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ABSTRACT 
A Case Report Form or CRF is a tool, used in clinical trials to collect the patients' data and deliver it to the regulatory 

affairs in a standard format (SDTM). The CRF design may vary, thus every trial involves a unique SDTM mapping 

process. 
This paper describes macros that read the data from the PDF template of the CRF. The macros search for the CRF 

fields with the list of predefined and fixed values, convert them into SAS datasets using PDFtools package in R, and 

compare to SDTM controlled terminology data, provided by CDISC. This functionality helps to reduce the time of 

mapping the raw data. 

The result of the macros’ execution is the SAS code that can be directly used for correct mapping of CRF values to 

the SDTM’s. 

The macros can check the SDTM data to make sure they do not contain typos or unexpected values. 

INTRODUCTION 
The SDTM mapping process, from a CRF annotation to getting final SDTM datasets has already been explored 

thoroughly. However, there is still no tool that could automatically transform the collected raw CRF data into the 

SDTM format. This is so due to several reasons. First of all, to understand what raw data values are collected, one 

would need to parse the corresponding text values, stored in the CRF. Most CRF’s have a PDF version, and there is 

a complexity in parsing the PDF file format to make it further useable in SAS. Secondly, only particular data that are 

required for the SDTM mapping need to be selected out of the text being read. And finally, the all the CRF data have 

to be compared to the data from the CDISC SDTM Controlled Terminology to make correspondence. This paper 

proposes a consequent solution of each of these problems using the means of SAS and R programming languages. 

 

LIMITATIONS 
Every SDTM mapping from a statistical programmer point of view begins with the CRF. Therefore, the first thing the 

proposed algorithm deals with is the CRF processing. The goal is to read the PDF version of the CRF into the SAS 

dataset(s). Generally, the layout of the CRF can vary, and it imposes some limitations, as not every PDF version of 

the CRF (hereinafter “CRF document”) may be processed. 

 
The first limitation is that a CRF document has to contain the text that can be highlighted by the cursor or can be 

found by searching through the document using a tool like Adobe Acrobat Reader® or similar one. During the parsing 

this text will be extracted and saved in the SAS-dataset. 

 

The second limitation is the CRF text field recognition methods. This paper considers the only fields that contain pre-

defined text values or tick-boxes, as shown below: 

 
 

 

The tick-boxes are good as they are the most likely to have the common logic in the physical location on the CRF 

page. It means that they are the easiest to be found among the other CRF text fields. 
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The third limitation arises from the second one – the tick-boxes and the related text should lie flat in relation to the left 

or the right margin of the page. In other words, there should be a regularity in their placement within the CRF 

document. The recognition algorithm, shown in this paper, allows a small error in the placement of the tick-boxes; 

however, if they are placed chaotically then the automatic recognition will be impossible. An example of such CRF 

document can be seen below: 

 
 

 
The most convenient CRF layout for reading and recognition will be the one with all page margins being the same 

within the document, all tick-boxes being right-aligned, and the text corresponding to each tick-box not wrapped to the 

line below. All the tick-boxes related to the same CRF section or question are on the same page as shown in the 

picture below: 
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Summarizing the limitations: 

 The CRF document must have text that can be highlighted or found; 

 Only CRF fields that contain tick-boxes can be analyzed; 

 The tick-boxes and their corresponding text must be left or right aligned. 

 

The desired but not required CRF document layout, in addition to limitations: 

 The text corresponding to each tick-box should not be wrapped; 

 All tick-boxes from one section or question should be on a single page; 

 The page margins should be the same within the whole document. 

 

PREPARATION 
A PDF document might be read and processed by such powerful tools as Acrobat Reader® or Fine Reader®. 

However they are not necessary and this paper describes the way how to process a PDF file using the software that 

would very likely be installed for any SAS programmer. 

