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Abstract
Recently, the digital imaging and communications in medicine 
(DICOM) standard introduced rules for the encoding, transmission, 
and storage of the imaging diagnostic report. This medical 
document can be stored and communicated with the images in 
picture archiving and communication system (PACS). It is a 
structured document that contains text with links to other data 
such as images, waveforms, and spatial or temporal coordinates. 
Its structure, along with its wide use of coded information, enables 
the semantic understanding of the data that is essential for the 
Electronic Healthcare Record deployment. In this work we present 
DICOM Structured Report (SR) and discuss its benefits. We show 
how SR enables efficient radiology workflow, improves patient 
care, optimizes reimbursement, and enhances the radiology 
ergonomic working conditions. As structured input significantly 
alters the interpretation process, understanding all its benefits is 
necessary to support the change.
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I. Introduction
Medical images are widely used in healthcare and biomedical 
research. Their applications occur not only within clinical 
diagnostic settings, but also prominently so in the area of planning, 
consummation, and evaluation of surgical and radi otherapeutical 
procedures. There is a wide range of imaging modalities available, 
which include X-ray Computed Tomography (CT), Single 
Photon Emission Computed Tomography (SPECT), Positron 
Emission Tomography (PET), Magnetic Resonance Imaging, 
Nuclear Medicine, Ultrasonic Imaging, Endoscopy and surgical 
microscopy, etc. These and other imaging technologies provide 
rich information on the physical properties and biological function 
of tissues. Fig. 1 shows the head images acquired using some of 
the modalities.

Fig. 1: Some of the Medical Image Modalities

Information from two images acquired in the clinical track of 
events is usually of a complementary nature, proper integration of 
useful information obtained from the separate images is therefore 
often desired, which motivates the procedure of medical image 
registration.

II. Overview of the DICOM Standard
DICOM provides detailed engineering information that can be 
used in interface specifications to enable network connectivity 
among a variety of vendors’ products. The Standard describes 
how to format and exchange medical images and associated 
information, both within the hospital and also outside the hospital 
(e.g., teleradiology, telemedicine). DICOM interfaces are available 
for connection of any combination of the following categories of 
digital imaging devices: (a) image acquisition equipment (e.g., 
computed tomography, magnetic resonance imaging, computed 
radiography, ultrasonography, and nuclear medicine scanners); (b) 
image archives; (c) image processing devices and image display 
workstations; (d) hard-copy output devices (e.g., photographic 
transparency film and paper printers).

III. DICOM Structured Reports
Definition, history and adoption The DICOM Structured Report 
(SR) was designed to be a “self-describing information structure” 
that could be “tailored to diverse clinical observation reporting 
applications by utilization of templates and context-dependent 
terminology” (Bid good, 1997). A DICOM SR document consists 
of an ordinary DICOM “header” containing demographic and 
identification information, accompanied by a “content tree” that 
consists of a recursive structure of name-value pairs. Extensive 
use is made of codes rather than plain text, numeric measurements, 
and references to images and coordinates of regions on those 
images. 
Beyond the realm of clinical trials, there are many reasons to 
encode structured, quantitative and coded information related to 
images. Indeed the ordinary human-readable radiology report, 
authored by radiologists for the consumption by an ordering 
physician, is often implicitly structured, by section headings, 
may contain quantitative information that has been measured and 
recorded manually, and frequently contains codes or keywords, for 
reimbursement purposes as well as for automated text generation 
from macros. One of the initial goals for the development of the 
DICOM Structured Report (SR) capability was to encode such 
reports, in a form that would allow information to be extracted 
more readily than from a paper printed report, or an unstructured 
plain text format. It was hoped that a transition to such an encoding 
would enable indexing and selective retrieval, without having 
to resort to Natural Language Parsing (NLP) (Langlotz, 2002). 
However, in practice, there seem to be many barriers to encoding 
structure rather than plain text. Principally these are the additional 
effort required to author a structured document as opposed to free 
speech dictation, and the lack of a means to disseminate structured 
documents beyond the radiology environment, since plain text 
remains the lingua francaof healthcare information systems for the 
time being. This is true despite the fact that there is some evidence 
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that would suggest that referring physicians prefer itemized rather 
than prose reports (Naik, 2001). 
Fortunately, greater success has been achieved with the 
encoding of machine-generated structured content. There are 
two general categories of such information, that generated by 
human operators using imaging equipment, such as distance and 
velocity measurements made during vascular, cardiac or obstetric 
ultrasound, and that generated by automated analysis of images, 
including so-called Computer Assisted Detection (CAD) or 
Computer Assisted Diagnosis (CAD x). Both types of use fall 
into the general category of creation of “evidence documents”, 
part of the content of which is often subsequently extracted and 
included in human generated reports that supply the interpretation 
of the findings. The DICOM SR framework has proven ideal for 
the encoding, interchange and persistent storage of such evidence 
documents, as was intended. This is largely because both the 
acquisition equipment and the image reporting equipment already 
support DICOM encoding and services in order to be able to 
exchange images, and it is less additional effort to extend the 
DICOM implementation than it is to develop some novel method. 
DICOM SR is rapidly supplanting various proprietary exchange 
mechanisms in this role, not only for radiology, but for cardiology 
as well (IHE, 2005).
The requirements for encoding of structured, quantitative and 
coded information derived from images as evidence documents 
would seem very similar to those required for encoding clinical 
trial results as described earlier. Subsequent sections of this paper 
will describe in detail how such information is encoded, and what 
additional steps are necessary to ensure reliable interchange 
between clinical trials systems.

