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ABSTRACT

The International Society for Analytical Cytology, ISAC, has developed a Flow Cytometry Standard (FCS) to
permit data interchange. ISAC will soon replace Flow Cytometry Standard 2.0 (FCS2.0) with FCS3.0. Unfortunate-
ly, the proposed FCS3.0 is still fraught with problems, which are of sufficient magnitude as to warrant its early re-
placement. The most reasonable replacement is as a supplement to the Digital Imaging and Communications in
Medicine, DICOM 3.0, standard. The recent digital microscopy extension of DICOM can be extended and modified
to include flow cytometry data. DICOM includes: image graphics objects, specifications for describing: studies, re-
ports, the acquisition of the data and the individuals involved, physician, patient, etc. Storing the present FCS data
in a database, which has already been accomplished with the QC Tracker software, will facilitate the transition of
FCS to DICOM.
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1. INTRODUCTION

The International Society for Analytical Cytology, ISAC, has developed a Flow Cytometry Standard (FCS) to
permit data interchange. ISAC will soon replace Flow Cytometry Standard 2.0° (FCS2.0) with FCS3.0%3. Unfortu-
nately, the proposed FCS3.0 is still fraught with problems, which are of sufficient magnitude as to warrant its early
replacement. We have previously suggested14 a two step process: 1. Removal of the obvious problems from
FCS3.0; and 2. Commence building a Digital Imaging and Communications in Medicine, DICOM? standard for Flow
Cytometry employing the domain knowledge contained in FCS3.0. The FCS image standard will be replaced by
the DICOM Microscopic Image Standard?.

It must be emphasized that the knowledge required to determine what information should be contained in a
standard is entirely different from how to structure a standard. The selection of the data items contained in ISAC
FCS3.0 showed excellent domain knowledge. However, the present design of FCS3.0 shows no evidence of ex-
pertise in the creation of software standards. Since the FCS is a detailed specification for software which will be
included in a medical device, the products that employ it fall under the jurisdiction of the US FDA and other national
and multinational regulatory agencies, such as the European Economic Community.

2. FDA Guidance for Software

The latest “ODE Guidance for the Content of Premarket Submission for Medical Devices Containing Software

Draft Document” from the FDA CDRH Home Page6 provides guidance on the regulatory review of premarket med-
ical device software submissions. It will replace the “Reviewer Guidance for Computer Controlled Medical Devices
Undergoing 510(k) Review” which was issued in 1991. “This guidance discusses the key elements reviewers look
for in a premarket medical device software submission; thereby providing a common baseline from which both man-
ufacturers and scientific reviewers can operate.”

The items relevant to an Analytical Cytology standard of Section C.1 Review Checklist are given below. The
numbers in the ODE Guidance checklist have been prefaced with FDA.This checklist is intended to be used by re-
viewers and manufacturers to determine if the software documentation is consistent with the device.

FDA 1. Is the hazard analysis complete, and is it consistent with the device and intended use and level of con-
cern determination?

FDA 2. Are appropriate safety requirements incorporated in the device which address the hazards identified?
Have they been appropriately evaluated?
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FDA 3. Are the software lifecycle processes and methodologies discussed appropriate for the safety issues and
level of concern of the device?

Does the submission discuss how the hazard analysis was performed?

a. If this is a “lower” level of concern, is it adequate for addressing the hazards that were identified? Are the
lifecycle processes, risk control measures, and quality assurance activities reasonable for the device?

b. If this is a “higher” level of concern, is it adequate for addressing the hazards that were identified? Are the
lifecycle processes, quality assurance measures, and risk management activities appropriate in addressing
the safety issues for the device?

FDA 4. Are verification and validation activities performed prior to formal release?
FDA 5. Is there adequate documentation generated to assure traceability?
FDA 7. Are the software and system requirements consistent with device claims, labeling, and intended use?

FDA 10. Are security measures consistent for the level of security required for data or device access for pre-
venting data loss?

FDA 17. Do results of tests and analyses demonstrate conformance to all requirements, including safety?

FDA 19. When data are transmitted between devices or device elements, are means provided to ensure there
are no transmission errors? How is this verified?

FDA ltems 1 and 2 require a hazard analysis; items 5, 7, and 17 concern requirements.

