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Abstract

Content: In 1998, I proposed that the International Society for Advancement of Cytometry should 

replace their present Flow Cytometry Standard with an implementation in DICOM and work with the 

DICOM developers. After this suggestion was rejected, I suggested an XML implementation based 

upon DICOM to the International Society for Advancement of Cytometry Data Standards Task Force. 

Technology: XML Schema Design Language is the basis for the development of a new standard 

(CytometryML) for cytometry metadata. The schemas have been validated with XMLSpy and Stylus 

Studio. The relevance of the composition of the major schemas has been tested by the automated 

creation of XML pages and the manual entry of data into them.

Design: Since only data-types including data structures and objects are described in schemas, 

object oriented design principles were followed in their design, which, wherever possible, was 

based on DICOM. Strong typing, minimization of the coupling of independent higher-level schemas, 

and maximization of the cohesion of individual schemas were design principles. Container files for 

multiple XML pages that included a table of contents were employed instead of mimicking a DICOM 

directory structure.

Results: XML schemas that describe the metadata XML documents for two related types of container 

files have been created. The series container includes the metadata files that are constant for a set 

of measurements, such as the instrument description. The instance container includes the metadata 

and binary data that is specific to an individual or small closely related group of measurements, such 

as the instrument settings and staining protocols. Schemas for digital microscopes and flow cytome-

ters, as well as image and list-mode (waveform) data have been created.

Conclusion: It is possible to translate DICOM data-types into conventional, readable, modular XML 
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schemas. Both the XML metadata and binary data files that describe instances can be placed 

together in a container based upon a ZIP file. The reuse of the well tested DICOM model and descrip-

tions resulted in a great decrease in the design and documentation effort and increased the proba-

bility of success. 

Pathology = DICOM + XML
•DICOM WG 26 is doing Classical pathology (transmission microcopy) and whole slide 

imaging

•The International Society for Advancement of Cytometry (ISAC) Data Standards Task 

Force is developing in XML Schema Definition Language (XSDL) the Advanced Cytometry 

Standard (ACS), which includes fluorescence, confocal, and other microscope modalities, 

which are part of the future of pathology.

•Pathology and Cytometry are a Continuum!

--ISAC primarily does research & Pathology uses the technology. 

Why Extensible Markup Language (XML)?
•Since the DICOM data representation is unique, special interface software must be writ-

ten to interface it to other software and to hardware.

•XML is ubiquitous

--XHTML (Web applications) is XML.

--A very large amount of data is stored in XML.

--XML has been interfaced to virtually all commercial software including databases.



page 3 of 13

XML Schema Design Language (XSDL)
•Readable

•Strongly Typed

--Range checking (No 750 year olds)

•Data Structures

--Enumerated types & Choices

•Object-Oriented

--complexTypes are classes

--Extension

--Restriction (templates or generics)

•Significant usage (Microsoft and others)

--Create Type declarations for header files

The items below the dotted line are the part of the CytometryML schemas that will be discussed.

DICOM Organization

1 Patient (Medical Record)

X Studies

Y Series

Z Instances
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Figure 1 shows the movement and organization of data in a combined cytomics clinical data information
system. It is an extension and adaptation for cytometry of DICOM Supplement 122 [2]: Specimen Identifi-
cation and Revised Pathology SOP (Service-Object Pair) Classes. The numbers X, Y, and Z include 1. All Z
instances are described by a single series. The patient is the source of the specimen; and the patient’s medi-
cal record is the source and recipient of the patient data. If the data is for other than clinical studies, the
patient and hospital information systems would be replaced by entities from the appropriate domains. 



page 5 of 13

Container Files
•Zip file

•The Metadata_Type describes the contents of the container file. It consists of 2 ele-

ments: the Header and  Table of Contents (ToC).

•Header

-- All file references in the header part of the metadata refer to the container zip file. 

•ToC

--The ToC describes the files that are in the container file or provides a URI, Uniform 

Resource Identifier Reference, that points to the files that are external. 

