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ABSTRACT 
Manual annotation of Case Report Forms (CRFs) is time-consuming and error-prone, especially when CRF layouts 

frequently change. This paper presents an automated, scalable solution that integrates SAS® macros, R® functions, 

and Forms Data Format (FDF) files to streamline the annotation process. Annotations are defined in an auto-generated 

Excel template from CRF that captures key metadata, including fields, page numbers, coordinates, annotation types, 

annotation text, and color codes. A SAS macro processes this input to generate an FDF file, which is then applied to 

the CRF in PDF format. This approach ensures consistent and accurate annotations with precise formatting aligned 

with metadata submission guidelines. It significantly reduces manual effort, improves adaptability to layout changes, 

and enhances the overall efficiency of clinical documentation workflows. 

INTRODUCTION 
Creating annotated Case Report Forms (aCRF) is an essential part of clinical data submissions, but the process is 

often manual, repetitive, and vulnerable to errors. To simplify and standardize this workflow, an automated solution was 

developed that integrates SAS macros, R-based PDF extraction, and structured Excel templates. This system enables 

consistent and accurate annotations while significantly reducing manual effort. 

The workflow consists of four steps. First, key properties of the CRF, such as page dimensions and margin settings, 

are extracted from the PDF using the pdftools R package and stored in an Excel file for review. Next, the 

%autoanno(usage=ref) macro uses these properties to generate a reference aCRF with line numbers, along with two 

supporting worksheets: one for line‑based positions and another for annotation mapping. 

Users then populate the Mapping sheet with annotation text, position, alignment, type, and optional width details. 

Finally, running %autoanno produces an FDF file containing all annotations, which can be imported into the original 

CRF to generate the fully annotated aCRF. 

FLOWCHART OF ACRF ANNOTATION PROCESS 
The flowchart below provides a simple overview of the automated aCRF annotation process. It highlights the main 

steps involved, which are explained in more detail in the following sections. 

 
Figure 1. Flowchart of aCRF annotation process 

 

ACRF AUTO ANNOTATION STEPS 
To streamline and standardize aCRF annotation process, an automated macro‑driven workflow is employed, supported 

by R-based PDF extraction and structured Excel mapping templates.  

The overall process consists of four systematic steps. First, the structural properties of the CRF such as page 
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dimensions and margin settings are extracted from the PDF using the pdftools R package. These properties are stored 

in a standardized spreadsheet, allowing users to review and adjust any parameters before annotation. Next, a reference 

aCRF file is created by running the %autoanno(usage=ref) macro, which uses the extracted page properties to produce 

line‑numbered reference pages. This step also generates two essential Excel sheets: Position, containing vertical 

coordinates for each line number, and Mapping, which serves as the template for entering annotation details. 

In the third step, users populate the Mapping sheet with all required annotations, specifying page numbers, annotation 

text, type, position, alignment, domain order, and optionally annotation box width. These values provide the macro with 
precise instructions for annotation of placement on the final aCRF. Finally, executing %autoanno produces an FDF file 

that can be imported into the original CRF to generate the fully annotated aCRF with accurately positioned annotation 

boxes. 

Additional logic within the macro supports automated width calculation based on character lengths and determines 

annotation coordinates using the reference file and margin settings. Together, these components create a robust and 

repeatable framework for generating high‑quality aCRF documents with minimal manual effort. 

STEP-1 GETTING ACRF PROPERTIES 

In this step, the properties of the CRF PDF file are extracted using the R function acrf_properties. Provide the CRF 

PDF as input and run the function: 

acrf_properties(acrf_file = “acrf.pdf”) 

 

This will generate an Excel file named annotation_map.xlsx containing a worksheet titled “Properties” (Figure 2). The 

sheet includes the following columns: 

• page - total number of pages in the CRF. 

• height - height of each CRF page 

• width - width of each CRF page 

• lmargin - left margin position 

• rmargin - right margin position 

 

 

Figure 2. “Properties” tab of the excel file ‘annotation_map.xlsx’ 

 

Review these values, and if any adjustments are required, update them directly in the Excel file before proceeding to 

step 2. We are using the r package “pdftools” to extract the CRF contents from the pdf CRF file. 

 
library(pdftools) 

pdf_data <- pdf_data(acrf_file) 

 

STEP-2 CREATING REFERENCE CRF FILE  

After completing step 1, run the following macro to generate the ref_acrf.fdf file: 

 

%autoanno(usage=ref) 

 

This macro reads the inputs from the “Properties” sheet created in Step 1. Once executed, it produces the ref_acrf.fdf 

file. 

Next, import the ref_acrf.fdf file into the original CRF PDF to create acrf_ref.pdf. This reference PDF includes line 

numbers added to the left and right margins of every page (Figure 3), enabling precise identification of annotation 

positions. 