3. PRELIMINARY HAZARD ANALYSIS

Whatever standard is finally adopted for Flow Cytometry data interchange will require a hazard analysis and
appropriate safeguards built into the standard to prevent hazards from occurring. Since no hazard analysis has pre-
viously been performed for any version of the FCS, a draft analysis is given below. FCS3.0 will be used to transfer
flow cytometry data from one program to another on the same computer and from one computer file system to an-
other on the same or, most often, on different computers. The data can be moved between computers either by
physically transporting movable media: diskettes, tapes, CD-ROM, etc. or by electronic communication, principally
over the Internet. The hazards below are listed from higher to lower severity.

Hazard 1. Undetected transmission errors.

Note: Since these errors could effect the treatment of the patient, this is a high priority hazard.
Hazard 2. Erroneous field identification and/or interpretation.
Hazard 3. Erroneous numeric interpretation.

Note: This could be due of interpreting an incorrect byte order (endian).

Hazard 4. The original data logging system can create a file that can not be read and both the primary data and
sample are lost.
Note: Reasonable testing of the software would minimize this possibility. This error could either delay or prevent
the use of the flow cytometry data.
Hazard 5. The data can not be read at the receiving end.
Note: This can often be fixed by a retransmission. This error could delay the use of the flow cytometry data.

4. REQUIREMENTS

In the following comments, when quoting the FCS3.0 text, quotation marks, “FCS3.0” will be used. The only
documented requirements in FCS3.0%% are: “The principal goal of the Standard is to provide a uniform file format
allowing files created by one type of acquisition hardware and software to be analyzed by another type. The pro-
posed FCS3.0 standard maintains backwards compatibility with previous versions by retaining the basic FCS file
structure.”
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The stated goal of providing “a uniform file format allowing files created by one type of acquisition hardware

and software to be analyzed by another type” has not been achieved, since the FCS3.0 specification still permits
diversity rather than enforcing uniformity.

Since the above requirements are insufficient for creating a flow cytometry standard, a more complete set of

requirements is proposed below. The membership of ISAC and other parties interested in Flow Cytometry are en-
couraged to comment on these requirements. Test plans require an explicit requirements document. Good speci-
fications facilitate validation suite development.

Requirements that we would add are:

Reg.1 FCS should be defined as a manufacturer independent data transfer format.

Note: The data generated by a flow cytometer belongs to the institution where it was generated. In many cases, the
FCS format is to be applied to information that is transferred from one computer to another or from one program
to another. The FCS files are a means to store an image of data organized to be transferred. The software vendor
or developer is not required to keep flow cytometry data in FCS format. FCS format is very inefficient for many
applications. All of the data describing the flow cytometry run except, possibly, the actual measurements on the
cells is far more accessible if stored in a database®. If the database stores 8, 16, and/or 32 bit integers, it also is
practical to store the list mode data in a database.

Req.2 Undetectable errors in writing, transmitting, reading, and receiving FCS data should be minimized.

Note: Very often as the allowable error rate is reduced, the amount of testing required to determine the actual error

rate increases. This relationship need not be linear. Therefore, some reasonable error rate needs to be specified. At

the very least, the FCS software developers should publish their measured or best estimate of the error rate.
Req.3 Conformance to the FCS should be testable.

Req.4 The developer (vendor) of software who produces FCS software should, at the very least, be required to
submit a statement that the product conforms to FCS.

Req.5 The FCS data format should be optimized for reliable transmission.

Req.6 International standards should be used for the design of and referenced by the FCS.
Note: A large portion of the users of flow cytometers are not residents of the United States. Therefore, the Interna-
tional Organization for Standardization, 1SO, has the highest precedence.

Req.7 FCS should be programming language independent.

Req.8 The capacity to interact and interface with other clinical data management systems should be maxi-
mized.

Req.9 FCS should be compatible with or based on existing, relevant standards.

Req.10 Human reading of the contents of a FCS data transmission or file should not result in errors or
breaches of patient privacy.

Req.11 The data acquisition configuration information included in the standard should be sufficient to permit an
experimenter to set up his/her instrument to repeat the acquisition of the data.

Note: At least initially, this may require inclusion of textural comments.
Req.12 The FCS ANALYSIS section should permit an experimenter to understand how the data was analyzed.