•Two types of container files: Series and Instance

Figure 2 is a diagram that shows the placement of binary data and metadata into the instance and series contain-
ers. The Series_Data_Type (right) and the Instance_Data_Type (left) and their corresponding elements each
contain Header Information and a Table of Contents (ToC).
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CytometryML Container Header
.  Abbreviations: S=Series, I= Instance, U= unbounded

.

Table 1: Present in the Series and Instance Headers

Item Description and Comments m
inO

ccurs

m
axO

ccurs

Creation Date 
& Time

This is the time stamp for both XML pages S=0
I=1

S=1
I=1

Requested by In a medical application, this could be the physician who 
requested the measurement In other cases it could be a 
computer.

S=0
I=0

S=1
I=U

Performed by This could be the operator of the cytometer. If the cytom-
eter were a complete robot, it would be a computer.

S=0
I=0

S=U
I=U

Responsible
Individual

This lab manager or could be the pathologist in charge of 
the lab.

S=0
I=0

S=U
I=1

Modality Flow, Image, Other S=1
I=1

S=4
1=4

Container
File Level

The level indicates whether the container is a series or an 
instance.

S=0
I=0 I=1

File name This is the value of the file name. S=0
I=0

S=1
I=1

File exten-
sion

This is the value of the file extension. S=0
I=0

S=1
I=1

File URI This is the complete path to the file S=1
I=1

S=0
I=1

UID This is a DICOM UID which is a number that uniquely 
describes an object.

S=0
S=0

S=1
I=1

One level
higher URI

For a series and an instance, these are respectively a study 
and a series. 

S=0
I=1

S=1
I=0

File Content This is the type of the file, which in both cases is ZIP
.

S=0
I=0

S=1
I=1

Description String for information that has not been provided in any 
of the other header elements

S=0
I=0

S=1
I=1

Anonymized Data in order to be anonymized must have all information 
that could serve to identify the patient removed.

S=0
I=0

S=1
I=1
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     Abbreviations: S=Series, I= Instance, U= unbounded

Table 2 Present Only in the Instance Header

Item Description and Comments m
inO

ccurs

m
axO

ccurs

Instance
Number

The number of the instance in the series. I=1 1=1

Series
Information

The location, series number in the Study_File, a short 
description, and limited information about the Series 
Container file

I=1 I=1

Role Series member, Single measurement, Control, Variable 
(Value and Name), Modified data, or Other.

I=1 I=1

Table 3 Present Only in the Series Header

Item Description and Comments m
inO

ccurs

m
ax O

ccurs

Number of 
Instances

Total number of instance files, 1 to 64K 1 1
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 CytometryML Container ToC

Abbreviations: S=Series, I= Instance, U= unbounded 

Table 4:  Present in the Series and Instance Table of Contents

Item 
Pointed to

Description and Comments Element Type m
inO

ccurs

m
axO

ccurs

Specimen The metadata in a specimen file includes: the type 
(human, veterinary, environmental, or other), the 
accession number, UID, field (biological 
research, medical, environmental, or other), an 
identifier, the organ and its part, and the 
container.

specimen:Specimen_Type S=1
I=1

S=1
I=1

Compensation The present Gating-ML schema includes 
compensation

instance:File_Format_
Modifiable_Instance_Data_
Type 

S=0
I=0

S=1
I=1

Gating The present Gating-ML schema includes 
compensation

instance:File_Format_
Modifiable_Instance_Data_
Type

S=0
I=1

S=1
I=1

Analysis This is a document that needs to be created instance:File_Format_
Modifiable_Instance_Data_
Type

S=0
I=1

S=0
I=1

Test Definition The steps taken to prepare (stain or tag) the 
specimen. The preparation could be performed in 
2 parts. One at the series level and a subsequent 
one at the instance level.

other:XML_PDF_or_Other_
File_Type

S=0
I=0

S=1
I=1

Result File This is a document that needs to be created. other:XML_PDF_or_Other_
File_Type

S=0 S=1

Other File This is a place holder for the omissions that will 
inevitably occur in a design.

other:XML_PDF_or_Other_
File_Type

S=0
I=0

S=U
I=U

Additional 
Information

This is a place holder. anyType S=0
I=0

S=U
I=U
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 Abbreviations: S=Series, I= Instance, U= unbounded

The files described in a ToC can only belong to one series. The sum of the number of list mode and image binary
files has been allowed to be 100, which is high and would be a very BAD practice for clinical data, because it
could cause confusion in correlating the binary data with the XML metadata.

