value. String or Coding or Codeable-
Concept data type;

- The system that the code belongs to;

- ConceptMap (optional) to use for the transla-
tion;

- ValueSet for source (optional). Provided by URL
on the RESTful interface, by logical identifier or
directly as parameter;

- ValueSets for destination (optional). Provided
by URL on the RESTful interface, by logical iden-
tifier or directly as parameter.

The result of the operation will be Coding data
type with the code translated. In case of error a
resource OperationOutcome will be returned. The
URL defined to carry out this operation will be as
follows:

As an example, for requesting the translation of
the SNOMED CT concept with the code “20735004”
“Syphilitic aortitis (disorder)” to ICD-10-CM, will
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be as follows:

Since no source ValueSet is provided, it is as-
sumed that the whole code system SNOMED CT
replaces the source ValueSet. In this case the
translation is performed between two general
contexts since both, source and destination, are
whole code systems with no specific context.

The response:

Batch translations

In order to provide a better scalable interface,
and identical to Batch ValueSet Validation, a batch
process is specified to carry out the Translation
operation. The entire required validation request
will be packed in a FHIR resource Bundle that will
be POST into the URL previously provided, as fol-
lows:

The response:

POST [base]/ConceptMap/Stranslate

[other headers)]

i
"ResourceType": "Bundle”,
"type": "batch",

"entry": [{
"request": {
"method": "Get",
"url":

id/icd-10-cm"
}
b
{
"request": {
"method": "GET",
"url":

id/icd-10-cm "

}
]
i

The response:

HTTP/1.1 200 OK
[other headers)

{
"ResourceType": "Bundle”,
"type": "batch-response”,
"entry": [{
"resource": {
"resourceType": "Parameters”,
"parameter": [{
"name": "result”,
"valueBoolean": "true"
b
{
"name" : "outcome”,
"valueCoding" : {
"system" : "http://hl7.org/fhir/sid/icd-10-cm",
"code" : "A52.02",

"display" : "Syphilitic aortitis"

5. CONCLUSIONS

In this paper the initial design of the termi-
nology service was presented. In order to trans-
form (15) the hospital-centric paradigm to pa-
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“ConceptMap/Stranslate?system=http://snomed.info/sct&code=20735004&target=http://hl7.org/fhir/s

"ConceptMap/Stranslate?system=http://snomed.info/sct&code=81844008&target=http://hl7.org/fhir/s

|
{
"resource": {
"resourceType": "Parameters”,
"parameter": [{
"name": "result",
"valueBoolean": "false"
|2
{
"name" : "outcome”,
"valueCoding" : {
"system" : "http://hl7.org/fhir/sid/icd-10-cm",
"code" : "T57.0X1",
"display" : "Toxic effects of arsenic compounds"
}
|
H

}

tient-centric view (16), full semantic interoper-
ability must be achieved. To this end, the Crowd-
HEALTH project provides an infrastructure to
convert the clinical information into meaningful
data so that healthcare systems communicate ef-
fectively, facilitating the medical and nursing (17)
healthcare personnel to reach efficient clinical
decisions (18, 19). This initial proposal will be fur-
ther extended and tested during the project life
circle..

e Acknowledgements: CrowdHEALTH project is co-funded by the Ho-
rizon 2020 Programme of the European Commission Grant Agreement
number: 727560 — Collective wisdom driving public health policies..

e Author’s contribution: Each author gave substantial contribu-
tion in acquisition, analysis and data interpretation. Each
author had a part in preparing article for drafting and re-
vising it critically for important intellectual content. Each
author gave final approval of the version to be published
and agreed to be accountable for all aspects of the work
in ensuring that questions related to the accuracy or in-
tegrity of any part of the work are appropriately investi-
gated and resolved.

e Conflict of interest: None declared.

REFERENCES

1. Mena LJ, Felix VG, Ostos R, Gonzalez JA, Cervantes A,
Ochoa A, et al. Mobile personal health system for am-
bulatory blood pressure monitoring. Computational and
mathematical methods in medicine. 2013: 598196, 13.
doi: 10.1155/2013/598196.