Note: The gates and their operations should be available. The exact descriptions of the algorithms employed for
producing the results in the Analysis section may be proprietary. At least initially, this may require inclusion of
textural comments.
Req.13 The data included in the standard should be sufficient to permit an experimenter to prepare the sam-
ple(s).
Note: The DICOM 3 Microscopic Imaging standard includes this capability.
Several goals are specified below. Although these goals are not true software requirements and can not be

absolutely predicted or measured, they are still desirable features.
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Goal 1. The costs of implementing and maintaining the standard should be minimized.

Goal 2 . Cytometry experts should exercise as much control as possible concerning the specification of what
information is contained in a Flow Cytometry data transfer format.

Note: The specification of what information is contained is entirely separate from the means to convey this infor-
mation, such as the format.

5. Comments on FCS3.0

At this stage of a discussion, agreement should be sought on the hazards and requirements listed above. If
these are agreeable, then the criticisms below of FCS3.0 can only be refuted by demonstrating that they are incon-
sistent with the requirements and hazards listed above.

The recursive structure of FCS is a significant problem in terms of functionality and testing. Many of the readers
of this document and/or the users of FCS have had the frustration of trying to download a large file on the Internet.
Often, there is a fatal communication disruption. For instance, the probability of success is much higher for down-
loading 12 one megabyte files than one twelve megabyte file (Req.5).

Figure 1 shows the layout of an FCS3.0 file. Ta-
ble 1 shows the location of the beginning and
| ending byte offsets of an FCS3.0 data set. Since
|B E|B E |B E |B E| eader 1 there is no limit on the number of TEXT sections
Ver | Text | Data | Analysis | Other| **| [12C4€T that will (except for the last) point to a HEADER
i which both starts a subsequent data set and will
in turn point to a TEXT section, complete testing
is impossible (Req.3). A simple interim solution
. Text| istolimitthe number of list mode data files to one
$BEGINDATA/1640/.....$NEXTDATA/225000/ and the number of HEADER and TEXT sections
v to five for each FCS3.0 data file. Large files con-
taining multiple data sets can be brocken up into
smaller packets for transmission. Each of these
packets can include a few key fields such as
date, time, and specimen number. These fields
L should provide enough information to reassem-
ble the file. If very large list mode files are to be
4" cecsccccccccccccs sent via the Internet or other electronic means,
Ver | Text | Data | Ana | Other| * Header there shoyld be a standart_j for dividing them into
IBE|BE|BE|BE| Data Set 2 blocks prior to tr§n§m|SS|on and reassembling
J—t them after transmission.
Y Y When international standards are available from
/SBEGINDATA/2650/..... SNEXTDATA/425000/] [Text 2| SO these should be employed (Req.6) rather
than the American standards such as those from
ANSI. Therefore, the character sets must be
Figure 1. FCS 3.0 Structure. The letters ‘B’ and ‘E’ abbreviate  hgse specified by 1SO12. The eight bit character
respectively beginning and end byte offsets. In order to facili-  get, |ISO 8859-1 (Latin 1), contains the special
tate readability, only the first letters of the segments have been haracters required for many European
capitalized. This is a recursive structure. HEADER 1 points to Ianguagesls. This will, at least, permit European
TEXT 1, which in turn dashed arrow) points to the HEADER in Analytical Cytologists to store their own and their
Data Set 2, which points to TEXT 2. In order to accommodate patients’ names correctly. FCS3.0 presently
data sets larger than 99,999,999 bytes, a supplemental TEXT  gges not permit many Europeans to enter their
section can be included. The location of the supplemental names without using 16 bit characters. The
TEXT section is specified in the primary TEXT section. present 7 bit character set referred to as ASCI is
ISO 646. Characters 0 to 127 of Latin 1 are iden-
tical with US-ASCII. The 16 bit character set, ISO
10646, is suitable for many Oriental languages.

|

- Data 1

- Analysis_1
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Table 1. Example of an FCS 3.0 HEADER Lay Out