 
REQUIRED SOFTWARE 

For the successful import and processing of the data, you will need to have installed: 

 SAS® version 9.2 or higher; 

 R version 3.0.1 or higher; 

 R studio® version 1.2.5001 or higher for convenient work with the R code; 
 

SET-UP R AND READ THE CRF DATA 

This topic describes the path from the CRF document to SAS datasets, each of them contains CRF section headers 

with all the corresponding tick-boxes. The first step is to read the CRF document page by page, processing one page 
at a time. This option has not been implemented in SAS yet, but the pdftools R package comes to the rescue. The 

main R function used in the package is pdf_data. It returns R data frame with all the recognized text values in a page, 

including their physical position: i.e. width, height, and (x, y) position, starting from the top left corner of the page. 

All the R code that is necessary for parsing the CRF document by page and converting each page to the CSV format 

is relatively simple and is shown below: 
install.packages("callr"); 

install.packages("pdftools"); 

 

library(pdftools); 

library(callr); 

 

pdf_path <- "<full path to CRF in PDF format>"; 

total_pages <- <number of CRF pages>; 

 

for (i in 2:total_pages){ 

pdfdata <- r(function(x) pdftools::pdf_data(x), args = list(pdf_path))[[i]]; 

path <- paste("<path to output CRF pages in CSV format>", "page", i-1, ".csv", 

sep = ""); 

print(paste("Page", i, "of", total_pages, "was output into file:", path, sep = 

" ")); 

write.csv(pdfdata, path, row.names = FALSE); 

} 

All is needed to set up is the number of pages to be read from the CRF document, the path to the document and the 

path where the CRF pages in the CSV format will be output. A note should be made that folders in the path variable 
definitions must be split with // symbol to run correctly. The CSV file format was chosen due to the ease of 

transferring data in this format to SAS using PROC IMPORT. 

 

From now on begins the most interesting and the most difficult part – searching for tick-boxes and finding them a pair 

among the SDTM CDISC Submission values (hereinafter “SDTM terms”). 

 

PROCESSING OF THE CRF DATA 
The CRF pages are processed in SAS one by one. The algorithm contains a set of macros that are responsible for 

each step of the processing. The main macro call includes all the necessary parameters to control the whole 

processing starting from import of the CRF pages into the CSV format, and ending with the SAS code creation. The 
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main macro parameters are shown below: 
%auto_mapping(func_outlib_name       = <area.ds_name.user_name for function>, 

     sdtm_term_xlsfile_path = "<SDTM Controlled Terminology file path>", 

      sdtm_term_sheet_name   = "<SDTM Controlled Terminology Excel sheet>", 

           crf_page_path          = "<Path to CRF pages in CSV>", 

      print_test_pagenum     = <enter any number to print test page>, 

           keep_or_drop_text      = "<word pattern for keep or drop>", 

      keep_or_drop_mode      = <KEEP | DROP: mode for a pattern>,  

           start_pagenum          = <start page number>, 

      end_pagenum            = <end page number>, 

      tbox_line_end          = <tick-box word end position>, 

      corr_tbox_end          = <tick-box word end pos. correction>, 

      del_prev_page_fl       = <Y | N: delete prev. file with code?>, 

      output_code_path       = "<Path to output files with code>", 

      show_temp_datasets     = <Y | N: show/hide temp. datasets?> ); 

 

IMPORTING THE CRF DATA INTO SAS 

The import of the CRF pages into the CSV format is performed by a simple PROC IMPORT call. The only thing 
needed is to set the path where the CSV files are stored: 
%auto_mapping(… 

              crf_page_path          = "<Path to CRF pages in CSV>", 

              … ); 

 
EXTRACTING CRF TICK-BOXES 

The structure of the imported SAS dataset, that corresponds to a CRF page is simple. Each observation includes a 

word that can be found in the CRF page and 4 numeric variables that are responsible for the physical position of this 
word. Two variables contain the distance from the top left corner of the page vertically and horizontally, and the 

remaining two contain the height and width of the word. 

These parameters are sufficient to determine the start and end position of each word on the page vertically and 

horizontally, as well as to estimate the length of the space between words. 

 

 

 
Estimating the space length is a pretty important step in the text processing. Why an estimate, and not an exact 

calculation? The fact is that words in the CRF document might lie in different distances from each other. This can be 

seen if one would compare the end numeric position of a word with the start numeric position of the next word. The 

numeric value of the distance between words that occurs most frequently will be selected as the space estimation, 

i.e. the mode of all the distances. The space estimation is automatic and is performed separately for each CRF page. 