Table 5: Present Only in the Instance Only Table of Contents

Item 
Pointed to

Description and Comments Element Type m
inO

ccurs

m
axO

ccurs

Binary Data The binary data can be either from an image or a 
list-mode (waveform) file

toc:Binary_Data_Info_Type. Both 
the list-mode files and image files 
can be in multiple formats

1 100

List Mode The metadata in a list-mode file describes: the 
acquisition context, binary format, the status of 
the metadata contained in the binary file, the 
trigger parameter, the location of the channels 
and their numeric data formats, and the locations 
of the index files.

list:List_Mode_File_Type 0 1

Image Context This is the metadata that describes an image file 
including its format, number of layers, 
compression, etc.

context:Image_Context_Type 0 1

Procedure 
Name

This is an enumerated type that presently 
includes: Immunophenotyping, DNA histogram, 
viability, apoptosis, counting, rare cell detection, 
and other.

instance:Procedure_Name_Type 1 1

Channels 
Settings

This is the part of the instrument settings 
including the order of the optical components that 
can be varied for each run and their detectors. 
Each channel corresponds to an individual 
parameter.

channels:Channel_Reference_
Sequence_Type

1 1
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 Abbreviations: S=Series, I= Instance, U= unbounded

There is only one instrument, which can be either a flow cytometer or a microscope. The flow cytometer schema, 
instrument.flow.xsd, will be extended to include image capture.

Table 6:  Present Only in the Series Table of Contents

Item 
Pointed to

Description and Comments Element Type m
inO

ccurs
m

axO
ccurs

Instrument 
Information

This provides an abbreviated description of the 
instrument includes its modality (flow, image, 
etc.), name, and manufacturer. 

instr:Instrument_Header_Type 1 1

Flow 
Cytometer 
Description

This is the metadata for the flow cytometer. This 
metadata includes the optical and fluidics parts, 
electronics, software and settings that are 
constant for the entire series.

flow:Flow_Specific_Info_Type 0 1

Microscope
Description

This metadata includes the optical and 
positioning parts, electronics, software and 
settings that are constant for the entire series.

micro:Microscope_Specific_ 
Info_Type

0 1

Instance 
Container File 
Information

These elements describe the location of an 
instance file containers and includes a list of the 
metadata and binary files in each container.

instance:Instance_Container
_File_Info_Type

1 1

Series 
Overview

This is a file that describes the series in its 
entirety.

other:XML_PDF_or_Other_ 
File_Type

0 1
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At a minimum, 8 elements are needed to describe the contents of a series container and 14 are needed for an 
instance container. This is subject to revision by a consensus.

Schema Creation
•Reuse: DICOM, ISAC FCS, ECMA, HR-XML

•Simple object based design methodology

•Schemas = classes or packages O-O languages. 

•Size kept manageable by budding off new schema(s). 

•Acyclic graph. No schema was imported by any that it imports. 

•All data-types that include elements based on other data-types are located below those 

used.

Table 7: Metadata Required Elements

Item Required Total Percent 

Series Header 4 16 25%

Series ToC 4 13 31%

Series Total 8 29 28%

Instance Header 7 16 44%

Instance ToC 7 12 58%

Instance Total 14 28 50%

Metadata Total 22 57 39%
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Conclusions
•It is possible to translate much of DICOM into XSDL and then into XML.

•The XML schemas can be used with other applications including Microsoft® Office.

•The DICOM design and documentation can be reused with other syntaxes, such as 

XML.

•DICOM can and should be extended in XML.

•Sometime in the future, DICOM could evolve into an XML based standard.
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