2. Weinswing D. The wearables report 2016: Reviewing a
fast-changing market. The Fung Group (2016) Avail-
able at: https://www.fbicgroup.com/sites/default/files/
The%20Wearables%20Report%202016%20by%20
FBIC%20Global%20Retail%20and%20Technolo-

ORIGINAL PAPER / ACTA INFORM MED. 2019 DEC 27(5): 355-361



10.

11.

gy%20June%2021%202016.pdf

Kiourtis A, Mavrogiorgou A, Kyriazis D. Aggregating
Heterogeneous Health Data Through an Ontological
Common Health Language. 10th International Confer-
ence on Developments in eSystems Engineering (DeSE).
2017. doi: 10.1109/DeSE.2017.9

The Role of Standards in Engineering and Technology.
Institute of Electrical and Electronics Engineers (IEEE).
2007.Available at: http://www.ieee.org/education_ ca-
reers/education/standards/standards__glossary.html.
Celesti A, Fazio M, Romano A, Villari M. A hospital
cloud-based archival information system for the ef-
ficient management of HL7 big data. MIPRO, 39th In-
tern. Convention, IEEE. 2016; 406-411. doi: 10.1109/MI-
PRO.2016.7522177

Kush RD, Helton E, Rockhold FW, Hardison CD. Elec-
tronic health records, medical research, & the Tower of
Babel. New England J. of Med. 2008; 358(16): 1738- 1740.
doi: 10.1056/NEJMsb0800209.

Rector AL, Nowlan WA, Kay S. Foundations for an elec-
tronic medical record. Methods Inf Med. 1991; 30(3):
179-186.

Jaspers MW, Knaup P, Schmidt D. The computerized
patient record: where do we stand. Yearb Med Inform.
2006;29-39.

Rynning E. Public trust and privacy in shared electron-
ic health records. European Journal of Health Law. 2007,
14(2):105-112. doi: 10.1163/092902707X211668.

Kalra D. Electronic health record standards. Schattauer
GMBH Verlag. 2006; 136-144,.

Dowshen S. Electronic Health Records. kidshealth.org
2016 Available at: http://kidshealth.org/en/parents/

ORIGINAL PAPER / ACTA INFORM MED. 2019 DEC 27(5): 355-361

Interoperability Techniques in CrowdHEALTH project: The Terminology Service

12.

13.

14.

15.

16.

17.

18.

19.

20.

ehrs.html

Kiourtis A, Mavrogiorgou A, Menychtas A, Maglogi-
annis I, KyriazisD. Structurally Mapping Healthcare Da-
ta to HL7 FHIR through Ontology Alignment. Journal of
Medical Systems. 2019;43(62): 195. doi:10.1007/s10916 -
019-1183-y

FHIR Release 4 (v4.0.0) HL7.0rg 2011+. 2018. Available
at: https://www.hl7.org/fhir/.

Dumontier M. Building an effective semantic web for
health care and the life sciences. Semantic Web J. 2
Mantas J. Future trends in Health Informatics - theoret-
ical and practical. Studies in health technology and in-
formatics. 2004; 109: 114-127.

Liaskos J, Frigas A, Antypas K, Zikos D, Diomidous M,
Mantas J. Promoting interprofessional education in
health sector within the European Interprofessional Ed-
ucation Network. International Journal of Medical In-
formatics. 2009; 78: S43-S47.

Mantas J. Developing curriculum in nursing informatics
in Europe. International journal of medical informatics.
1998; 50(1-3):123-132.

Hasman A, Mantas J. IMIA accreditation of health in-
formatics programs. Healthcare informatics research.
2013; 19(3): 154-161.

Masic L. The History and New Trends of Medical Infor-
matics. Donald School Journal of Ultrasound in Obstret-
ics and Gynecology, October-December 2012; 6(4): 313~
322.

Plati C, Lemonidou C, Katostaras T, Mantas J, Lanara V.
Nursing manpower development and strategic plan-
ning in Greece. Image: the Journal of Nursing Scholar-
ship. 1998; 30(4): 329-333. d0i:10.3233/SW-2010-0018.

361



