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Abstract. Retrospective studies play an important role in advancing medical
research, yet especially cohort definitions are often provided in unstructured text
form or in a non-standardized format. This lack of formalization hinders
reproducibility, consistency, and automated reuse. Therefore, we present a
framework for the structured and standardized specification of cohort definitions
within FHIR resources. Drawing from a systematic review of retrospective studies,
we derived six modelling categories for cohort definitions (1) patient demographics,
(2) standardized medical terminology, (3) clinical results definition, (4) temporal
data representation, (5) temporal relationships and dependencies, and (6) logical
combination of criteria. Each category is implemented using native or minimally
extended FHIR properties, establishing a one-to-one correspondence between
cohort definitions and the original clinical data. This enables both human readability
and automated processing, supporting use cases such as feasibility searches and
transparent cohort documentation in study publications.
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1. Introduction

The application of artificial intelligence (AI) in the medical field has been a rapidly
growing area of research, promising significant advancements in diagnostics, treatment
optimization, and patient care. However, one of the most critical challenges facing
researchers in this domain is the lengthy and resource-intensive process of defining,
accessing, and utilizing clinical data.

Despite the pressing need for efficient data handling mechanisms, there is currently
no internationally accepted standardized approach for the computer-interpretable
representation of study parameters and cohort definitions. Instead, these parameters are
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often conveyed through unstructured text, which can be ambiguous and lacks the
consistency required for seamless reuse. This limitation affects various stages of the
research process, including study proposals, ethical approvals, data searches, and the
eventual publication of results.

Previous studies have attempted to address these challenges through various
approaches. For example, [1] analyzed requirements for feasibility queries and
developed a Clinical Cohort Definition Language for feasibility queries. Other research
highlights the importance of standardized data dictionaries and databases for consistent
study comparisons [2], alongside efforts to combine machine learning and rule-based
methods to convert eligibility criteria into executable OMOP Common Data Model-
compliant queries [3]. Approaches based on standardized frameworks such as FHIR
(Fast Healthcare Interoperability Resources) have also been investigated. For instance,
systems have been developed to define clinical study inclusion criteria and enable
automatic patient searching, particularly focusing on cardiology [4]. Another study
presented a method that matches FHIR-based patient data against clinical study inclusion
criteria to identify suitable candidates [5].

Despite these advancements, the field still lacks a broadly accepted, structured, and
standardized approach to define cohort definitions in a manner that is both user-friendly
and intuitively applicable. Therefore, the aim of this study is to propose a novel,
technology-agnostic framework for the structured, standardized collection of cohort
definitions. This approach seeks to provide a more consistent, reproducible, and efficient
method for researchers and healthcare institutions to define data for clinical studies.

2. Methods

We conducted a systematic review of retrospective studies available on
ClinicalTrials.gov?. All studies were filtered using the search term Retrospective Study
and the location filter Germany, which also includes worldwide studies with at least one
participation partner in Germany. Out of the 579 studies meeting these criteria at the time
of the search, we randomly selected 164 (= 28 %, see [6]) studies and analyzed their
eligibility criteria. Different categories reflect distinct aspects of criteria, such as
temporal constraints, or clinical conditions when defining cohorts. In the next step, we
formalized these categories using a FHIR-compliant format.

3. Results

Six modelling categories were derived from the findings of the study review. We propose
a framework that enables the definition of cohort criteria via support for

1. Patient Demographics The framework must support the definition of
patient data based on demographic characteristics, including age or age
ranges, gender, and place of residence (e.g., country and postal code).

2. Standardized Medical Terminology Medical concepts within the
framework must be defined using standardized coding systems, such as
ICD-10/ICD-11, LOINC, and SNOMED CT. Medical concepts must be
mappable to multiple codes across different systems simultaneously.

2 https://clinicaltrials.cov/
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3. Clinical Results Definition The framework must support the specification
of medical result parameters, including measured values (e.g., laboratory
results), reference ranges, and clinical interpretations.

4. Temporal Data Representation The framework must support the
specification of precise time points or intervals of medical events or results.

5. Temporal Relationships and Dependencies The framework must support
modeling (temporal) dependencies between various medical events
including recurring events or results within a specific timeframe (e.g.,
"Laboratory value X exceeded the threshold at least three times") and
time-based dependencies between events or relative to the patient’s age
(e.g., "Diagnosis X must be made at least six months before Diagnosis Y").

6. Logical Combination All definitions must be combinable using logical
operators (AND, OR, NOT) enabling cohort definitions.

Our goal is to represent cohort definitions directly within FHIR resources, by using
and extending the respective properties in which original information is stored. This
approach enhances both human readability for those with FHIR knowledge and the
automatic search for data fulfilling the criteria specified in the document. For each
category, we state how they can be modelled in a FHIR-compliant format. An example
of'a complete specification document of a research study including two cohort definitions
can be found on GitHub [6].