IV. Relationship to Other Standards

XML
There are a variety of other efforts related to the standardization of 
the encoding of structured healthcare information, the most notable 
of which are XML-based. It is quite likely that a completely new 
standard for encoding radiological images and related information 
written in the 21st century would provide XML as an underlying 
encoding mechanism for everything except the bulk binary data. 
However, DICOM standardization began in the mid-1980s, with 
the first modern version being released in 1993, before the XML 
specification was published, and well before it became popular. A 
binary tag-value pair encoding form was used in DICOM, similar 
to that used in the Tagged Image File Format (TIFF) that was 
being developed for the graphic arts industry at about the same 
time. Other image formats like JPEG and GIF, as well as the more 
recent PNG and JPEG 2000, all of which also use binary encoding 
of header attributes, are not going to be replaced just because they 
are not XML-based. Similarly, the large installed base of DICOM 
devices precludes a change at this time. 
During the development of DICOM SR in the mid to late-1990s, 
consideration was given to using XML as an alternative to a pure 
binary DICOM encoding. This approach was rejected in favor of 
making use of the existing available DICOM tools and libraries 
that were already deployed in commercial medical devices. XML 
tools were not at that time as widespread, robust or accessible 
through standardized interfaces. The question of now standardizing 
an “alternative” XML encoding of the DICOM SR structure 
is revisited from time to time in the various DICOM working 
groups. The counter-argument to maintain interoperability with 
the installed base of devices and software prevails. In addition, 

the specific form of XML encoding to standardize would be 
heavily dependent on the intended use, and would likely require 
an additional choice to be made from many additional standards 
that are layered on top of XML for specific purposes.

In the absence of a standard alternative encoding of DICOM 
SR in XML, there are still many reasons to use XML as an 
intermediate form within applications. An implementation pattern 
for applications that render DICOM SR for human consumption 
is to transform the binary encoded content tree first into an XML 
form, either literally or into an object model or series of events, 
then apply XSL transformations to create HTML, then view that in 
a browser. The choice of intermediate XML form is very dependent 
on both the needs of the application and assumptions about the 
structure of the content. For example, if it is known that the content 
is only about individual lesions and their response evaluation, one 
could construct XML fragments of the form:

This sort of form is typical of the ad hoc XML formats that 
individual developers devise to solve specific problems without 
any concern for interoperability beyond their immediate domain; 
it is easy to write with a text editor, easy to extend, and is to 
some extent self-describing, in that the element names are human-
readable and their meaning is implicit, perhaps dangerously so. 
Note in this example that the units of distance are implicit, and 
hence not self-described.

