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Abstract. Patient access to electronic health records (EHRs) is associated with
improved efficiency, self-management, and patient engagement. However, the EHR
contains medical language that can be difficult to comprehend by patients. In Dutch
hospitals, the Diagnosethesaurus (DT) is used as an interface terminology to register
diagnoses, but it does not contain patient-friendly terms. Fortunately, the DT is
partly mapped to SNOMED CT and there is a proportionately small set of patient-
friendly terms available in the Dutch SNOMED CT release. The purpose of this
study was, therefore, to investigate if SNOMED CT can be used to generate
clarifications of diagnoses for patients. Only 1.2% of the DT diagnoses that were
already mapped to SNOMED CT had patient-friendly synonyms that were different
from the diagnoses descriptions. However, by generalizing diagnoses to SNOMED
CT concepts with patient-friendly terms, this number could be increased to 71%. In
conclusion, we showed that a high percentage of diagnoses could be clarified to at
least some extent with the relatively small set of patient-friendly terms. Future
research will involve the further optimization of the clarifications, and evaluation
with clinicians and patients.
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1. Introduction

There is an increased attention to patient access to electronic health records (EHRs),
because of associated benefits such as improved patient satisfaction, patient-provider
communication, patient engagement, self-management, efficiency, and patient safety.
[1,2] However, EHRs contain medical language that can be difficult to comprehend by
patients. [3-5] A patient-friendly terminology could help patients to better understand
their medical records. [4,5]

Zeng et al. [6,7] showed that the Unified Medical Language System (UMLS) and
the Consumer Health Vocabulary (CHV) could be used to find synonyms, and generate
explanations of medical concepts for laymen. However, the UMLS is not available for
the Dutch medical language. Fortunately, the National Release Center of SNOMED CT
in the Netherlands published the SNOMED CT Patient-Friendly Extension Release [8]
(PFE) with 301 patient-friendly terms to describe 288 SNOMED CT concepts. This
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small initial set was based on the terms that can be found on a website of the Dutch
patient federation where patient experiences about healthcare provider can be shared. [9]
SNOMED CT and the PFE can be used to clarify diagnoses in the same way as the UMLS
and the CHV. Furthermore, the Diagnosethesaurus (DT) [10] is becoming the standard
interface terminology to register diagnoses at the point of care in Dutch hospitals, and
this interface terminology is currently partly mapped to SNOMED CT (the full mapping
was not yet finished at the time of writing). Therefore this provides opportunities to make
descriptions of diagnoses more comprehensible for patients.

A diagnosis can be clarified by providing a patient-friendly synonym or by
generalizing it to one or more generic concepts that can be described by a patient-friendly
term. [6,7] Table 1 illustrates these clarifications methods. For example,
“agranulocytosis is a type of immune system disorder” is a generalization of a diagnosis
to a more general concept, where the diagnosis is called the subtype and the more general
concept the supertype. UMLS and SNOMED CT both contain hierarchical relationships
that can be used for this purpose. There are also other relationships in these terminology
systems that can be used to clarify medical concepts, such as the “finding site” and “part
of” relationship. This enables clarifications such as “aortic valve is a part of the heart”.
These latter relationships were also used in the studies with the UMLS, [6,7] but were
out of the scope of the current study, where we focused on the hierarchical subtype-
supertype relationship.

The purpose of this study was thus to investigate if the PFE and the SNOMED CT
hierarchy can be used to generate Dutch clarifications of diagnoses for patients.

Table 1. Three methods to clarify diagnoses illustrated by an example (freely translated)

Clarification method Example of the clarification method

Synonym Trigeminal neuralgia is another word for facial pain.
Generalization to one concept Agranulocytosis is an immune system disorder.
Generalization to multiple concepts Papillon-Lefévre syndrome is a heritable disorder of bone,

tooth, and skin.

2. Methods

We combined the DT (version of June 2017) with the SNOMED CT Netherlands edition
and the PFE (version of March 2017) and investigated how many of the diagnoses can
be clarified with how many patient-friendly terms. When a diagnosis was mapped to a
SNOMED CT concept that had a patient-friendly term in the PFE, this term was provided
as the synonym of the diagnosis. We verified whether this term was actually different
from the diagnosis description, using text matching.

The SNOMED CT hierarchy was used to determine if a diagnosis is a subtype of
one or more concepts that can be described by a patient-friendly term (see Figure 1). In
order to find the supertypes of a concept in SNOMED CT, the transitive closure table
was used. [11] This table contains all subtype-supertype relationships. This way all
supertypes with patient-friendly terms could be found for each diagnosis. However, this
might provide redundant explanatory terms, because supertypes of the supertypes would
be found as well. For example, “Aortic valve stenosis”, is a “Heart valve disorder”,
“Heart disease”, and “Disorder of cardiovascular system”. In these cases, we only used
the most specific generalizations. This would simplify the clarification to “Aortic valve
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stenosis is a heart valve disorder”. In case a diagnosis had multiple supertypes, as is
illustrated with “Telangiectasia macularis eruptiva perstans” which is an “immune
system disorder”, “skin disorder” as well as a “disorder of cardiovascular system”, the
most specific generalizations were used in combination. We counted the number of
unique combinations of these generalizations, i.e., the number of unique clarifications
that could be generated with subtype-supertype relationships.