To implement the Patient Demographics category, we first introduce a new FHIR
object that represents an operator/value-pair. We extend properties ‘birthDate’, ‘gender’
and ‘address.postalCode’ of the ‘Patient’ resource to optionally accept such
operator/value-pairs. Accordingly, we realize Standardized Medical Terminology by
extending the ‘code’ property of resources like ‘Observation’ or ‘Condition’ to also
accept operator/value-pairs. Since ‘coding’ is an array of objects, we allow multiple
entries. Each entry then represents a different code system and all entries are connected
via logical OR.

{

"coding": [{

"system": < ICD-10 | LOINC | SNOMED CT | OPS | ATC |
>y
"code": {
"operator": < "$eq" | "$ne" | "$in" | "$nin" >
"value": < string | list >
}
H]

}

The Clinical Results Definition does not require any extension, it can be captured
by existing FHIR properties. To define measured values, we use the ‘valueQuantity’
property of the ‘Observation’ resource type. This property allows to specify a measured
value, its unit and additionally a quantity comparator. To define ranges of measured
values, we use the ‘valueRange’ property; clinical interpretations are stored in the
‘interpretation’ property of ‘Observation’.

Temporal Data Representation can be captured using operator/value-pairs if we
want to express that a medical event took place before, after, or on a particular date or
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time span. We hence extend the ‘<onset | effective | performed | ... > dateTime’ properties
of aforementioned resource types accordingly. To determine the duration of an event,
‘<onset | effective | performed | ... > Period’ properties are used. Therefore, we extend
the operator/value-pair from above by the following comparator object:

"LHSvalue": < comp. value | computation >,

// e.g., perfomedPeriod.end - performedPeriod.start
"operator": < "S1lt"|"$lte"|"Sgte"|"Sgt"|"Seq"|"Sne" >,
"RHSvalue": < comparison value >

// e.g., 5 days

We use the ‘Encounter’ resource to model Temporal Relationships and
Dependencies. We assume that medical events and observations are associated with a
specific encounter. To explicitly state that certain events must have occurred during the
same encounter, we use the encounter property to reference a shared encounter instance.

If medical events shall be linked, but do not necessarily need to be related to the
same encounter, we extend the ‘basedOn’ array of the respective resource. Each element
in this array is enhanced to accept references to ‘Encounter’ and ‘Patient’, along with an
optional comparison object to express more complex dependencies. These comparisons
refer to properties of the linked ‘Encounter’ (‘Patient’) via their respective referenced
IDs. Referenced encounters may include additional requirements, such as their encounter
type, or observations and conditions that must have occurred. All entries within the
basedOn array are combined using logical AND, meaning all specified conditions must
be satisfied.

Throughout this modelling and even if not directly specified, it is implicitly
understood that all referenced data pertains to the same patient. This approach is not
limited to the ‘Encounter’ resource; any FHIR resource that includes the ‘basedOn’
property can be extended in the same manner to express dependencies or comparisons
between, for example, medications.

"basedOn": [{
"reference": "Encounter/enc2",
"LHSvalue": < computation >,
// e.g., enc2.cond2.onsetDateTime -
encl.condl.onsetDateTime
"Operator": < "$lt"‘"$lte"|"$gte"‘"$g—t"|"$eq"|Hsne" >,
"RHSvalue": < comparison value >

H

Logical Combinations are made as follows: An entire cohort definition is made by
adding all references of all entries to a ‘Group’ resource that is referenced in the
‘enrollment’ array of ‘ResearchStudy’. Within each group, all requirements are ‘AND’-
connected. If multiple cohorts need to be defined, additional groups can be added that
are considered independently of each other.
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4. Discussion and Conclusion

In this paper, we proposed a framework for the structured and standardized
specification of cohort definitions for retrospective medical research. From a systematic
review of studies, we derived six modelling categories representing key criteria for
defining study populations, which we directly embedded into FHIR resources, ensuring
a one-to-one correspondence between criteria definition and original data. The resulting
specification is both human- and machine-readable, and can be used for an automated
search of existing data as described in [7] or for a transparent data description in the
publication of a study. A user-friendly interface facilitates the formalization process
without needing to have knowledge of the FHIR standard, as proposed in [8].

To enable data search using the proposed specification document, data must be
collected and stored in a universally standardized way, using established standards,
terminologies, and ontologies, for example FHIR or ICD. However, this level of
standardization is not guaranteed in practice, as hospitals often use institution-specific
coding systems and data formats. While many data requirements can be mapped to our
six proposed modelling categories, certain limitations remain. The current framework
lacks the ability to specify follow-up studies of specific previous studies, include planned
or optional procedures, or define requirements for family history or anamnesis data.
Although the framework cannot yet capture all types of study requirements, we consider
it a meaningful step toward standardizing retrospective study definitions.
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