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1. Scope

1.1 This standard covers the two-way digital transmission of
remote requests and results between clinical instruments and
computer systems. It is intended to document the common
conventions required for the interchange of clinical results and
patient data between clinical instruments and computer sys-
tems. This standard specifies the message content for transfer-
ring information between a clinical instrument and a computer
system. It enables any two such systems to establish a logical
link for communicating text to send result, request, or demo-
graphic information in a standard and interpretable form. This
standard does not necessarily apply to general analytical
instruments in an industrial analytical nor research and devel-
opment setting.

1.2 This standard specification is intended to apply to the
structure of messages exchanged between clinical instruments
and computer systems by means of defined communications
protocols. Low-level communications protocols and data trans-
fer requirements are beyond the scope of this standard. A
separate specification is available from ASTM detailing a
standard for low-level data transfer communications (see
Specification E 1381E 1381).

1.3 This standard specifies the conventions for structuring
the content of the message and for representing the data
elements contained within those structures. It is applicable to
all text oriented clinical instrumentation. It has been specifi-
cally created to provide common conventions for interfacing
computers and instruments in a clinical setting. It would also
be applicable to interfacing instruments in clinical practice
settings, such as physicians’ offices, clinics, and satellite
laboratories.

2. Referenced Documents

2.1 ASTM Standards:
E 1238 Specification for Transferring Clinical Observations
Between Independent Computer Systems?

! This specification is under the jurisdiction of ASTM Committee E-31 on
Healthcare Informatics and is the direct responsibility of Subcommittee E31.14 on
Clinical Laboratory Instrument Interface.

Current edition approved Dec. 10, 1997. Published March 1998. Originally
published as E 1394 — 91. Last previous edition E 1394 — 91.

2 Annual Book of ASTM Standards, Vol 14.01.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.

Full document details: ASTM E1394-97

E 1239 Guide for Description of Reservation/Registration-
Admission, Discharge, Transfer (R-ADT) Systems for
Automated Patient Care Information Systems?

E 1381 Specification for Low-Level Protocol to Transfer
Messages Between Clinical Laboratory Instruments and
Computer Systems?

2.2 ANSI Standards:?

X3.30 ANSI Information System Codes

X3.40 ANSI Information System Codes

X3.43 ANSI Information Systems Codes

X3.50 ANSI Information Systems Codes

2.3 ISO Standards:*

ISO 5218 Information Interchange-Representation of Hu-
man Sexes

ISO 2955-93 Information Processing—Representation of
SI and Other Units in Systems with Limited Character
Sets

ISO 8859-1: 1987 Information Processing—S§8-bit single-
byte coded graphic character sets—Part 1: Latin Alphabet
No. 1

2.3 Other Standards:

EIA/TIA-232-E

3. Terminology

3.1 Definitions of Terms Specific to This Standard:

3.1.1 battery—a group of tests ordered together, for ex-
ample, an admitting battery. The term battery is used in the
document synonomously with the term profile or panel. The
test elements within a battery may be characteristic of a single
physiologic system, for example, liver function tests, or many
different physiologic systems. The battery is simply a conven-
tion by which a user can order multiple tests by specifying a
single name.

3.1.2 component field—a single data element or data ele-
ments which express a finer aggregate or extension of data
elements which precede it. For example, parts of a field or
repeat field entry. As an example, the patient’s name is
recorded as last name, first name, and middle initial, each of

3 Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036.

# Available from International Standards Organization, 1 Rue de Varembe, Case
Postale 56, Crt1221, Geneva 20 Switzerland.
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which is separated by a component delimiter. Components
cannot contain repeat fields.

3.1.3 download—data transmitted from a computer system
to a clinical instrument.

3.1.4 field—one specific attribute of a record which may
contain aggregates of data elements further refining the basic
attribute.

3.1.5 message—a textual body of information consisting of
a header (H) record through a message terminator (L) record.

3.1.6 record—an aggregate of fields describing one aspect
of the complete message.