Such a compact and application-specific representation may 
not be as useful for general-purpose applications that use codes 
from controlled vocabularies for concepts and values. Here is an 
alternative example that might be a more “literal” translation of 
a DICOM SR content tree and which explicitly preserves the use 
of coded terminology:
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There are many choices for encoding concepts drawn from a coded 
terminology. Rather than use attributes of an XML element as 
above, one might call out the coding scheme designator, code value 
and code meaning as separate elements, as in this example:

XML namespaces are an alternative to explicitly representing the 
coding scheme, code value and code meaning as XML attributes 
or elements. Once can declare an XML namespace that represents 
the coding scheme, or some designated subset or version of it. For 
example, if an XML document were to declare the namespaces 
“dcm”, “snm3” and “ucum”, then parts of the earlier example 
might be encoded as any one of the following possibilities:

Evaluation of such approaches raise the issue of whether or not 
the string representation of code values from the coding scheme 
may be encoded as XML elements, whether or not self-describing 
element names are defined by the name space, either by the coding 
scheme or elsewhere, and whether or not to encode a human-
readable meaning in the message. Regardless, namespaces are a 
fundamental mechanism used by XML-based standards to enhance 
interoperability. In particular, they allow a single document to 
make use of elements whose meaning is defined elsewhere by 
multiple different standards.

V. HL7 CDA
The Clinical Document Architecture (CDA) is a standard defined 
by the Health Level Seven (HL7) organization (HL7, 2004) for 
the purpose of interchanging persistent XML-encoded clinical 
documents. It allows for structured and unstructured as well as 
coded content, and provides a means of referencing or wrapping 
multimedia content. There are well-defined meta-data elements 
for managing the document, such as to be able to clearly identify 
the author and subject of the document. CDA documents are 
required to be human readable, in the sense that they must contain 
narrative content equivalent to any structured content present. The 
architecture makes use of the Reference Information Model (RIM) 
as well as data types being defined for the HL7 Version 3 (V3), 

but is not dependent on deployment of HL7 V3 for interchange. 
That is, CDA documents can be persistent and standalone, and be 
interchanged through other mechanisms than HL7. 
HL7 and DICOM have worked together to harmonize the CDA 
and SR efforts and to avoid gratuitous incompatibilities, but no 
mechanism of bi-directionally trans-coding SR to CDA with full 
fidelity is yet formally defined by either group, and may never 
be. 
CDA contains a means of encoding regions of interest in 
referenced images that provides similar mechanisms to those 
present in DICOM, as well as similar mechanisms for encoding 
concepts from controlled vocabularies. Similar graphic element 
types are used and the same mechanism is used for referring to 
two-dimensional coordinates as column and row pixel offsets 
from the top left hand corner of an image. The following is a 
simplified example:

Such a coordinate reference in a CDA might occur within an 
observation, such as the following:

CDA follows the HL7 V3 practice of using Unified Medical 
Language System (UMLS) Concept Unique Identifiers (CUID) 
as code values, rather than the traditional SNOMED code values 
that DICOM uses, but these can be mapped to one another with 
no information loss. The code system, which DICOM refers to 
as the coding scheme designator, is encoded as a globally unique 
identifier, specifically as an OID (Object Identifier), which is the 
same as a DICOM Unique Identifier (UID); these can also be 
mapped with full fidelity to and from the DICOM representation, 
and DICOM also has added specific mechanisms to encode the 
mapping of standard or private coding scheme designators to 
UIDs in a document instance.

VI. Information Types
The content of DICOM SR is structured hierarchically like a 
tree. The actual information lies in a tree node. A node contains a 
specific type of information. Each node is called a content item; it 
has children that are nodes themselves. However, the relationship 
between a parent node and a child node is more than a parent/
child relationship: it has a specific type.
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Fig. 2: Content Item has a Name and a Value

A. Content Item 
Data lies in a content item. Each content item has a name and a 
value as depicted in Fig. 1. 
The name is called a concept name. It defines what the value 
represents. For example, the concept name of a section is it’s 
heading. The concept name of a measurement is what the numerical 
value represents, a diameter for example. For instance, a text 
content item would be:

The text element example is simplified to illustrate the fact that 
a content item is a couple of a concept name and content. The 
complete definition will include children and will be discussed 
after the relationships are presented. 
In order to facilitate indexing and searching, the concept name is 
always defined by a code. Codes provide consistency of terminology 
independently of synonyms and languages. Therefore, a concept 
name is a code and a code is described by a code sequence that 
will be further discussed hereafter:

A code is unique. It is composed of a value and a coding scheme 
designator. The coding scheme designator ensures that the code 
value is unique within its scope. However, the code value is not 
very meaningful for human readers. For this reason, a code has 
also a code meaning whose sole purpose is to describe the code 
in a human readable text. 
Example: 
Code value: AQ 
Coding scheme designator: ISO3166_1 
Code meaning: ANTARCTICA 
Therefore, the attributes of a content item can now be summarized 
in Fig. 2. 
The code sequence is defined as an entity as follows.

