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Background 
Many electronic health records (EHRs) provide a clinician-friendly interface terminology 
that captures the nuances of a patient’s diagnosis and observations that cannot be 
represented in administrative coding systems. (1) In the USA, the widely used Intelligent 
Medical Objects (IMO) interface terminology contains nearly one million terms that 
express subtle distinctions in clinical observations and diagnoses. In collaboration with 
the Monarch Initiative, IMO has incorporated Mondo, an extensive rare disease 
terminology that contains over 10,000 rare disease concepts. (2,3) 

The OMOP common data model (CDM), standardized terminologies, and harmonization 
best practices enable international-scale real-world health research (4,5). Large data 
networks could eliminate a major barrier to rare disease research - insufficient patient 
numbers. (6,7) For rare diseases, the specificity of interface terminologies is often lost 
when these terms are mapped to administrative or epidemiological coding systems. The 
potential consequences are significant: the analytic cohort may be heterogeneous and 
inaccurate evidence generated, or the study simply cannot be performed due to low 
statistical power. 

Conceptually, the OHDSI CDM contains two versions of every data element: a “source” 
string which exactly represents the original data (source_value) and a “standard” code 
(condition_concept_id, drug_concept_id, etc), the result of applying OHDSI 
transformation and harmonization rules. An intermediate concept, the 
source_concept_id, represents a coded version of the original string. The 
source_concept_id may be a code from any of the 112 vocabularies supported by 
OHDSI or an institution-specific code. The OMOP concept_relationship table provides a 
mapping from an OHDSI concept to standard concept_ids. Figure 1 (top) shows this 
pipeline for the OMOP condition_occurrence table. The source_concept_id is derived 
from the ICD-10-CM vocabulary, and the standardized SNOMED code is derived from 
the OHDSI concept_relationship table. (5,8) This approach is called indirect mapping 
because the ICD-10-CM code, rather than the IMO term, maps to the standard OMOP 
concept. 
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Figure 1: Alternative mapping strategies. The top pipeline uses OHDSI-provided 
ICD-10-CM-to-SNOMED concept_relationship mappings. This approach is called 
“indirect mapping” using ICD-10-CM as an intermediate concept. The bottom 
pipeline uses IMO-provided IMO-to-SNOMED mappings. This approach is called 
“direct mapping.”  

 

 
There has been much discussion about potential information loss by transforming the 
original clinician-entered term into a standard concept_id. (9–11) Of interest here is 
mapping an IMO term into an intermediate source_concept_id, followed by a second 
mapping into the standard concept_id using the OHDSI concept_relationship table. An 
alternative approach (Figure 1, bottom) is to map the term directly to the standard 
concept_id. This is called direct mapping because no intermediate concept is used to 
obtain the standard concept. One study compared these two mapping strategies using 
the IMO mapping to standard SNOMED concepts. (12) 

In this study, we evaluate the same mapping strategies (Figure 1 top versus Figure 1 
bottom) with a focus on rare disease diagnoses. 

Methods 
Data: The study data set was created from an instance of OMOP CDM V5.4 with 
vocabulary v20250227. The ETL pipeline uses Epic Caboodle to implement Figure 1 
(top). Only concepts with domain_id = “Condition” are mapped to the 
condition_occurrence table. The study used all condition_occurrence records with 
visit_start_dates between January 1, 2020, and December 31, 2024. IMO terms were 
extracted from the condition_occurrence.source_value; source ICD-10-CM codes from 
the condition_occurrence.source_concept_id; and standard SNOMED codes from the 
condition_occurrence.concept_id. IMO terms with fewer than 9 patients were 

https://www.zotero.org/google-docs/?z2Hl91
https://www.zotero.org/google-docs/?wMmxBj


eliminated. OMOP concept_ids were converted to human-readable concept_code 
strings. 

To identify rare diseases, we used the Mondo ontology (mondo-rare.obo June 3, 2025 
release) created by the Monarch Initiative. (2,13) Combining class_labels and exact 
synonyms yielded 61,353 unique rare disease labels. Of these, 2100 rare disease 
labels matched the condition_source_value for 10 or more unique patients. 

As a control group, we included the 200 most frequent IMO terms based on unique 
patient counts. 

Maps: The OHDSI-provided concept_relationship table mapped ICD-10-CM codes to 
standard SNOMED codes (Figure 1, top). IMO to SNOMED mappings (Version 
4/1/2025) directly mapped IMO terms into standard SNOMED codes (Figure 1, bottom). 
Only current leaf mappings (i.e., terms with no subclasses) were used. Historical 
mappings were not assessed. 

Processing: For each IMO term, the two mapping methods illustrated in Figure 1 were 
applied. One-to-many mappings were concatenated to a single result. 