In the example shown below the mode of all the distances is equal to 3. 
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Space estimation is followed by a more complex task. How to pick the tick-box text values and their section headers 
from the rest of the data on the page? The point is to find out if the location of the tick-boxes on the CRF page has 

any regularity. This regularity can easily be seen visually on the page: the tick-box values must end precisely one 

under another. Therefore, it makes sense to expect that if one takes all numeric end positions of the tick-box text 

values, they should be equal. This numeric end position is expected to be unique for each CRF document. It will be 

used in the algorithm for all CRF pages to correctly identify and read the tick-box text values. 

At this step the programmer’s contribution is needed. A test run, involving a single CRF page, is required to find the 
end position before processing of all the pages. Simply select the page number and pass into the macro: 
%auto_mapping(… 

              print_test_pagenum     = <enter any number to print test page>, 

              … ); 

The result contains the words, found on a selected page and the corresponding end positions. The programmer 
needs to look at the CRF page, and then to find out which words are the last within every tick-box. The end position 

value, that is required for the algorithm to work correctly is the one that is common for the last words found. In the 

picture shown below, the last words within every tick-box text value have the end position value equal to 505. This 

value will be used in the tbox_line_end parameter of the macro.         
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There is a certain freedom in choosing a page, but I would recommend to select a page with many tick-boxes - this 

will provide a more accurate selection of the coordinate. The other recommendation would be to make several test 
runs for different pages. 

The test runs show that end positions of the words may differ by 1-3 units within the same page. The macro can 

apply correction of these values. If this positive number (usually small) is specified, then all the values of the interval 

(end position ± correction value) will be treated as a valid end position of a word. Here are the macro parameters that 
set these options: 
%auto_mapping(… 

              tbox_line_end          = <tick-box word end position>, 

              corr_tbox_end          = <tick-box word end pos. correction>, 

              … ); 
This explains the limitation that all the CRF tick-boxes must be left or right aligned. Please note that in this paper only 

right alignment of the tick-boxes is considered. However, it is not so important as the main idea is to find the regularity 

which does not depend on the direction of alignment. 

It is very likely that a CRF page will not have any tick-boxes at all. Such pages will be read, but will not be analyzed. 
The algorithm contains a macro that stops the processing of a page and goes to the next one if the specific text is 

found. It can work vice versa i.e. can process only those pages that contain the specified text. 
%auto_mapping(… 

               keep_or_drop_text      = "<word pattern for keep or drop>", 

              keep_or_drop_mode      = <KEEP | DROP: mode for a pattern>,  

               … ); 
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The result of the macro execution at this step will be the following dataset: 

 

 

 

 
MATCHING CRF AND SDTM DATA 

The next task is more complex than the previous one. Now, every tick-box text value has to match a corresponding 
value in the CDISC SDTM Controlled Terminology (hereinafter “SDTM CT”). The SDTM CT is imported into the SAS 

dataset from an Excel file using the following parameters: 

%auto_mapping(… 

               sdtm_term_xlsfile_path = "<SDTM Controlled Terminology file path>", 

               sdtm_term_sheet_name   = "<SDTM Controlled Terminology Excel sheet>", 

               … ); 

It is regularly updated, so the corresponding changes might be done in the code to use the most up-to-date version.  

Next, every CRF section must be associated with an SDTM Codelist Name value (hereinafter “SDTM section”). This 
requires some text search and matching process. In the algorithm described in the paper, this is implemented using a 

user-defined function, created by PROC FCMP. It is required to specify the name of an output data set to which 

compiled subroutines and functions will be output (for example, work.userfuncs.char). 
%auto_mapping(func_outlib_name       = <area.ds_name.user_name for function>, 

              … ); 

This function can determine whether a string is part of another string or vice versa, whether the strings are equal or 
not. In order to increase the accuracy of the matching results, a decision was made not to compare the strings 

character by character, as this would lead to a large number of false string matches. 