 

In addition to the reference PDF, the macro also updates annotation_map.xlsx by adding two new worksheets: 

 

• Position - contains the coordinates corresponding to each line number (Figure 4). 

• Mapping - serves as a template to enter annotation text and its properties in the next step (Figure 5). 

 

The acrf_ref.pdf file will be used as the definitive reference for accurate annotation positioning. 
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Figure 3. A page from acrf_ref.pdf 

 

 

Figure 4. “Position” sheet of the file annotation_map.xlsx. 

 

 

Figure 5. “Mapping” sheet of the file annotation_map.xlsx. 

 

STEP-3 PREPARE THE EXCEL SHEET “MAPPING” 

In this step, all required annotation text must be entered into the “Mapping” sheet of the annotation_map.xlsx file 

generated in step 2. This worksheet will serve as the input for creating final annotations. 

 

It contains the following columns: 

• page - Specifies the page number where the annotation should appear. 

• text - Contains the annotation text to be displayed. 

• type - Indicates the annotation type. Valid values are: 

1 - Domain annotation 

2 - Annotation in a solid box 

3 - Annotation in a dotted box 

• position - Defines the line number at which the annotation should be placed. Line numbers can be referenced 

from the acrf_ref.pdf file. 

• domain_order - Determines the order of domains. This value controls the color assignment when multiple 

domain annotations appear on a single CRF page. 
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• align -Specifies the alignment of the annotation text. Supported values are left, right, and center, chosen based 

on the desired visual appearance. 

• width - Optional field. The macro automatically computes the annotation width, but it may be manually 

adjusted here if needed. 

 

This completed sheet will be used in the next step to generate the final annotated aCRF. 

 

 

Figure 6. “Mapping” sheet after adding annotation text. 

 

STEP-4 CREATING FDF FILE AND UPLOADING INTO CRF 

Once the annotation_map.xlsx file is fully populated and finalized, run the macro: 

%autoanno; 

 
This macro reads the annotation details from the Mapping sheet and generates an FDF file named annotation.fdf. After 

the macro completes, import the annotation.fdf file into the original CRF PDF using your preferred PDF editor. This will 

apply all annotations to the CRF and produce the final annotated aCRF(Figure 7 & 8). 

 

Figure 7. Annotated CRF page after importing the FDF file. 
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Figure 8. Annotated CRF page after importing the FDF file. 

 

CORE MACRO FUNCTIONALITY 
A key function of the macro is the creation of a Forms Data Format (FDF) file. FDF is a compact, text-based structure 

designed to capture and transfer data related to PDF form elements. This data may include form field identifiers, 

assigned values, annotation details, and references to external resources or scripts. 

In step 3, the macro gathers all the required information for the FDF file from the Excel template input. In step 4, using 

this collected information, the annotation macro constructs a dataset containing the formatted strings representing all 

necessary annotation properties. Finally, the macro produces an FDF file named annotation.fdf, which is used to export 

the annotations to the CRF (Figure 9). 

Figure 9. FDF text sample. 

HANDLING ANNOTATION BOX WIDTH IN THE MACRO 
The macro automatically determines the width of each annotation box using a reference file named width.xlsx (Figure 

10). This file is created using the pdftools R package and contains a lookup table of characters letters, numbers, and 

symbols along with their corresponding widths. 

During macro execution, the annotation text is evaluated by character, and the total width is calculated based on the 
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values stored in width.xlsx. This ensures that each annotation box is sized appropriately to fit the text. If a custom width 

is needed, it can be specified manually in the ‘width’ column of the Mapping sheet. 

 

Figure 10. Reference file named width.xlsx for handling width. 

 

HANDLING POSITION OF ANNOTATIONS IN THE MACRO 
The macro determines the placement of each annotation using the positional information generated earlier in step 2. 

In that step, a reference aCRF containing line numbers was created. These line numbers must be entered into the 

“position” column of the Mapping sheet for every annotation. 

During macro execution: 

• Vertical placement (Y‑coordinates) is derived from the line numbers specified in the Mapping sheet, using the 

positional values available in the reference aCRF file. 

• Horizontal placement (X‑coordinates) is calculated using the left and right margin settings defined in the 

annotation_map.xlsx file created in step 1. 

• The Align field allows adjustment of the annotation alignment left, right, or center ensuring precise and visually 

consistent placement. 

This ensures that each annotation is positioned accurately and consistently across all CRF pages. 

CONCLUSION 
The automated aCRF annotation workflow offers a reliable, scalable solution that replaces time‑consuming and 

error‑prone manual processes. By combining SAS macros, R‑based PDF extraction, and structured Excel templates, 

the system ensures accurate, consistent, and well‑formatted annotations aligned with regulatory expectations. 

Automated width handling, coordinate‑based positioning, and metadata‑driven annotation rules enable precise 

placement even when CRF layouts change. Overall, this approach lowers manual effort, reduces errors, and improves 

the speed and quality of aCRF development. 
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