Analysis: For each IMO term, both mapping results were randomly assigned to a 
“Map1” or “Map2” column. Two blinded annotators determined which mapping more 
completely captured the information in the IMO term. A third independent reviewer 
adjudicated discrepancies. Relative proportions were calculated. No statistical 
inferences were performed. 

Results 
After applying both strategies, 2300 unique IMO terms were mapped (2100 rare disease 
diagnoses; Top 200 diagnoses). Both mapping strategies yield identical standard 
concept_ids in 1037 instances (45%), with a marked difference in identical mappings for 
rare diseases (43% identical) versus top 200 diseases (68% identical). There were 
1,200 discordant mappings for rare diseases and 63 discordant mappings for Top200 
diseases. 

Removing concordant mappings, 1,263 discordant mappings were assessed for 
preferred mappings. For rare diseases, direct IMO mappings were preferred 92% 
(1107/1200); for Top200 diagnoses, direct IMO mappings were preferred 73% (46/63) 
(Table 1). 

Table 1: Preferred mappings for 1,263 discordant mappings. 

 Indirect (ICD-10-CM) Direct IMO mapping preferred 
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Table 1: Preferred mappings for 1,263 discordant mappings. 

mapping preferred  
(Figure 1, top) 

(Figure 1, bottom) 

Rare disease 
diagnoses (n=1,200) 

93 1107 

Top200 disease 
diagnoses (n=63) 

17 46 

 

Various mapping outcomes are shown in Table 2: 

Table 2: Examples of mapping outcomes. For each example, the preferred 
mapping is in bold font. 

Indirect mapping semantic loss due to poor intermediate (ICD-10-CM) code 

IMO Term Intermediate 
ICD-10-CM 

code 

Standard SNOMED concept 

Indirect mapping Direct mapping 

Mesocardia (HC CODE) Q24.8 Congenital heart disease Mesocardia 

Shone syndrome (HC 
CODE) Q24.8 Congenital heart disease Shone complex 

Li-Fraumeni syndrome Z15.01 Genetic predisposition Li-Fraumeni syndrome 

Gardner's syndrome 
(HC CODE) Q87.89 

Congenital malformation 
syndrome Gardner syndrome 

Noonan's syndrome 
(HC CODE) Q87.19 

Congenital malformation 
syndromes associated 
with short stature Noonan's syndrome 

 

Direct mapping semantic loss due to poor IMO mappings 

Livedoid vasculitis L95.0 

Idiopathic livedo 
reticularis with summer 
ulceration 

Idiopathic livedo 
reticularis 



Table 2: Examples of mapping outcomes. For each example, the preferred 
mapping is in bold font. 

Fructose intolerance E74.10 
Fructose metabolism 
disorder 

Intolerance to food 
 

 

Synonym mappings: No obvious “better” mapping 

Mobitz II I44.1 
Second degree 
atrioventricular block 

Mobitz type II 
atrioventricular block 

 

No acceptable mappings 

Glucose intolerance E74.39 
Impaired intestinal 
carbohydrate absorption 

Disorder of carbohydrate 
metabolism 

Molar pregnancy (HC 
CODE) O02.0 

Disorder of product of 
conception 

Hydatidiform mole, 
benign 

Bile duct 
adenocarcinoma (HC 
CODE) C24.0 

Primary malignant 
neoplasm of extrahepatic 
bile duct 

Bile duct proliferation | 
Malignant adenomatous 
neoplasm 

Glomus tumor D18.00 Hemangioma 
Neuroendocrine 
neoplasm 

Levocardia (HC CODE) Q24.1 
Situs inversus with 
levocardia 

Sinistrocardia 

 

Conclusion 
Both indirect and direct mapping resulted in the same standard concept for 45% IMO 
terms. However, there was a marked difference in concordant mappings between 
common diseases (Top200: 68%) versus rare diseases (43%). This stark difference 
underscores the urgent need to develop more nuanced mapping strategies for rare 
diseases that retain unique diagnoses. 



With discordant mappings, there was a strong bias for blinded annotators to prefer 
direct mappings. The bias was stronger for rare disease diagnoses (92% direct mapping 
preference) than for common diagnoses (61%). This finding is not surprising given the 
smaller size (and therefore semantic breadth) of ICD-10-CM codes used in indirect 
mapping. 

Based on these findings, we recommend OHDSI sites that use IMO as the EHR 
interface terminology also leverage IMO-provided direct mappings into SNOMED rather 
than the indirect mapping approach supported by the OHDSI concept_relationship 
table. Directly aligning mappings to the terminology selected by front-line clinicians 
ensures that the resulting standard concept captures the intended meaning of the 
patient-provider interaction. Creating concept sets using ICD-10-CM codes that are 
mapped to standard SNOMED concepts results in the same significant loss in cohort 
specificity that can be avoided using standard SNOMED concepts directly. Limitations 
include not evaluating non-leaf nodes, historical mappings, and other interface 
terminologies. 
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