At the end of this step there will be one-to-one correspondence between the CRF and SDTM sections. Some CRF 

sections will have no pair, as many of them are study specific. Such sections will be processed in a certain way, but 

those ones who got a pair will be processed initially. Now the task is to pair each CRF tick-box text value with a 

unique CDISC Submission value or CDISC Synonym(s) value. Visually, it is quite easy to do, however, the algorithm 

that performs the matching includes 4 steps. Let us take closer look at them. 

 
Step 1: Find full matches among all of the combinations of CRF tick-box text values and CDISC Submission value or 
CDISC Synonym(s) value. These matches will be considered trusted matches, and will be output into a separate 

dataset. 

 
Step 2: There is another type of matches, when both the SDTM CDISC Submission value and the CDISC 

Synonym(s) value are the part of the CRF tick-box text value, and they are not equal. These matches are also 
considered trusted matches. They will be added to the matches already found during the previous step. 

 
Step 3: The situations when either the SDTM CDISC Submission value or the CDISC Synonym(s) value is contained 

in the CRF tick-box text value are considered partially-trusted matches. They will be added to the dataset with trusted 

matches, created at the end of the previous step. As this type of matches is not 100% exact, a warning message will 

be shown next to them at the stage of the SAS code generation: 
/*Warning: check this line in CRF and SDTM for consistency*/ 
 This is done for the programmer to pay special attention to these matches at the step of SDTM mapping. 
 

The last step is step 4: the type of match here is the opposite to the one in the 3rd step. Here the cases are processed 
when the CRF tick-box text value is a part of either SDTM CDISC Submission value or CDISC Synonym(s) value. 

Generally speaking, this type of match is considered the most unreliable, so it is not possible to use it in the mapping 

process. However, a situation may arise when the a CRF tick-box text value is wrapped to the next line: 
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In this case, an attempt is made to join the wrapped lines and compare the result to the SDTM CDISC Submission 
value or CDISC Synonym(s) value. If with any luck full matches appear, they will also be considered as trusted 

matches. 

 

At the end of this process a dataset with CRF tick-box text value/SDTM CDISC Submission value pairs is generated. 

Some pairs will have a warning message to check the specific pair manually. Some CRF tick-box text values will not 

have a pair at all. In this case a CRF tick-box text value will be paired with itself in the upper case and a warning 
message will be shown next to this line at the stage of the SAS code generation: 
/*Warning: corresponding value was not found in SDTM!*/  

 

SAS CODE GENERATION 

Finally, everything is ready to generate a SAS code, that can be directly copied to the program, and can be used 

during the SDTM mapping process. For each CRF page where tick-boxes were found, a separate RTF file is created 
in a folder, specified by the following parameter: 

%auto_mapping(… 

              output_code_path       = "<Path to output files with code>", 

               … ); 

The generated code consists of a standard PROC FORMAT call. All the programmer needs to do at this stage is to 
specify the format name for each CRF section. 
/*Code generated from page 122*/  

proc format;  

  value <insert_user_value_name>; /* Anatomical location of biopsy */  

     "Adrenal gland" = "ADRENAL GLAND" 

     "Ascites" = "ASCITES"/*Warning: corresponding value was not found in SDTM!*/ 

     "Bone" = "BONE" 

     "Brain" = "BRAIN" 

     "Breast" = "BREAST" 

     "Bronchus" = "BRONCHUS" 

     "Cervix" = "CERVIX"/*Warning: corresponding value was not found in SDTM!*/ 

     "Colon" = "COLON" 

     "Duodenum" = "DUODENUM" 

     "Esophagus" = "ESOPHAGUS" 

     "Gall bladder" = "BLADDER"/*Warning: check this line in CRF and SDTM for 

consistency*/; 

run; 
Special mention should be made of the case when a CRF section occupies two pages. This usually happens with 

long sections, like Dose Frequency. In this case the code will be generated for both the previous page and the 

combined previous and next pages. The macro allows to either keep or remove the file with the code for the previous 

page using the following parameter: 

%auto_mapping(… 

              del_prev_page_fl       = <Y | N: delete prev. file with code?>, 

              … ); 
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The RTF file with the SAS code for combined pages will contain the following message: 
/*Code generated from page <i-1> appended to page <i> */. 