Version TEXT DATA ANALYSIS OTHER
_Begin End Eegin End Eegin End Eegin End
FCS3.0 | 256 | 1,451 | 1,640 |202,687] 203,000 | 207,538 210,438 | 220,512 |
The present standard uses ==, is full of C constructs, and refers to C code. This is totally contrary to program-

ming language independence (Req.7). The C programming language and its descendants are not suitable for

medical®® or other safety critical devices. For instance, N. G. Leveson?’ states, “Not only must a language be sim-
ple, but it must encourage the production of simple and understandable programs. Although careful experimental
results are limited, some programming language features have been found to be particularly prone to error --among
them pointers, control transfers of various kinds, defaults and implicit type conversions, and global variables. Over-
loading variable names so that they are not unique and do not have a single purpose is also dangerous. On the
other hand, the use of languages with static type checking and the use of guarded commands (ensuring that all
possible conditions are accounted for in conditional statements and that each branch is fully specified as to the con-
ditions under which it is taken) seem to help eliminate potential programming errors, Some of the most frequently
used languages (such as C) are also those that, according to what is known about language design, are the most

error prone.” Riehle?! makes a very strong case for Ada where safety is required.

Citing Numerical Recipes in C is insufficient. C code and nomenclature are obscure, hazard prone methods for
describing algorithms. Algorithms are better described in plain English, mathematical notation, pseudo-code, and/
or flow charts.

A simple example in FCS of a C construct, which is confusing and can lead to errors, is the first byte of the
header is numbered zero. Languages which are descendants of Pascal, including Ada, stress readability. Ada can
start arrays with the first element being 1 or any other integer.

Another serious defect is the use of sentinels. FCS Section 3.2.1 states,: “The TEXT segments (primary and
supplemental) contain a series of ASCIl encoded keyword-value pairs that describe various aspects of the data set.
For example, $TOT/5000/ is a keyword-value pair indicating that the total number of events in the file is 5,000.
$TOT is the keyword and 5000 is the value. The'$’ character flags this keyword as a standard FCS keyword. In this
example, the '/’ is the delimiter character.” Although, the use of the character '/’ as a sentinel for both the beginning
and end of a value can cause errors (see below), the hazard associated with these potential errors is overshadowed
by allowing the user to select the sentinel character. The sentinel and other special characters should be specified
by the standard.

Programming languages, by and large, employ two ways to describe the size of an object. C and its derivatives
employ a sentinel character ‘nul’ to end strings. This provides great flexibility. It also decreases efficiency because
the program has to check for the sentinel after reading each character. If the data is corrupted, the string or other
similar construct can have extra characters added. Ada and the rest of the Pascal family of languages include the
length of the string in the data. If there are either more or less characters than are specified, in Ada the exception
constraint error is raised. This serves as a very effective means to warn both the user and the system that some-
thing wrong has occurred, Req.2. DICOM 3 specifies the size of its objects. Most if not all of the readers of this
document are knowledgeable about frame shift mutations where after 3 mutations, a functioning protein is often
produced. This could happen with transmission errors.

If there is to be long term use of FCS, the possibility of error would be decreased by making the starting char-
acter be different from the ending character. Care should be taken to ensure that it is a character in the lower ISO
8859-1 character set so that it will not interfere with foreign languages. This is the range of 0 to 127 decimal or
16#00# (nul) to 16#7F# (del). Since the semicolon Latin1(59) serves as a terminator for C, C++, Pascal, Ada, and
other languages, it is an obvious choice for being the terminator. The delimiter should not be user defined. It should
be specified. The user variable start character should also be specified.

Since the FCS3.0 is defining a standard for a medical device and the authors of FCS3.0 have defined conform-
ance, they should also propose a rigorous method to validate manufactures’ code (Req.3). The suggestion below
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of a new standard based on DICOM removes the responsibility concerning validation from ISAC or any other single
scientific or medical organization (Goal 1).

The types employed for representing the data could be reduced by eliminating ASCII digits. The inclusion of
ASCII digits as a data type causes two meanings, bit and byte, for the B in PnB. This ambiguity increases the com-
plexity of the design and code.

The example given, “$GnF/string/ $G2F/520LP/” does, at least, define a long pass filter. However, If filters are
defined as the objects that are put in filter holders then, at least, the following terms could be used in the first ele-
ment in a record or equivalent with the enumerated types: Long Pass, Short Pass, Transmission_Band,
Blocking_Band, Polarizer, Half_Wave_Plate, Quarter_Wave_Plate, Dichroic_Mirror, and Grating. There is nothing
in FCS to describe a grating or prism. The maximum or other specific wavelength, band pass and efficiency could
also be included as fields. The part number and manufacturer should be seriously considered. The meaning of
“$GnP Percent of emitted light collected by gating parameter n.” is not clear. Is it the product of the transmissions?