Fig. 3: Content Item Attributes

B. Value Types 
DICOM SR defines different types for the actual information of 
a content item (Table I). 
Simple content types such as text, date, date and time, time, 
person name, and unique identifier (UID) reference are defined 
as characters.

More complex types are discussed hereinafter. 

1. Numeric
A numeric value consists in a numerical measurement value and 
a measurement unit. The measurement unit is a code.

2. Code
A code value is a coded sequence.

3. Reference Type
Images, waveforms, and other structured reports can be referenced 
inside the document. A different type of content exists for each 
type of referenced object. The concept name of the referenced 
object conveys the purpose of reference. 
Each DICOM instance of information, an image for example, 
is identified by a universal unique identifier (UID). Moreover, 
each instance of information is of a specific type called class. 
This class is also identified by a UID. An image for example, 
is of a specific type, such as computerized tomography (CT) 
or magnetic resonance (MR). In consequence, each instance is 
uniquely identified by its instance UID and its class UID.

A DICOM UID has a well-defined format that is not enforced 
here. 

4. Composite
A reference to a different structured report is called a composite 
reference and its content is defined as follows:

5. Image
Images are included in the document by reference. Therefore, only 
the instance UID and class UID are sufficient to unambiguously 
reference a specific instance. However, an image may contain 
multiple frames. Consequently, image frame numbers can thus be 
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specified to reference explicit frames within a multiform image. 
Also, images can undergo some transformations before there are 
visualized. An image can be zoomed or translated. Its brightness can 
be modified. Graphic annotations can be added. These spatial and 
contrast transformations have been specified in a DICOM object, 
the softcopy presentation state. The presentation state specifies 
information that may be used to display images consistently. Such 
information includes grayscale contrast transformation, selection 
of the area of the image to display, geometric transformation such 
as rotation or flip, and display of annotations as graphics or text 
overlays. Consequently, the image content item may also convey 
a reference to a presentation state instance associated with the 
referenced image. The reference to a presentation state instance 
is achieved with a UID pair (instance UID, class UID). The image 
element is thus described as follows.

6. Waveform
A waveform is a one-dimensional time-based signal digitized at 
a specific sampling frequency. It may correspond to a digitized 
sound such as a voice dictation. I may also correspond to a medical 
time-based signal, such as: 

A digitized pressure or other signal from the patient circulatory • 
system called a hemodynamic signal;
A digitized electrical signal from the patient cardiac conduction • 
system collected on the body surface—an electrocardiogram, 
or in the heart—a cardiac electrophysiology signal. 

Waveforms may consist of multiple channels synchronously 
digitized at a common sampling frequency.

Table 1: Value Types

Waveforms are defined as DICOM information objects. They 
are included in the document by reference. A UID pair is thus 
used to unambiguously reference a specific instance. Therefore, 
a waveform content element is described as follows.

7. Spatial Coordinates
Graphic data may be used to associate an anatomic or spatial 
region with one or more images. Graphic data may be used to 
denote the epicenter of an anatomic site or lesion or to delineate 
an open or closed polygon. Spatial coordinate’s attributes are a 
combination of a geometric form such as circle or ellipse, and a 
set of pixels that denote positions in an image. Consequently, a 
spatial coordinate content is defined as a choice between a single 
spatial point, multiple spatial points, a polyline, a circle or an 
ellipse. The circle is defined by two pixels, the center and one 
pixel on the perimeter. The ellipse is defined by the four endpoints 
of its axis. Each pixel is defined by its column and row.

The pixels are selected from the image. Therefore, the spatial 
coordinate content item will have a relationship of “selected from” 
with the image content item as will be discussed later. Evidently, 
the same set of spatial coordinates may be selected from more 
than a one frame in a multi-frame image or from multiple images. 
The values of columns and rows must be comprised between 0 
and 1. This is not enforced here. 

