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ABSTRACT 

 
When it comes to developing products and tools for life sciences organisations, it is difficult for tech-based companies 

to acquire clinical data.   

 

An alternative is to use synthesized real world data (RWD).  This paper demonstrates how to create CDISC SDTM 

domains from synthesized RWD.  The journey starts with individual unstructured data-JSON files (in HL7 FHIR data 

exchange format) and how this data is first transformed to the OHDSI OMOP domains (common data model v5.4 
data standard).   

 

The final stage in the journey is a second transformation from OMOP domains into SDTM domains.  All the 

transformations are performed using SAS® and this paper highlights the obstacles encountered and how to overcome 

them.  

 
The hope is that this will serve as a useful paper to begin your own journey into using synthesized RWD in the 

development of products and tools. 

 

INTRODUCTION  
 
Life science companies are increasingly looking to utilize RWD to aid in the approval of their new treatments, being 

included in their submissions sent to regulatory agencies.  

 

The project scope was to create CDISC SDTM datasets from Electronic Health Records (EHR) with the ultimate aim 

that the SDTM datasets could be used to create a control arm to use with an existing clinical trial (CDISCPILOT1) 

that is available on Github. 

 

This project utilized synthesized EHR records from an application called Synthea, which is an open source synthetic 

patient generator.  Synthea creates realistic patient health records in a variety of file formats (e.g. JSON, TXT and 

CSV) and a variety of data exchange standards.  It includes demographic data to medical encounters/events to 

death.  
 

The synthesized data is first transformed to OHDSI OMOP+ domains before the final SDTM datasets are produced.   

OHDSI (Observational Health Data Sciences and Informatics) is an organization focused on developing open source 

tools, standards and expertise in discovering the value in large scale analytics within health data.   

OMOP (Observational Medical Outcomes Partnership) common data model version 5.4 is an open community data 

standard.  It was designed to specialize for analysis that varies in size, used standardized vocabularies (data 

dictionaries) and the re-use of existing vocabularies.  The OMOP domains created by this project are classed as 

OMOP+ domains due to the extra variables that were added to each OMOP domain to provide traceability from the 

raw patient EHR JSON files.  

 

All the conversions from individual patient EHR JSON files to OMOP+ domains and from the OMOP+ domains to 

SDTM were performed using PC SAS v9.4. 
 

 

Fig 1.  Summary of conversions 
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CREATION OF SYNTHESIZED PATIENT EHR RECORDS 

 

The challenge was to create an Alzheimer’s population and this was created using an open source synthetic patient 

generator called Synthea.  The Synthea Customizer toolkit was used which allowed us to have a greater level of 

control over the synthesized patient EHR records. 
 

The Synthea Customizer guided mode was all that was required, allowing the synthesis of HL7 FHIR R4 JSON 

patient EHR files.  An input parameter of 150 patients was selected for the size of the population and clinical criteria 

of two Alzheimer’s conditions using the setting “Any Of”.  Figure 2 lists all the settings applied and is a screenshot of 

the Synthea Customizer toolkit web interface. 

 

The synthesis process is not quick, if population sizes are greater than 250 patients then be prepared to wait.  Also 

it’s worth doing a couple of test runs using very small numbers of patients to initially view the synthesized EHR 

patient files and scrutinize them to see if they are fit for purpose.  Some patient EHR files had special characters in 

the filenames and due to time constraints we decided to not use those particular patient EHR files.  

 

Selecting “Basic Setup” gives a download for the keep module, which should be downloaded to the same location as 
Synthea, as well as a command line for the terminal.  Once the keep file is in position, run the command line to start 

creating patient EHR files. 

 

There is also the properties file shown in figure 3, which once downloaded, can be further customized directly using a 
text editor.  The properties file controls format of the patient EHR files e.g. CSV, JSON etc.  The properties file 

location should be specified in the command line (see Figure 4).  Figure 5 is an example of part of a section from one 

synthesized patient EHR file in the format of a JSON file.   

 

Spend a bit of time installing the Synthea application from Github and exploring how best to use the application in 
order to meet project needs.    
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Fig 2: Synthea customizer 
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Fig 3. Synthea properties file example 

 

 

 

Fig 4. Command line example 

 

 

 

Fig 5. Section of a patient EHR Data-JSON file 
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OMOP+ DOMAINS PRODUCTION 

 

The next stage of the project was to ingest the patient EHR JSON files into SAS and start applying a structure to the 

data.  The JSON files are basically flat text files that are split into sections with indicators for the start and end of each 

section. 

 

SAS has the ability to read JSON files but the engine applies its’ own logic and split each patient EHR file into 100+ 
datasets.  This was unexpected and required working out how the datasets were connected to each other before we 

could even start thinking about the OMOP+ conversion. Based on this we chose to handle the patients one at a time 

via a macro loop.  

 

The first line of code is used to specify the location of the JSON files and then creates a SAS dataset DIRLIST which 
contains all the filenames for each JSON file.  That dataset is then used to create macro parameters which are used 

in the final datastep that read in the patient EHR JSON files one by one.   

 

 

Fig 6. SAS code for reading in JSON files 

 
Using the JSON libname engine, SAS creates a large number of SQL tables (100+) for each JSON file that is read in.  

There is one SQL table that is created called ALLDATA, this contains all the data from the JSON file in one table.  

The table mirrors the different sections of data as in the source JSON file. 

 

 

Fig 7.  Table ALLDATA example 
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Fig 8.  All SQL tables created from a single patient EHR JSON file 

 
After spending a fair amount of time trying to figure out the connections between all the tables, the decision was 
made to just use the ALLDATA table and extract the data we needed from this table.  ALLDATA still needed some 

extra information before it was fully useful and we created an updated version that merged information from table 

ENTRY_RESOURCE.  The extra information was adding unique identifiers for each section of data to help when 

extracting the required data values for each OMOP+ domain.  A utility macro (ORD_ENTRY.sas) was created to 

perform this for each patient EHR JSON file after it had been read into SAS. 