Byteord - byte order for data acquisition should be specified and not be an option. Presently, there are 24 pos-
sible (4 factorial) byte order formats. Support of all of these including testing (Req.3) is not warranted (Goal 1). DI-
COM Part 5, Data Structures and Encoding Section 7.3 states, “Big Endian vs. Little Endian Byte Ordering. Another
component of the encoding of a Data Set that shall be agreed upon by communicating Application Entities is the
Byte Ordering. Little Endian byte ordering is defined as follows: In a binary number consisting of multiple bytes (e.g.
a 32-bit unsigned integer value, the Group Number, the Element Number, etc.), the least significant byte shall be
encoded first; with the remaining bytes encoded in increasing order of significance.” DICOM PART 2: Conform-
ance, in its Presentation Context Table lists Little Endian Transfer Syntax. PART 9: Point to Point Communication
Support for Message Exchange specifies little endian in 4 places, for instance, “Only one transfer syntax shall be
supported for point to point message exchange: little endian.” Both the C and Ada programming languages have
facilities for producing data with little endian byte ordering. It should be emphasized, that the standardization of byte
order for transmission is totally irrelevant to the internal disk storage or analysis of the data.

The use of clustering technology and improved graphics has resulted in gating becoming a moving target. New-
er forms of gating include: the locus of points produced by sketching software, ellipsoids of revolution in hyperspace
and data trees. The inclusion of a DICOM Short Text field (1,024 bytes maximum) to describe the actual gating may
be the easiest of the possibilities. Otherwise, each type of gating requires its own parameters. The mode of gating
thus becomes the equivalent of the discriminant of a variant record or in object oriented technology is a child of the
gating class.

In the optional FCS keywords some thought should be given to string lengths. Where there will be no loss of
understanding, a maximum number of characters should be specified. The specification needs a data dictionary.
Presently, there can be a synonym explosion. This data dictionary could be housed on the ISAC web site. The soft-
ware developers would be required to register all new key words and to start them with a standard symbol; ‘#','!’,
or ‘@' might be possibilities.

Short FORTRAN style key words are an anachronism (Req.10). What is needed is the standard software en-
gineering practice of separating syllables by underscores. Many modern programming languages are case insen-
sitive for all entities except user defined strings. The convention of starting succeeding syllables with a capital letter
has the difficulty that pretty-printers in case insensitive languages can change the case of individual letters.

It must again be emphasized, that the arguments presented above only pertain to the format of FCS3.0. The
data items themselves are not the subject being discussed. In fact, most of this domain expertise presentin FCS3.0
should be employed in the creation of DICOM objects. There is no need to maintain a unique standard for Flow
Cytometry.

6. POSSIBLE REPLACEMENTS FOR FCS

6.1. Interfile

Interfile is a specification for a file format for the exchange of nuclear medicine image and associated data*®,

which is similar to FCS in layout. The Interfile format includes”, “two types of data: administrative (header) data and
binary (usually image) data. It is still possible to place both administrative data and binary data in a single contigu-
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ous file, but this is no longer recommended. It is now suggested that administrative and binary data be kept in sep-
arate files, where a pointer to the file containing the binary data is indicated in the administrative data file. The
administrative data are only composed of key-value pairs and exist in the form of ASCII text.The Interfile header is
text based.” “All administrative data are to be supplied in the form of key-value pairs in ASCII with delimiters.” “The
maximum permitted number of characters for a key or a value or a comment is 255 characters.” End of line is em-
ployed as the terminal deliminator and *;’ to start a comment. For instance:

patient name := JOAN DOE <CR><LF>
Interfile also includes a for loop structure and conditionals. Image data is described as arrays.
6.2.HDF

The HDF!8 format has been suggested22 as a possible replacement for FCS. It is an interesting standard for

storing and manipulating “Scientific Data Sets”’. Of particular interest to this discussion, the HDF web site included
a reservation similar to the one above concerning Interfile which also expresses reservations about putting the ad-
ministrative and binary data in the same file. HDF does not seem to have any connection with Medical Informatics
(Req.8) and thus is not a reasonable choice for a successor to FCS. However HDF appears to be a useful format
for multidimensional scientific data and has significant similarities to DICOM. The knowledge embodied in the de-
sign of HDF, certainly is relevant to medical imaging and flow analysis and should be employed as a guide to im-
plementing new features in DICOM.