3.1.7 repeat field—a single data element which expresses a
duplication of the field definition it is repeating. Used for
demographics, requests, orders and the like, where each
element of a repeat field is to be treated as having equal priority
or standing to associated repeat fields.

3.1.8 test—a determination of a single analyte or a combi-
nation of values from other determinations or observations
which constitute a measure of a single system attribute.

3.1.9 upload—data transmitted from a clinical instrument to
a computer system.

4. Significance and Use

4.1 General Information:

4.1.1 This specification provides for two-way transmission
allowing for data-flow in either direction. It provides for
sending demographic and test information to or from clinical
instruments. This specification has sufficient flexibility to
permit the addition of fields to existing record types or the
creation of new record types to accommodate new test and
reporting methodologies.

4.1.2 This specification is related to Specification
E 1238E 1238. Both standards use positional convention to
define the structure of messages that exchange information
about clinical test requests and results. The set of conventions
specifies a hierarchical set of records in which the records
higher in the hierarchy contain information that is common to
all records lower in the hierarchy and thus avoids redundancy
in linking data together. The positional convention is simple
and direct to implement, requiring only a sequence of strings
each having variable length delimited fields which are posi-
tionally specified.

4.1.3 Specification E 1238E 1238, in its entirety, is not
appropriate for use as a clinical instrument to computer system
interface. The conventions of Specification E 1238E 1238
regarding record types and the organization of data elements
within the records have been adhered to as closely as possible
to ensure that common data elements defined there and used
within instruments are specified as closely as possible. This
facilitates the use of this specification consistent with Specifi-
cation E 1238E 1238 in a number of settings. There are three
compelling reasons for developing a separate standard which
deviates from Specification E 1238E 1238.

4.1.3.1 The scope of Specification E 1238E 1238 is specifi-
cally targeted to accommodate information transfer between
two independent computer systems requiring shared patient
demographic and test result data. Specification E 1238E 1238
contains extensive requirements and limitations, much of
which may be of little, if any, use by clinical instrument
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systems. Further, clinical instruments have test and instrument
specific requirements outside the scope of Specification
E 1238E 1238 and, as such, are not available within the
existing Specification E 1238E 1238.

4.1.3.2 The structure of Specification E 1238E 1238 pro-
vides great flexibility in the ordering and reporting of test
results and patient demographics. While this is appropriate for
use by advanced computer systems of equivalent rank, Speci-
fication E 1238E 1238 clearly falls beyond the technical limi-
tations of many clinical laboratory instruments. This specifi-
cation attempts to identify, and simplify, all complex data
structures and interface procedures and, where practical, re-
strict multiple procedural options to single procedures appro-
priate for the clinical instrument setting. Further, this specifi-
cation has attempted to assign a master/slave hierarchy where
conflicts may occur, assigning appropriate responsibility for
data processing or reporting operations to the party (clinical
instrument or computer system) better able to process a
particular task. For example, in all cases involving the ordering
or reporting of tests, the instrument manufacturer is solely
responsible for assigning the test and result ID numbers (see
6.6.1). These reductions in flexibility directly result in in-
creased structure and clarity, which is deemed more appropri-
ate for ensuring successful interface implementation within the
clinical instrument setting.

4.1.3.3 Specification E 1238E 1238 was developed indepen-
dent of data protocol and transfer considerations. Specification
E 1238E 1238 uses maximum field and record lengths. Com-
bined with its record level checksum and error recovery
facilities, Specification E 1238E 1238 may be implemented
without a data protocol layer. By contrast, this message-content
specification has been developed in cooperative effort with a
correlative ASTM low-level data transfer and protocol speci-
fication. While each specification (message-content and low-
level protocol) is designed to be independently implemented
and maintained, the message-content specification presumes
that a protocol layer exists that will handle record blocking/
deblocking, error detection and recovery, and other associated
data transport tasks. As such, all protocol level operations and
limitations existing in Specification E 1238E 1238 are not
applicable, and therefore not included in this document.