 

 

%macro ord_entry / store; 

 

  data __source1; 

    set myjson.alldata (where=(v=1 and p1='entry' and p2^='fullUrl')); 

    obsno=_n_; 

  run;  

 

  data __source2 (rename=(value2=value)); 

    set __source1 (where=(p3='resourceType')); 

    startobs=lag(obsno); 

    endobs=obsno-1; 

    value2=lag(value); 

    if value2='' then delete; 

    drop p: value v obsno; 

  run;  
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  * set up last row *;  

 

  proc sql noprint; 

    select nobs into: totalobs 

    from sashelp.vtable 

    where libname='WORK' and memname='__SOURCE1'; 

  quit; 

 

  data __source3 (rename=(obsno=startobs)); 

    set __source1 (where=(p3='resourceType')) end=eof; 

    if eof; 

    endobs=&totalobs; 

    drop p: v; 

  run;  

 

  data __source4; 

    set __source2 

        __source3; 

    ordinal_entry=_n_;   

  run;  

 

  * total number of ordinal_entries *; 

 

  data _null_; 

    set __source4 end=eof;   

    if eof then call symputx("ordlast",ordinal_entry); 

  run;  

 

  * create macro vars for start observation number and end observation number for each 

ordinal *; 

 

  %do y=1 %to &ordlast.; 

 

    data _null_; 

       set __source4 end=eof; 

       if ordinal_entry=&y. then do; 

        call symputx("s_&y",startobs); 

        call symputx("e_&y",endobs); 

      end; 

      if eof then call symputx("ordlast",ordinal_entry); 

     run;  

 

  %end;  

 

  * version of __alldata now updated with identifiers for ordinal_entry sections *; 

 

  data __source5; 

    set __source1; 

     %do z=1 %to &ordlast; 

       %if &z=1 %then %do; 

        if &&s_&z. <= obsno <= &&e_&z. then ordinal_entry=&z. ;   

       %end; 

       %else %do; 

        else if &&s_&z. <= obsno <= &&e_&z. then ordinal_entry=&z.;      

      %end;  

    %end; 

  run;  
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  proc sort data=__source5; 

    by ordinal_entry obsno; 

  run;  

 

  data alldata2; 

    merge myjson.entry_resource(in=a keep=ord: resourcetype id) 

           __source5(in=b); 

    by ordinal_entry; 

     if a;  

  run;  

    

%mend ord_entry; 

 

 

OHDSI OMOP common data model v5.4 was used and only a limited number of OMOP+ domains were needed for 
the project, these included: 

Condition_occurrence 

Death 

Drug_exposure 

Fact_relationship 

Measurement 

Observation 

Person_extension 

Visit_occurrence 

 
The domains are classed as OMOP+ domains because original values were retained for purposes of traceability from 
the patient EHR file to the OMOP+ domain.  For each OMOP+ domain created, a corresponding specification file was 

set up to help with the coding of variables and record selection from the patient EHR file.  The coding itself was a 

tricky task, this involved obtaining coding dictionaries from ATHENA, identifying which of those coding dictionaries 

are needed, extracting the correct records from dataset ALLDATA2 needed for each OMOP+ domain and then the 

further complications of dependencies between the OMOP+ datasets.   

 
 

 

Fig 9. Partial screenshot of a coding dictionary available in ATHENA 

 

The dictionaries were needed to convert HL7 FHIR codes to the OMOP equivalent. Access to ATHENA requires an 

account setup and takes approx. 3 working days to gain authorization.  The main point to note is that the 

downloadable concept csv file is massive and contains all dictionaries.  This file was converted this to a tab delimited 
text file, then imported into SAS and only kept the dictionaries (LOINC, SNOMED, etc.) needed for this project.  
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SDTM DOMAINS PRODUCTION 

 

Figure 10 below is a flow chart of the connections between the OMOP+ domains used in the creation of each SDTM 

domain.  The yellow circles represent the SAS programs and where coding dictionaries/mapping files have been 

used, these are displayed in the bottom section of the chart.  

 

Fig 10. OMOP+ to SDTM conversion 

 

Mapping files were needed to convert original values from the patient EHR JSON files in the OMOP+ domains to 

SDTM controlled terminology.  Figure 11 below is an example of the conversion needed for the SDTM LB domain.  

This is a time consuming task in setting up the mapping files but ultimately makes the end processing easier.   

 

 

Fig 11. Example mapping file 

 

The visit mapping was performed to emulate the visit schedule in the CDISCPILOT01 study, with the aim to create 
SDTM domains that were similar to the CDISCPILOT01 study both in terms of content and structure. An example of 

this is only keeping laboratory tests that were present in the CDISCPILOT01 SDTM LB domain.  Overall a lot of data 

from the source patient EHR JSON files was not selected as it was not needed for the SDTM domains created for this 

project.  
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CONCLUSION 

 

The project aim of creating SDTM domains from the synthesized patient EHR JSON files was successfully achieved 

but the process was an intensive manual, highly complex, multi-stage and time-consuming process.  Traceability was 

achieved and data points could be traced from the raw source file to the SDTM domain. 

 

This paper does not discuss the additional steps of patient attrition and anonymization both of which were performed 
as part of this project.  There are already applications available on Github that convert HL7 FHIR to OMOP but these 

lacked the traceability aspect which was a necessity for this project, these could be used as a starting point to try and 

add the traceability aspect but whichever route is chosen, be prepared for a lot of challenges and allow many, many 

hours for completion. 
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