6.3. DICOM 3.0

Supporting Organizations: Initially, The American College of Radiology, and the National Electrical Manufac-
turers Association formed a joint committee to develop DICOM. Liaison was established with: Committee European
de Normalization/Technical Committee 251 or in English, Technical Committee 251 (Medical Informatics) of the Eu-
ropean Standards Committee (CEN TC251) and Japanese Industry Association for Radiation Apparatus (JIRA) in
Japan. The standard has been reviewed by IEEE, HL7 and ANSI in the USA. The American College of Pathologists
is now participant.

6.3.1. Description: DICOM 3.0 is a multivolume Standard®, which “includes: Information Object Definitions,
Service Class Specifications, Data Structure & Semantics, Data Dictionary, Message Exchange, Network Com-
munication Support for Message Exchange, and Point-to-Point Communication Support for Message Exchange3'
Partl Besides the image graphics objects, DICOM includes® Pat 3 specifications for describing: studies, reports,
the acquisition of the data and the individuals involved, physician, patient, etc. The syntax and semantics of a set

of device protocols for exchanging information are specified. Both the OSI and TCP/IP protocols are supported3'
Part 1

As stated in Part 1% Pat1 describing the DICOM Data Dictionary, “Part 6 of the DICOM Standard® P26 is the
centralized registry which defines the collection of all DICOM Data Elements available to represent information. For
each Data Element Part 6:

assigns it a unique tag, which consists of a group and element number;
gives it a name;

specifies its value characteristics (character string, integer, etc.);
defines its semantics (i.e. how it is to be interpreted).”

The following description of the way DICOM describes the representation of data types is taken from Part 6.
The Data Element Tag is “ A unique identifier for an element of information composed of an ordered pair of numbers
(a Group Number followed by an Element Number), which is used to identify Attributes and corresponding Data
Elements.” “A Tag is represented as (gggg,eeee), where gggg equates to the Group Number and eeee equates to
the Element Number within that Group.” Both the Group and Element Numbers of DICOM Tags are represented in
hexadecimal notation. They are unsigned 16 bit integers.

The Length of the actual value of the object is specified by a long integer (32 bits). In the case of ASCII Text
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an even number of bytes is specified.

Table 2. DICOM Data Types

DICOM Name

Description

Length in Bytes

Decimal String

CharS :Oy_ngi' 1+1' 1_5, ;Ey' le!, t.l

Variable, 16 Bytes Max

CCYY MMDDHHmMmMSS, Microseconds & an

Variable, 26 Bytes Max.

Date Time offset in hours and minutes Offset Optional
Floating Point Single IEEE Format 4 Bytes

Floating Point Double IEEE Format 8 Bytes

Integer String ‘09, +, Variable, 12 Bytes Max.

Long String

Since '\' serves as the delimiter, it is excluded.

Variable, 64 Chars
Max.

Long Text

All Chars including graphic character set and
control characters

Variable, 10,240 Chars Max.

Person Name

Excluding control characters

Variable, 64 Chars Max.

Short String Since '\' serves as the delimiter, it is excluded. |Variable, 16 Chars Max.
Signed Long Signed binary integer 32 bits 4 Bytes
Signed Short Signed binary integer 16 bits 2 Bytes

Short Text

All Chars including graphic character set and
control characters

Variable, 1,024 Chars Max.

Unique Identifier

Char. subset ‘0’-'9, *.’

Variable, 64 Bytes Max.

Unsigned Long

Unsigned binary integer

4 Bytes

Unsigned Short

Unsigned binary integer

2 Bytes

Table 2 describes the more familiar DICOM data types. Each of the integer and floating point types has a fixed
length. When a string type such as Integer String represents a numeric type, then a subset of the Latin 1 character
set is employed. Strings like person name can employ the ISO specified supplementary sets (Req.6) for Latin al-
phabet Numbers 1 to 5, Cyrillic, Arabic Greek, and Hebrew. Work is underway to employ the two byte representa-
tions specified for other languages by ISO. DICOM also includes: enumerated, variable image/curve size, and a
sequence of Items types. The latter corresponds to a record that can have as an element another record.