8. Temporal Coordinates
Temporal coordinates may be used to delineate a temporal region 
of interest in one or more waveforms. They can be used with 
timely related images such as the images of the same anatomic 
region acquired over a certain time period. They may refer to 
spatial coordinates, which in turn refer to one or more images. 
Also, they may refer to multiple images and a synchronously 
acquired waveform to indicate a temporal region on images and 
waveform. A temporal region is the combination of a temporal 
region type such as a time segment or multiple time points, and 
a set of temporal points. The temporal coordinates are selected 
form a waveform, an image or spatial coordinates. A temporal 
coordinate content is a choice between a single temporal point, 
multiple temporal points, a temporal segment, multiple segments, 
and a temporal range that continues beyond the waveform range or 
a temporal range that starts before the waveform range. A temporal 
segment is defined between two temporal points. A temporal point 
is defined as a sample position, a time offset from the beginning 
of the waveform or an absolute time and date. The definitions 
are as follows.
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Table 2: Relationship Constraints

VII. Related Work
Roberto Stramare et al., 2012 [1] In this paper a system for 
creating structured reports (SRs) using a standardized radiology 
lexicon was developed and tested to facilitate automated translation 
of content and multidisciplinary international communications. 
Methods A database of radiology terms, RadLex developed by 
the Radiological Society of North America, were used to create 
a shared indexed multilingual radiology lexicon. A diagnostic 
workstation for generating structured reports (OpenEye) was 
implemented with a “RadLex manager” function for adding new 
words to the lexicon in both English and Italian. Sample reports 
of examinations included in the Medical Imaging Resource 
Center (MIRC) radiology imaging database of clinical cases were 
prepared using this system. The system was evaluated for teaching 
purposes and scientific dissemination.
Darko Zikic et al., 2013 [2] In this paper they propose a method 
for multi-atlas label propagation based on encoding the individual 
atlases by randomized classification forests. Most current 
approaches perform a non-linear registration between all atlases 
and the target image, followed by a sophisticated fusion scheme. 
While these approaches can achieve high accuracy, in general 
they do so at high computational cost. This negatively affects 
the scalability to large databases and experimentation. To tackle 
this issue, they propose to use a small and deep classification 
forest to encode each atlas individually in reference to an aligned 
probabilistic atlas, resulting in an Atlas Forest (AF). At test time, 

each AF yields a probabilistic label estimate, and fusion is done 
by averaging. They scheme performs only one registration per 
target image, achieves good results with a simple fusion scheme, 
and allows for efficient experimentation. In contrast to standard 
forest schemes, incorporation of new scans is possible without 
retraining, and target-specific selection of atlases remains possible. 
The evaluation on three different databases shows accuracy at the 
level of the state of the art, at a significantly lower runtime.
José Salavert Torres et al., 2012 [3] In this paper an important 
effort has been invested on improving the image diagnosis process 
in different medical areas using information technologies. The 
field of medical imaging involves two main data types: medical 
imaging and reports. Developments based on the DICOM standard 
have demonstrated to be a convenient and widespread solution 
among the medical community. The main objective of this work is 
to design a Web application prototype that will be able to improve 
diagnosis and follow-on of breast cancer patients. It is based on 
TRENCADIS middleware, which provides a knowledge-oriented 
storage model composed by federated repositories of DICOM 
image studies and DICOM-SR medical reports. The full structure 
and contents of the diagnosis reports are used as metadata for 
indexing images. The TRENCADIS infrastructure takes full 
advantage of Grid technologies by deploying multi-resource 
grid services that enable multiple views (reports schemes) of the 
knowledge database. The paper presents a real deployment of such 
Web application prototype in the Dr. Peset Hospital providing 
radiologists with a tool to create, store and search diagnostic 
reports based on breast cancer explorations (mammography, 
magnetic resonance, ultrasound, pre-surgery biopsy and post-
surgery biopsy), improving support for diagnostics decisions. A 
technical details for use cases (outlining enhanced multi-resource 
grid services communication and processing steps) and interactions 
between actors and the deployed prototype are described. As a 
result, information is more structured, the logic is clearer, network 
messages have been reduced and, in general, the system is more 
resistant to failures.
Jaydev K.Dave et al., 2013 [4] In this paper DICOM dose report 
files were identified and retrieved from a PACS. An automated 
software program was used to extract from these files information 
from the structured elements in the DICOM metadata relevant 
to exposure. Extracting information from DICOM metadata 
eliminated potential errors inherent in techniques based on optical 
character recognition, yielding 100% accuracy.
Sean. Mc Dirmid et al., 2013 [5] Programming today involves 
code editing mixed with bouts of debugging to get feedback on 
code execution. For programming to be more fluid, editing and 
debugging should occur not only at the same time, but also in the 
same space to quickly make use of the resulting live execution 
feedback. This paper describes how live feedback can be woven 
into the editor by making places in code execution, not just in 
code, navigable so evaluation results can be probed directly within 
the code editor. A pane aside the editor also traces execution 
with entries that are similarly navigable, enabling quick problem 
diagnosis. Both probes and traces are refreshed continuously 
during editing, and are easily configured based on debugging 
needs. They demonstrate the usefulness of this live programming 
experience with a prototype
Shubh Chawla et al., 2014 [6] The health services have 
been involving across the world issues related to quality and 
standardization raised in medical field. Many standards were 
conceived, drafted and implemented by the experts of healthcare 
industry. Health organization to have quality echo system started 
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adopting standards like DICOM and HL7, lot of standardization 
occurred but these lead to a situation where standards were 
competing with each other, it require compatibility to overcome 
the limitation as well as seamless communication across various 
health organizations and their departments. This paper reviews 
medical imaging and related standards.