 

The considered steps are repeated consequently for each CRF page. The macro allows to select the start page 
number and the end page number (usually it is 1 and the last CRF page number). It might also be useful to have a 

look at intermediate datasets for testing purposes. The corresponding macro parameters are shown below:  

%auto_mapping(… 

              start_pagenum          = <start page number>, 

              end_pagenum            = <end page number>, 

              … 

              show_temp_datasets     = <Y | N: show/hide temp. datasets?>); 

SDTM CHECKER 

This is a simple macro that shares the logic with the algorithm described above. The purpose is to check if a variable 
was mapped correctly according to the SDTM CT: 
%sdtm_check(func_outlib_name       = <lib.ds_name.user_name for function>, 

            dsin_sdtm              = <SDTM dataset lib.name>, 

            variable_list          = <space-delimited list of variables>, 

       sdtm_term_xlsfile_path = "<SDTM Controlled Terminology file path>", 

       sdtm_term_sheet_name   = "<SDTM Controlled Terminology Excel sheet>", 

       report_file_path       = "<Path to output files with report>"); 

Some of the parameters should already be familiar, and the rest are quite easy to use. Simply specify the SDTM 

dataset name and the already mapped variable names – one or several. The macro compares each of the variable 

values to the SDTM CDISC Submission values in the SDTM CT and generates the report. The report files are 

created separately for each checked variable in the RTF format. Checking the mapping can produce three types of 
results: 

 a match; 

 no match while the list of SDTM CDISC Submission values is extensible; 

 no match while the list of SDTM CDISC Submission values is not extensible; 

An example of the report for SDTM.AE AEACN variable is shown below: 

 

 

 

WHAT IS THE BENEFIT? 

Comparison of the programming methods consist of two parts: speed of delivery and accuracy of the results. A typical 
SDTM mapping process contains looking at the CRF and finding the tick-boxes with pre-defined text values. The next 

step is to find out if these values have the corresponding standard terms in the CDISC SDTM Controlled 

Terminology. If they have, then the programmer needs to pair each of the CRF terms with an SDTM CDISC 

Submission value and then create a code to implement this pairing. Usually it is either a PROC FORMAT call or IF-

THEN-ELSE blocks, so a number of formats have to be created manually. The described algorithm can carry out this 

pairing for all tick-boxes found in the CRF within an hour. This is an approximate time estimation, and it includes the 

setting all folders up, running R and SAS code, and several test runs. 

Accuracy is definitely not the strongest part of the algorithm, though the test runs show that no data are being lost 

during the process. Obviously, the SDTM mapping performed manually is more precise in terms of pairing the CRF 
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and SDTM data. Though having the ready code even for the situations when the automatic pairing was unsuccessful 

will still make the manual matching faster and more convenient. 

 

THE IMPLEMENTATION OF THE ALGORYTHM 

The algorithm described in the paper is implemented via the set of macros. They are stored in the programs that can 
be found and downloaded using the following link: 
https://github.com/aartemchuk/SDTM_MAPPING . 

The program that controls the input parameters, shown in the %auto_mapping macro is main_macro.sas. The 
program for checking the SDTM mapping is called the sdtm_checker.sas. Both of these programs require the 

import_macros.sas program where all macros needed for the processing are stored. The programs are updated 

regularly to improve the speed and stability. 

CONCLUSION 
It might seem that the algorithm described in the paper is rather unreliable and has a number of assumptions. This is 

partly true: when it comes to text recognition and matching, it is difficult to achieve 100% reliability using the same 

strict approach. Accuracy can be gradually improved by complicating the algorithm, and processing more and more 

cases.  

This task is not set by this paper: the true goal is to show that reading and processing PDF data is quite possible by 

the combined efforts of SAS and R, but the most important thing is to show by a particular example that it is possible 

to significantly speed up the SDTM mapping process. This idea, however, can be developed in the direction of the 

machine learning. Then the algorithm will be designed in such a way that CRF recognition and matching it to the 
SDTM data will become more accurate with each new CRF being read, but this is a completely different story. 
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