5. Information Requirements in Clinical Testing

5.1 General Approach:

5.1.1 Messages may contain one or more requests/results
for one or more patients. Tests may be requested as groups of
many individual tests. These groups are referred to as batteries.
Examples of batteries are tests produced on a multichannel
analyzer, such as a CHEM12, physiological groupings of tests
(such as liver function tests) and Minimum Inhibitory Concen-
tration tests (MIC’s) in microbiology testing. The fact that a
series of tests is contained in a battery does not imply that they
are all performed on the same analytic instrument.

5.1.2 Messages consist of a hierarchy of records of various
types. Records at level zero contain information pertaining to
the sender identification and completion of transmission. Re-
cords at level one of the hierarchy contain information about

individual patients. Records at. level D oetHnenisn
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about test order requests and specimens. Records at level three
contain information about test results.

5.1.3 Comment records may be inserted at any level in the
hierarchy. A comment record always relates to the immediately
preceding patient, order, result, scientific or manufacturer
information record. Therefore, if a comment record were to
follow a patient record (level one), then that comment record
would be treated as a level two record. A comment record may
not follow the message terminator record.

5.1.4 Manufacturer information records may be inserted at
any level in the hierarchy. This record type always relates to the
immediately preceding patient, order, result, scientific or com-
ment record. Therefore, if a manufacturer information record
were to follow a patient record (level one), then the record
would be treated as a level two record. This record may not
follow the message terminator record.

5.1.5 Additional record types are the request-information
record and the terminator record. The request-information
record provides for the request of demographics or test results
to or from the clinical instrument for specified patients,
specimens, tests, and dates, and the like. The message termi-
nator record must be the very last record of the message.

5.1.6 The smallest element of information in any record is
the field, containing a single item of information, such as a
date, a patient name, or a numeric test result.

5.1.7 The test order record contains information about
ordering a single test, test battery, or a series of tests or
batteries, as discussed in 6.5.3 and Section 9.

5.1.8 Most of the record types are related to each other in a
definite hierarchy. At level zero is the message header and
message terminator. At level one is the patient record, the
request-information record and the scientific record. At level
two is the test order record. At level three is the result record.
The comment and manufacturer information records do not
have an assigned level.

5.1.9 A sequence of patient records, order records, or result
records at one level is terminated by the appearance of a record
type of the same or higher level. Thus, a sequence of results for
one battery of tests is terminated by the next test order, patient,
manufacturer information, request information, or message
terminator record.

5.1.10 An order record may never appear without a preced-
ing patient record and a result record may never appear without
a preceding order record.

5.1.11 When an order is transmitted, it must be preceded by
a patient record. All orders that follow apply to the patient in
the preceding patient record. When a result is transmitted, it
must be preceded by an order record and a patient record to
maintain the prescribed hierarchy.

5.1.12 Each instrument manufacturer adhering to this stan-
dard may decide which fields are applicable for their particular
application with the exception of those fields necessary to
identify the record type or parse individual fields. Thus the
need to send the hierarchy of records need not generate large
messages.

5.2 Logical Structure of the Message Level Protocol—See
Fig. 1.
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(Level 0) HEADER

(Level 1) MANUFACTURER INFORMATION 1

{Level 1) PATIENT 1 (general information about patient)

(Level 2) COMMENT Record (relates to previous patient record)

(Level 2) ORDER 1 (information about the first battery requested)

(Level 3) COMMENT 1 Record (Relates to ORDER 1)

(Level 3) RESULT 1 (information about the first result of battery 1)
{Level 3) RESULT 2 (information about the second result of battery 1)
(Level 4) COMMENT 1 Record (Relates to RESULT 2)

{Level 4) COMMENT 2 Record (Relates to RESULT 2)

RESULT n (information about the last result of battery 1)
(Level 2) ORDER 2 (information about battery 2)

RESULT 1 (information about the first result of battery 2)

RESULT 2 (information about the second result of battery 2)

RESULT n {information about the last resuilt of battery 2)

(Level 2) ORDER n (information about the last battery for the first patient)
{Level 3) RESULT 1 (First result of the last order)

{Level 1) PATIENT 2 (All of the structure repeats)

(Level 1) PATIENT n

(Level 0) MESSAGE TERMINATOR
FIG. 1 Logical Structure of a Message

5.2.1 Logical Information Storage Requirements—In order
to determine buffering requirements, both transmitter and
receiver must use common rules for storing transmitted data in
order to ensure proper error logging and error recovery
procedures (see 5.2.2). Since data content is structured in a
hierarchical fashion, any decremental change in the hierarchi-
cal level shall trigger storage of all data transmitted prior to
said level change. This rule may be considered as the minimal
implementation. Data may be saved at more frequent intervals
at the receiver’s option. See Fig. 2.