The following is an example of a Value Representation a Data Element from DICOM PART 6: Data Dictionary,
Section 6 Registry of DICOM data elements the numeric tag is: (0010,1010) which is Patient's Name. The first
hexadecimal integer, 0010, identifies the Group as pertaining to the patient. The second hexadecimal integer, 1010,
identifies the Element as Patient's Name. The Group and Element Hexadecimal 16 bit unsigned integers are con-
catenated into one 32 bit unsigned integer. Person Name is a string with an even number of bytes and a maximum
value of 64. The third element is the Value Multiplicity (VM) which specifies the number of Values contained in the
Value Field. In this case, a 1 at the end indicates that there is one item. DICOM PART 5: Data Structures and En-
coding, Table 6.2-1: DICOM Value Representations describes the data structures in great detail.

Since the Data Element Tag (data type) is expressed as a number, a simple table look up or database can be
employed to parse the data. This provides significant protection. If the Data Element Tag in a file or transmission
does not match an existing one, a warning can be given. Similarly, the layout of the data must agree with the format
specified for the Data Element Tag.

One way to implement a DICOM system is to employ the objects and infrastructure created by The Object Man-
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agement Group, OMG, or similar organization. The OMG has developed the Common Object Request Broker,

CORBA, architecture for distributed processing19 and has formed a subsection, CORBAmed?, to investigate the
use of CORBA for medical informatics including the use of DICOM. The proper long term approach is to abstract
DICOM into a generalized image management specification for CORBA.

6.3.2. The transition of FCS to DICOM will be facilitated by storing the present FCS data in a database. This
has been already accomplished with the QC Tracker software®®, which parses Flow Cytometry Standard 2.0 files
and stores all of data including list mode in the tables of a relational database, AdaSAGE. AdaSAGE is presently
employed to retrieve, analyze, and plot data from multiple experiments to assess the stability of flow cytometers.
AdaSAGE combined with Ada includes the necessary facilities to reformat, store, retrieve, and manipulate the
present FCS data into the future DICOM data structures. This manipulation includes being organized for transmis-
sion in a DICOM 3 compatible format. Table 3 FCS3.0 to DICOM 3.0 Mapping is an example of some FCS3.0
data types and their present DICOM equivalents. The data items in the FCS Header do not need to be archived,
since they are only relevant to FCS format.

There are two approaches to mapping FCS to DICOM. The first is to employ the DICOM type which syntacti-
cally most closely approximates the FCS type. Since all of the FCS types are represented by either single (ASCII)
or double width (Unicode) characters, this requires limiting DICOM to character based data types. The second is
to select the DICOM data type to match the semantic meaning and ignore the representation of FCS. Table 3 fol-
lows the second approach. Matching the semantic meaning has three advantages: minimization of storage size,
maximization of execution speed, and protection against errors (Req.2). Utilization of specific types like Integer_32
permits both the database and compiler to check that the data and storage type match. If not, an error occurs and
in Ada an exception is raised.

DICOM 3 technology provides a better match to the contents of the REQUIREMENTS Section than does
FCS3.0. It must be emphasized that although DICOM 3 is a very large undertaking, the implementation of the parts
of SUPPLEMENT 15 required to store and transmit microscopic images would not be much different than creating
software to read and write FCS3.0. In fact, the structure of DICOM should facilitate reading of the DICOM file or
data stream compared to the same operations in FCS3.0.

Table 3 FCS3.0 to DICOM 3.0 Mapping
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Fl\clzfrgéo FCS3.0 Description FCS3.0 Type DICOM Type Comments
Events lost due to data ac-
$ABRT |quisition electronic coinci- |Integer_String | Unsigned Long
dence.
Clock time at beginning of | Time: Time: .
$BTIM data acquisition. hh:mm:ss[:ttf] |hh:mm:ss.sss FCS 1/60; DICOM 0.000
$CELLS Description of objects string Specw_ne_n Type Text up to 1,024 Chars
measured. Description
$COM Comment. string Long String 64 Chars
$CYT Type of flow cytometer. string Long String Manufacturer; Model Name
$CYTSN Eleorw cytometer serial num- string Long String
Date of data set acquisi- Date
$DATE - ion. dd-mmm-yyyy Decimal_String yyyymmdd
$EXP N"."me of mvest_lgator Initi- string Person Name 64 Chars
ating the experiment.