VIII. XML Based Structured Reporting
As the health services have been involving across the world issues 
related to quality and standardization raised in medical field. Many 
standards were conceived, drafted and implemented by the experts 
of healthcare industry. Health organization to have quality echo 
system started adopting standards like DICOM and HL7, lot 
of standardization occurred but these lead to a situation where 
standards were competing with each other, it require compatibility 
to overcome the limitation as well as seamless communication 
across various health organizations and their departments.
Recently, the digital imaging and communications in medicine 
(DICOM) standard introduced rules for the encoding, transmission, 
and storage of the imaging diagnostic report. This medical 
document can be stored and communicated with the images in 
picture archiving and communication system (PACS). It is a 
structured document that contains text with links to other data 
such as images, waveforms, and spatial or temporal coordinates. 
Its structure, along with its wide use of coded information, enables 
the semantic understanding of the data that is essential for the 
Electronic Healthcare Record deployment. In this article, we 
present DICOM Structured Report (SR) and discuss its benefits. 
We show how SR enables efficient radiology workflow, improves 
patient care, optimizes reimbursement, and enhances the radiology 
ergonomic working conditions. As structured input significantly 
alters the interpretation process, understanding all its benefits is 
necessary to support the change.
DICOM SR requires the use of codes, but does not impose 
constraints on the coded vocabulary. Likewise, it describes 
possible structures with limited constraints on the relationship 
between nodes without imposing additional restrictions.
Many DICOM standard templates have been subsequently defined 
to constrain the possible structures and to provide some basic codes 
that can be used to encode specific reports such as breast imaging 
or vascular ultrasound procedures reports. Codes may be extended 
to use Radlex, a lexicon for radiology that is being developed by 
the Radiological Society of North America in collaboration with 
other professional organizations and standard bodies.

IX. Extracting DICOM Data Objects
DICOM data object consists of a number of attributes, including 
items such as name, ID, etc., and also one special attribute 
containing the image pixel data (i.e. logically, the main object 
has no “header” as such: merely a list of attributes, including the 
pixel data). A single DICOM object can have only one attribute 
containing pixel data. For many modalities, this corresponds to 
a single image. But note that the attribute may contain multiple 
“frames”, allowing storage of cine loops or other multi-frame data. 
Another example is NM data, where an NM image, by definition, 
is a multi-dimensional multi-frame image. In these cases, three- or 
four-dimensional data can be encapsulated in a single DICOM 
object. Pixel data can be compressed using a variety of standards, 
including JPEG, JPEG Lossless, JPEG 2000, and Run-length 
encoding (RLE). LZW (zip) compression can be used for the 
whole data set (not just the pixel data), but this has rarely been 
implemented.

Fig. 4: DICOM File Size of Taken Images

Fig. 5: Number of Nodes Respect to DICOM Size
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