5.2.2 Logical Transmission Error Recovery Requirements—
Transmission line failure, determined at the transmission

Line # Record Type (Level) Increment  Action

A Header (Level 0)+0

B Patient 1 (Level 1)+1

(o} Order 1 (Levet 2)+1

D Result 1 {Level 3}+1

E Order 2 (Level 2)-1 {Save A-D}
F Crder 3 (Level 2)+0

G Patient 2 (Level 1}-1 { Save E-F }
H Order 1 {Level 2)+1

| Comment 1 {Level 3)+1

J Result 1 {Level 3)+0

K Comment {Level 4)+1

L Result 2 (Level 3)-1 { Save G-K}
M Order 2 (Level 2)-1 {Savel}

N Patient 3 (Level 1)-1 {Save M}
o] Order 1 {Level 2)+1

P Result 1 (Level 3)+1

Q Message Terminator (Level 0)-3 { Save N-P }

Note 1—Q is assumed as saved by virtue of the record type function
Note 2—Given the following example, permanent storage of data, by

the receiver, should occur at points; E, G, L, N, Q.
FIG. 2 Logical Information Storag sHaents
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protocol level, requires a mechanism for restarting the incom-
plete message. If a transmission failure occurs, transmission
shall restart at the last logical record not presumed saved as
outlined in 5.2.1. Procedures for determining time before
retransmission or maximum number of retransmissions are not
within the scope of this document. In order to fulfill hierarchi-
cal record level requirements, all logical records necessary to
reach the restart record point must be repeated prior to
transmitting the record where line failure originally occurred.
Using the transmission example as given in 5.2.1 and as
outlined in Fig. 2, the following record recovery examples
would be valid.

Line Failure Occurs At: Requires Retransmission Of:

A A
B A, B

c A, B, C

D A, B, C,D

E A/ B,C,D,E

F A B EF

G A B EF G

H A, G, H

I A G, H, I

J A G H I J

K A G H I J K
L A G H I J KL
M A G H L M

N A, G, M, N

o) AN, O

P AN, O, P

Q AN, O,P,Q

6. Message Content—General Considerations

6.1 Character Codes:

6.1.1 All data shall be represented as eight-bit, single-byte,
coded graphic character values as defined in ISO 8859-1:1987.
The eight-bit values, within the range from 0 to 127 of
ISO 8859-1:1987 correspond to the ASCII standard character
set. Values from O to 31 are disallowed with the exception of 7
(BEL), 9 (Horizontal tab), 11 (Vertical tab), and 13 (CR),
where 13 is reserved as a record terminator. Values from 32 to
126 and from 128 to 254 are allowed. Values 127 and 255 are
also not allowed. It is the responsibility of the instrument
vendor and computer system vendor to understand the repre-
sentation of any extended or alternate character set being used.
As an example, the numeric value 13.5 would be sent as
four-byte value characters 13.5 or Latin-1(49), Latin-1(51),
Latin-1(46), and Latin-1(53).

Allowed Characters:
Disallowed Characters:

6.1.2 Within text data fields, only the Latin-1 characters
32-126 and the undefined characters 128-254 are permitted as
usable characters (excluding those used as delimiter characters
in a particular transmission). Furthermore, all characters used
as delimiters in a particular transmission are excluded from the
permitted range. The sender is responsible for screening all text
data fields to ensure that the text does not contain those
delimiters. Unless otherwise stated, contents of data fields shall
be case sensitive.