Table 3 FCS3.0 to DICOM 3.0 Mapping

Name of the data file con- . . maximum of 8 components,
SFIL taining the data set. string Referenced File ID each from 1 to 8 characters
ituti i strin
SINST Instltgnon at which data ¢ Institution Name |64 Chars
acquired.
$PAR Number of parameters in Integer_String | Unsigned Short
an event
$PnB (Bi- | Number of bits reserved Integer_String | Unsigned Short(2) Two overloaded methods for
nary) for parameter number n. stored data?
$PNR E:rnr?e for parameter num- Integer_String | Unsigned Short
$SMNO ﬁeplemmen (tube or well) la- string Integer String g:rclir%M states an Integer

DICOM 3.0 is being extended to include digital microscopy. The use of DICOM for Pathology imaging has ex-
tensive backing. “The College of American Pathologists (CAP) organized the CAP Image Exchange Committee in
1994 to develop extensions of the DICOM Standard for Pathology imaging modalities in conjunction with ACR and

NEMA.”3 Supplement 15 «This Synplement to the Standard is developed in liaison with other Standards Organizations
including CEN TC251 (WG3 and WG4) in Europe and MEDIS-DC and JIRA in Japan, with review also by other

organizations who are members of the ANSI Healthcare Informatics Standards Board (HISB)3: Supplement 15 »

Table 4 shows 39 of the new microscopic image data items that should be considered to be included to de-
scribe a flow cytometry data set. Many of the original items were pairs with the end of their name being either a
“Code Sequence” or a “Description”. Their Value Representations were respectively a Sequence of Items and Short
Text. Only one member of each these pairs is shown. The Value Representation is abbreviated to Sequence &
S _Text. . The Value Multiplicity is separated by a comma and given in order.

Table 4 Abridged & Simplified PS3.6 Section 6 Registry of DICOM Data Elements

Name Value Repr_es_entation Vglu_e_

Description Multiplicity
Anatomic Location of Examining Instrument Description (Code Sequence) Sequence & S_Text 1
Specimen Collection Date Time Date 1
Specimen Collection Procedure Description (Code Sequence) Sequence & S_Text 1
Specimen Sequence Sequence of Items 1
Specimen Processing Procedure Description (Code Sequence) Sequence & S_Text 1
Source Specimen Number Short Text 1
Specimen Type Description (Code Sequence) Sequence & S_Text 1
Specimen Fixation Description (Code Sequence) Sequence & S_Text 1-n,1
Specimen Stain Description (Code Sequence) Sequence & S_Text 1n,1
Specimen Counter-Stain Description (Code Sequence) Sequence & S_Text 1n,1
Specimen Extraction Description (Code Sequence) Sequence & S_Text 1-n,1
Specimen Hybridization Description (Code Sequence) Sequence & S_Text 1n,1
Hybridization Amplification Description (Code Sequence) Sequence & S_Text 1-n,1
Collecting Physician Person Name 1
Description of Specimen by Collecting Physician Long Text 1
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Table 4 Abridged & Simplified PS3.6 Section 6 Registry of DICOM Data Elements

Specimen Handling Precautions Short Text 1-n
Specimen Handling Special Requirements Short Text 1-n
Submitting Service Long String 1
Specimen Accession Number Long String 1
Creation Date of Accession Date 1
Creation Time of Accession Time 1
Light Source Description (Code Sequence) Sequence & S_Text 1n,1
Polarization Code String 1
Emission Filter Description (Code Sequence) Sequence & S_Text 1-n,1
Illumination Methodology Description (Code Sequence) Sequence & S_Text 1n,1
Polarization Angle Decimal String 1

6.4 Continuing Discussion. Much of the commentary and descriptions of various file formats referred to above was
taken from the ISAC Web Pagel?, which “publishes extended comments and alternative views.” If you are interest-
ed in future discussions on this subject, please look at the forum on Data File Standard for Flow Cytometry!!. Other
subjects relevant to Cytometry will also be found at the ISAC web site and, of course, at future SPIE meetings in-
cluding this one on Advanced Techniques in Analytical Cytology.

7. CONCLUSIONS

1. FCS3.0 should be an interim standard, which should be replaced by a DICOM Flow Cytometry
Standard.

2. If at all possible, all new FCS key words should specify Elements of DICOM Groups.

3. The Flow Cytometry DICOM Specification should be a sibling of the microscope image stan-
dard.

4. A relational database can store, manipulate, and translate the data from one format to another.
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