When a supertype was contained in the diagnosis description, it was not regarded to
add any new information. For example, that “Salmonella infection” is an “infectious
disecase” is already implied by the word “infection” in “Salmonella infection”. For this
reason, we disregarded supertypes that are not informative and filtered them out by text
matching, e.g. matching on “infect” to match both “infection” as well as “infectious”
when the supertype was “infectious disease”.
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Figure 1. Simplified example of SNOMED CT concepts in the SNOMED CT hierarchy
3. Results

Of the 21,426 diagnoses in the DT, only 12,453 diagnoses (58.1%) had already been
mapped to SNOMED CT. In total 288 SNOMED CT concepts had a patient-friendly
term in the PFE, and these described 225 of the diagnoses with a SNOMED CT mapping.
75 diagnoses descriptions were already equal to the patient-friendly terms, hence, the
diagnosis description was actually different from the patient-friendly term for 150
diagnoses. Therefore the patient-friendly terms could be used to clarify 1.20% of all
diagnoses that have a SNOMED CT mapping with a synonym.

By generalizing diagnoses to supertypes with patient-friendly terms, 8,797
diagnoses (70.6% of all that are mapped to SNOMED CT) could potentially be clarified
with 211 concepts that have patient-friendly terms. These diagnoses were described by
1 to 6 different supertypes; as shown in Table 2. The 211 supertypes formed 735 unique
combinations of supertypes that can be used for clarifications.

There were 110 diagnoses with a patient-friendly term that could also be clarified
using supertypes. Analogously, 128 patient-friendly terms were also used as a supertype.
See Figure 2. The total numbers are thus 40 + 110 + 8,687 = 8,837 diagnoses and 22 +
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128 + 83 =233 concepts with patient-friendly terms. As a result, 8,837 diagnoses (71.0%
of all mapped diagnoses) could be clarified with a synonym and/or supertypes using 233
concepts with patient-friendly terms and 735 unique combinations these terms.

Table 2. Number of diagnoses that have a certain number of patient-friendly supertypes to clarify the
diagnoses (excluding the redundant ones) and the number of unique clarifications with a certain number of

supertypes
Supertypes Diagnoses Unique clarifications
1 6,329 192
2 2,050 376
3 366 132
4 49 32
5 2 2
6 1 1
Total 8,797 735
Diagnoses with Terms used as
synonyms @ synonyms @
8,687
Diagnoses Terms used
with supertypes to generalize

Figure 2. The overlap between diagnoses that can be clarified with synonyms and supertypes, and the
overlap between patient-friendly terms used as synonyms or to generalize, and their numbers.

4. Discussion

With the relatively small set of SNOMED CT concepts that have one or more patient-
friendly terms in the PFE, a high percentage of diagnoses could be clarified to at least
some extent, by using hierarchical subtype-supertype relationships of SNOMED CT, and
by providing synonyms.

The DT was not completely mapped to SNOMED CT yet, but this is expected to be
completed in coming releases. [10] We will have to repeat the analysis from this paper
after this is finished. The earlier studies [6,7] did not mention how much content of the
terminology systems used could be clarified with their system, which makes it difficult
to compare their results with those of our study.

The PFE is quite small compared to the number of diagnoses in the DT, and,
particularly, compared to the number of concepts in SNOMED CT. Perhaps some
concepts that could be informative to patients, or could clarify the 29% of the diagnoses
that were not clarified by the method presented in this study, could relatively easily be
translated to patient-friendly terms to obtain even better results. However, finding
patient-friendly synonyms for a// diagnoses and other types of medical concepts is a
costly process and might not be possible for some complex diagnoses. Compared to
English language, only limited tools are available to perform natural language processing
for the Dutch language as well as many other languages. [12] Therefore our result is of
particular interest, showing that text simplification might be feasible with a relatively
small set of patient-friendly terms. We believe that this method could be applied to other
languages.
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Whether the clarifications will increase the comprehension of patients and other
users, such as caregivers, remains to be evaluated. The clarifications are not yet validated
by clinicians, although it can be assumed the hierarchical relationships are correct,
because SNOMED CT is clinically validated. We want to first improve the clarification
method by utilizing other types of relationships in SNOMED CT, such as the “finding
site” relationship or “associated morphology” relationship. We expect this might be more
useful for certain diagnoses, such as malignant neoplasms and infections, where the
clarification could be e.g. that it is a form of cancer (associated morphology) with a
certain finding site. The method presented in this paper can also be used to determine
which concepts could be translated to patient-friendly terms to result in a maximum
increase of the number of concepts that could potentially be clarified.

5. Conclusion

We showed that a relatively small patient-friendly terminology and the SNOMED CT
hierarchy can be used to generate clarifications of a large proportion of diagnoses for
patients. Future research will involve the further optimization of the clarifications, the
utilization of other types of relationships, and evaluation with clinicians and patients.
Additionally, research should focus on which parts of SNOMED CT could be translated
to patient-friendly terms in order to clarify the highest number of concepts in the most
comprehensive manner.
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