6.2 Maximum Field Lengths—This specification assumes
that all fields are variable in length. No storage is allocated
(except for the delimiter) for a null field. When, for example,
ten characters of data are entered within a field, only ten
characters will be used. This specification does not define a

7,9, 11,12, 13, 32-126, 128-254
0-6, 8, 10, 14-31, 127, 255
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maximum length for any field or record and relies upon the
receiver’s buffering capabilities, and the logical layer’s trans-
port facilities, to parse information into workable lengths for
transmission and processing purposes. It is the responsibility of
the instrument vendor and computer system vendor to agree on
any arbitrary field or record truncation that may need to be
imposed. It is recommended that the instrument vendor provide
documentation disclosing any field or record limits that will be
mandated by the clinical instrument.

6.3 Maximum Record Length—None imposed.

6.4 Delimiters:

6.4.1 Alphanumeric characters should not be used as delim-
iters because they are likely to appear within field content.
Moreover, some alphabetic characters have special uses as
follows:

H,P,O,RC QS LM record type ID’s

. Latin-1(46) decimal point (period)
, Latin-1(44) comma

S,PR,C priority codes

L,H, < > N,U D,B, W result codes
C,PFEXIO result status

For the purpose of providing examples, the following

delimiters are used in this specification:
Field delimiter = vertical bar () Latin-1 (124)
Repeat delimiter = backslash (\) Latin-1 (96)
Component delimiter = caret (*) Latin-1 (94)
Escape delimiter = ampersand (&) Latin-1 (38)

6.4.2 Record Delimiter—Carriage return (13) shall be the
delimiter for the end of any of the defined record types.

6.4.3 Field Delimiter—A single allowable character as de-
fined in 6.1.1 excluding Latin-1(13) (carriage return), shall
separate adjacent fields. The field delimiter is variable and
defined in the message header. The same delimiter must be
used in all records following a header and preceding a message
terminator record.

6.4.4 Repeat Delimiter—A single allowable character as
defined in 6.1.1 excluding Latin-1(13) and the value for the
field delimiter defined in 6.4.3. The repeat delimiter must be
defined in the message header and is used to separate variable
numbers of descriptors for fields containing parts of equal
members of the same set.

6.4.5 Component Delimiter—A single allowable character
as defined in 6.1.1 excluding Latin-1(13) and the field and
repeat delimiter values. The component delimiter is used to
separate data elements of fields of a hierarchical or qualifier
nature. For example the street, city, state, zip, etc. of an address
field would be separated by component delimiters.

6.4.6 Escape Delimiter—A single allowable character, as
defined in 6.1.1, excluding Latin-1(13) and the field, repeat,
and component delimiter values. The escape delimiter is used
within text fields to signify special case operations. Applica-
tions of the escape delimiter are optional and may be used or
ignored at the discretion of either transmitter or receiver.
However, all applications are required to accept the escape
delimiter and use it to correctly parse fields within the record.

6.4.6.1 Use of Escape Delimiter—The escape delimiter may
be used to signal certain special characteristics of portions of a
text field (for example, imbedded delimiters, line feed, carriage
return, etc). An escape sequence consists of the escape delim-
iter character followed by a single e entsd
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below), followed by zero or more data characters followed by
another (closing) occurrence of the escape delimiter character.
No escape sequence may contain a nested escape sequence.
The following escape sequences are pre-defined.

&H& start highlighting text

&N& normal text (end highlighting)

&F& imbedded field delimiter character

&S& imbedded component field delimiter character
&R& imbedded repeat field delimiter character
&E& imbedded escape delimiter character
&Xhhhh&  hexadecimal data

Note 1—Any number of hexadecimal digits (0-9, A-F) may follow
(that is, &XA& could equal line feed).

&Zcccc&  Local (manufacturer defined) escape sequence

Note 2—Any number of legal characters may follow.

6.4.7 Specification of Delimiters—The actual delimiters to
be employed in a given transmission shall be specified in the
header message. It is the responsibility of the sender to avoid
the inclusion of any delimiter characters within the field
contents. The receiving computer will determine what charac-
ters to use by reading the specifications of the header it
receives. See 6.4.1 for examples of delimiters used for this
document.

