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A Simple Story 

A person walks into a health care facility and meets 
with a physician, who diagnoses him with Type II 
Diabetes Mellitus and records that diagnosis in an 
EHR system. 

 
 



Problem 

EHR data fail to fully represent the entities that they 
are supposed to be about  
•  people (& their roles) 
•  symptoms 
•  diseases 
•  diagnoses 
•  healthcare processes 
•  relations among these things 



Failing to Represent 

The database underlying the typical information system wasn’t 
designed to explicitly represent the world in detail 

•  Capturing, using, and displaying particular kinds of 
information usually in the context of particular workflows 

Often: unclear, undocumented, ambiguous, inaccurate, incomplete 
Computers and the humans using them need accurate up-to-date 

information about patients’ health, so they can: 
•  understand and reason about those parts of reality 
•  make decisions about patient health 
•  communicate / share that information 
•  deal with such information in aggregate 

 



Basic Approach 

Ontological realism 
•  Focus first on what is really in the world, not on how 

people conceive of it, or talk about it 
Referent tracking 

•  Create and track unique identifiers for all the 
relevant particular entities 

•  Explicitly represent relations involving those 
particulars, including their instantiating universals 

Use of OBO Foundry resources  (OGMS, OBI, etc) 



Basic Formal Ontology 
Basic Formal Ontology 
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A non-trivial relation 

Referents References 



Distinguishing levels of reality 

L1: entities in reality 
•  patients, disorders, and treatments, instruments, 

even information systems 
L2: beliefs and thoughts 

•  in people’s minds  
•  about other entities in reality 
•  e.g. diagnoses 

L3:  expression of thoughts 
•  linguistic (and other) representations 
•  terms, codes 

 



Motivating Questions   

How many patients have had fractures? 
•  Which type(s) did they have, and  

•  how many, and 
•  where, and  
•  for how long  

“” diabetes? 
Who’s said what about the patient’s disorders and 

when, and where? 



Examples 

Secondary analysis of an EHR database   
>1000 tables 
Millions of entries  
Many issues, some interesting 

 



Nature of the data 

Problem-oriented medical record 
Problems organized under Headers 

•  ICD codes 
Added/updated during Encounters 
 Days with Encounters

Problem entries

Header

time

Resolved 

Entered in error

Active





ph1

ph2

ph3

ph4

ph5

ph1: Diabetes mellitus type II (NIDDM)

ph2: Diabetes Mellitus With Complication (250.90)

ph3: Diabetes mellitus (250.00)

ph4: DM (diabetes mellitus), type 1, uncontrolled (250.03 )

ph5: Diabetes mellitus with complication (250.90)

encounters

R R R E

R E

Diabetic Patient I 



How many instances of diabetes does this patient now have? 
•  Two: one of type I and one of type II 
•  One: just type II 
•  Five: 

•  Diabetes mellitus type II (NIDDM) 
•  Diabetes Mellitus With Complication (250.90) 
•  Diabetes mellitus (250.00) 
•  DM (diabetes mellitus), type 1, uncontrolled (250.03 ) 
•  Diabetes mellitus with complication (250.90) 

•  Four? Three? 
•  Dozens?  

Diabetic Patient I 



How many instances of diabetes does this patient now have? 
•  Just one instance of type II diabetes 
•  At first someone thought the patient had or might have 

type I diabetes.  
•  Then it was decided that the patient had type II diabetes, 

and type I was ruled out. 
When type I was ruled out, the corresponding Problems were 

marked as “resolved” and “entered in error” 
•  Did the patient briefly have type I diabetes? Probably not. 
•  Did the patient briefly have an instance of Diabetes 

Mellitus With Complication that went away, and then gain 
an instance of the same later? No. 

•  Did the person who entered the Problem for type I diabetes 
intend to do so at the time? Probably so. 

•  Being mistaken about the facts is distinct from mistakenly 
entering something that one did not intend to enter 

Diabetic Patient I 



Diabetic Patient II 

Misuse of Resolved, but proper use of Entered in Error 
Other relevant conditions were selected by hand here, but 

lack explicit connections to the diabetes 
 





Fracture Patient I 

How many fractures does this patient now have? (Probably) none. 
Does this record indicate that this patient once had three 

fractures at the same time? We can’t say. 
Are the surgeries related to the fractures?  
 



Fracture Patient II 

When did this patient first have a humeral fracture? 
  
  
 



Fracture Patient II 

Timing of encounters 



A Simple Story 

A person walks into a health care facility and meets 
with a physician, who diagnoses him with Type II 
Diabetes Mellitus and records that diagnosis in an 
EHR system. 

 
 

a person 
another person 

an instance of diabetes

a health care encounter

a diagnostic process

a patient role

a diagnosis

a health care provider role



Some relevant terms 
diagnostic process  (http://purl.obolibrary.org/obo/OGMS_0000104) 

 An interpretive process that has as input a clinical picture of a given patient and as output an assertion 
to the effect that the patient has a disease, disorder, or syndrome of a certain type, or none of these.  

clinical picture, clinical finding  
health care encounter (http://purl.obolibrary.org/obo/OGMS_0000097) 

 A temporally-connected health care process that has as participants an organization or person realizing 
the health care provider role and a person realizing the patient role. 
The health care provider role and patient are realized during the health care encounter  

disease (http://purl.obolibrary.org/obo/OGMS_0000031) 
 A disposition (i) to undergo pathological processes that (ii) exists in an organism because of one or 
more disorders in that organism.  

disorder (http://purl.obolibrary.org/obo/OGMS_0000045) 
 A material entity which is clinically abnormal and part of an extended organism. Disorders are the 
physical basis of disease.  

health care provider role (http://purl.obolibrary.org/obo/OBI_0000207) 
 A worker role of providing medical care either within or outside the study timeline  

patient role (http://purl.obolibrary.org/obo/OBI_0000093) 
 A role which inheres in a person and is realized by the process of being under the care of a 
physician or health care provider  



A Simple Story 
A person (an instance of Homo Sapiens), person1, walks into a health care facility 

for a check-up -- an instance of health care encounter, encounter1 
 
While there person1 realizes the patient role 
 
While there, person1 interacts with one or more other instances of Homo Sapiens 

(including person2) who realize the health care provider role during those 
interactions 

 
person2 participates, along with person1, in an instance of diagnostic process, 

diagnosing1, which is part of encounter1 
 
That diagnostic process (diagnosing1) produces an instance of diagnosis 

(diagnosis1) that person1 has Type II Diabetes 
 
diagnosis1 is about person1's Type II Diabetes, diabetes1 
 
 



A diagnosing 



Another diagnosing 



Using explicit representations 

As the output of translation processes 
•  e.g. for data warehouses, interoperability 

As the underlying basis for new information systems 
•  with good user interfaces that hide the details 

  



Conclusions 

Existing health record systems lack adequate 
representations of the entities they are supposed to 
be about 

Analysis based on ontological realism and referent 
tracking can be used to highlight these issues 

… and to suggest a way forward 
 
 



Discussion 