6.4.8 Delimiters for Null Values—Fields shall be identified
by their position, obtained by counting field delimiters from the
front of the record. This position-sensitive identification pro-
cedure requires that when the contents of the field are null, its
corresponding field delimiter must be included in the record to
ensure that the i’th field can be found by counting (i—1)
delimiters. Delimiters are not included for trailing null fields;
that is, if the tenth field was the last field containing data, the
record could terminate after the tenth field, and therefore would
contain only nine delimiters.

6.4.9 Fields of No Concern to the Receiving System—
Transmitted records may include more fields than are required
by a receiving system. When processing a message, the
receiving system may ignore any field it does not require.
Fields must always be transmitted, however, in the positional
order specified.

6.4.10 Fields with Null Values:

6.4.10.1 A system may transmit a null value for a field
because (/) it does not know the value, (2) it knows the value
is irrelevant to the receiving system, or (3) the value has not
changed since the last transmission, or any combination
thereof. To exemplify case (3), a lab within a tightly linked
hospital network may never transmit the patient’s birthdate,
sex, or race in the patient record when transmitting the order
and result records to the requesting system, because it knows
that the hospital registry system always broadcasts new or
changed patient data to the receiving system.

6.4.10.2 Because the sending system can use null values to
indicate no change, a null value does not overwrite existing
data in the receiving system. In rare circumstances, for
example, if a system erroneously sent a patient’s birthdate
when the birthdate was actually unknown, the receiving system
should replace its existing value for a field with a null value.
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6.4.10.3 A field containing only a pair of double quotes
(Latin-1(34)) should be treated as an instruction to the receiver
that the existing contents pertaining to that field definition
should be deleted.

6.5 Data Record Usage Overview—Data shall be ex-
changed in records of different types. Each record is introduced
by field (number one) identifying the record type, and termi-
nated by a carriage return. The following record types are
defined.

Note 3—The record type ID field shall be case insensitive.

6.5.1 Message Header Record (H)—This record shall con-
tain information about the sender and the receiver, that is, it
shall identify the instrument(s) and the computer systems
whose records are being exchanged. It also defines the field,
repeat field, and component field delimiter characters.

6.5.2 Patient Identifying Record (P)—This record type con-
tains information about an individual patient

6.5.3 Test Order Record (O)—When sent from the computer
system to the instrument, this record shall represent a test order
and may be followed by one or more result records which
would contain information pertinent to the test being ordered.
When sent by the instrument to the computer system, it shall
provide information about the specimen/test request, and may
be followed by result records (at least one record for each test
within the ordered batteries).

6.5.4 Result Record (R)—Each result record shall contain
the results of a single analytic determination.

6.5.5 Comment Record (C)—Comment records shall apply
to any other record except the message trailer record. They may
be free standing messages sent to or from the instrument,
unrelated to a particular patient or test procedure.

6.5.6 Request Information Record (Q)—This record shall be
used to request information for new tests, for tests previously
ordered, and possibly for tests previously reported. A single
request information record may request demographic informa-
tion, or results for an individual test, multiple test, or all tests
for a single date, a series of dates, or a range of dates, or both,
and for an individual patient, group of patients, individual
specimens, groups of specimens, etc.

6.5.7 Scientific Record (S)—This record shall be used to
exchange results between clinical sites for the purposes of
proficiency testing or method development.

6.5.8 Manufacturer Information Record (M)—This record,
which is similar to the comment record, may be used to send
complex structures where use of the existing record types
would not be appropriate. The fields within this record type are
defined by the manufacturer.

6.6 Common Field Types:

6.6.1 Universal Test ID—This field is defined as a four part
field with provisions to further define the test identification via
use of component fields. The test ID field is used to identify a
test or battery name. The four parts which are defined below
are the universal test identifier, the test name, the test identifier
type and the manufacturer defined test code. All test ID parts
must be separated by a component delimiter and are position
dependent. As an example, additional information which may
be included in this field type are instrument ID, organism ID

(for sensitivity tests), well number, Bpﬁﬂmen*Sn
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